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Abstract

:

Insufficient research exists for position change intervals to eradicate pressure ulcers. We tried to provide evidence for the position change interval by comparing peak pressure, risk area ratio, and the time to reach 30 mmHg and 60 mmHg, and presented this in detail, according to the angle in the three positions. The study conducted RCTs on a total of 64 healthy adults. For two hours, interface pressure measurements were compared with 30° and 90° tilting at the inclined, 0° and 45° head-of-bed (HOB) elevation at the supine, and 30° and 45° HOB elevation at the Fowler’s position. The peak pressure on 30° tilting remained less than 60 mmHg for 2 h, unlike 90° tilting. To reach 60 mmHg took 78.18 min at 30° tilting, within 30 min at the 30° supine, 30° and 45° at the Fowler’s position, and 39.55 min at 0° supine. The pressure difference according to the angles was only significant at 30° and 90° tilting, with no difference in the other groups. To prevent pressure ulcers, position changes are required every 2 h in the 30° tilting position, every 1.5 to 2 h at 0° supine, and at least every 1.5 h for all the other positions.
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1. Introduction


Pressure ulcers refer to local tissue damage resulting from external forces such as continuous pressure, shear force, and friction [1], and are an important part of nursing care in terms of maintaining skin integrity [2]. Pressure ulcers do cause discomfort or pain owing to ischemia and tissue damage [3], and physical problems that cause complications, lead to poor clinical outcomes, psychological, and social problems caused by increased health care costs [4]. Since various problems are connected, a preventive approach is essential.



Accordingly, the clinical field uses the occurrence of pressure ulcers as an indicator of quality of care [5]. Therefore, efforts are made to prevent the occurrence of pressure ulcers through guidelines and research [4]. Pressure ulcers are caused by a variety of causes and depend on the individual condition of the patient. Therefore, pressure ulcer preventive nursing interventions suitable for individual subjects need to be provided, and such arbitration must be based on scientific evidence.



Practical guidelines for preventing pressure ulcers provide risk factors related to pressure ulcers and methods for preventing and managing pressure ulcers, including skin assessment, changing position, and the use of support surfaces. Although these guidelines are widely used clinically, recommendations on body posture changes are less specific and there is still insufficient literature to support the recommendations [6,7,8]. Some guidelines for preventing pressure ulcers provide recommendations for specific postures, such as 30° tilt and 30° or less head elevation [9,10,11,12]. However, conflicts with this recommendation, such as the unavoidable need to adopt a specific position for therapeutic purposes, may lead to confusion in clinical decision-making. This is because specific details such as the allowable range of head angle and posture maintenance time were not sufficiently presented [13].



Additionally, the level of evidence for repositioning recommendations is very low, or it is stated that there is insufficient evidence to compare between prophylactic interventions [9,10,11,12]. In each guideline, recommendations for position change were based on two or more non-RCTs in WOCN (2016) guidelines, expert opinions/institutional clinical experiences in RANO (2016) guidelines, and RCTs with very large limitations, observational studies, and case series in KCE (2012) guidelines. Specifically, the position for the prevention of bedsores in the guidelines used in clinical practice to date is based on insufficient evidence, and the conclusions about obvious clinical benefits and risks have not yet been reached. Furthermore, in the recent systematic review studies conducted in 2019 [14] and 2020 [15], it was difficult to find a concrete conclusion on the effect of pressure ulcers prevention according to position, which necessitates additional research to present the appropriate evidence for the preventive position.




2. Related Works


Pressure load time and pressure levels are important factors contributing to the occurrence of pressure ulcers [16]. For the redistribution of pressure before vascular occlusion occurs, the body surface pressure level must be understood, and the repositioning schedule or posture should be determined according to the critical point of pressure. However, even in a recently published study, the pressure for each position was measured for a brief period of about 10 min, so there is a limit to its clinical application [17]. Until now, numerous studies have reported the critical point of pressure ranging from 30 to 80 mmHg [18,19,20], but studies confirming the time to reach this critical point are insufficient, which necessitates an empirical study.



Taken together, the bedsore prevention guidelines lack quantitatively the studies designed to confirm strong causality such as RCT, and the studies reflected in the guidelines do not fully reflect the results owing to qualitative and methodological limitations (e.g., considerable risk of bias). As such, well-designed RCT studies must be conducted. In addition, a study measuring the time to reach the critical pressure suggested in previous studies by identifying the cumulative pressure loaded in each position up to the 2-hour starting point [21] is used as an empirical basis rather than the short-time measured pressure needed.



Therefore, we attempted to measure cumulative pressure for two hours at each body position with different angles and provide the appropriate position change interval for pressure injury prevention.




3. Materials and Methods


3.1. Aim


In this study, the peak pressure, risk area ratio, and time to reach pressure ulcer threshold pressure were compared in each group for 2 h at 30-min intervals. The three positions are laterally inclined (30° vs. 90°), supine with head-of-bed (HOB) elevation (0° HOB vs. 30° HOB elevation), and Fowler’s with 30° leg elevation (30° HOB elevation vs. 45° HOB elevation). The specific objectives were as follows.



	
To identify the peak pressure of bony prominence according to each group in each position.



	
To calculate and compare the risk area ratio for each position.



	
To compare the time to reach the interface pressure of 60 mmHg between the two groups in each position.







3.2. Study Design


This study is the RCT to identify the interface pressure for each part of the body according to the type of position for 2 h. This study is divided into three trials: the laterally inclined, supine, and Fowler’s position, and compares the pressure change over time in the experimental and control groups within each trial, respectively. The angles for each position were divided into an experimental group and a control group based on the previous study. For the laterally inclined position, 30° tilting was used for the experimental group and 90° tilting for the comparison group [22]. For the supine position, 0° HOB was used for the experimental group, and the 30° HOB elevation was used for the comparison group [23]. For the Fowler’s position (supine combined with 30° leg elevation), 30° HOB elevation was used for the experimental group and the 45° HOB elevation for the comparison group [24,25]. For randomization, the Internet Randomization Service of Sealed Envelops™ was used, the group was set to two and the block size was set to 4 to generate a random list, and based on this, subjects were randomly assigned to an experimental group and a control group, respectively. The order of assignment was kept concealed by confirming the results of the assignment immediately before the experiment. Random assignment and provision of experimental intervention were performed independently by the principal investigator and the researcher, respectively.




3.3. Study Participants


This study was conducted on healthy adults who had little difficulty in taking an immobile position for 2 h. Although healthy young adults may differ from patient conditions, we have tried to provide basic data for healthy adults. Participants were recruited using the university’s online bulletin board. Exclusion criteria were subjects with skin damage, underlying diseases such as musculoskeletal disorders, peripheral circulation disorders, mental disorders, and those having difficulty maintaining the position for 2 h. Using G*power 3.1.9.7, the number of subjects required for repeated measures ANOVA was calculated. For the effect size, a medium size of 0.25 was used because there was no previous study with a similar design. A significance level of 0.05, a power of 0.80, two groups, and five measurements were input for the “number of measurements.” The number of subjects was calculated to be 11 for each group and 22 for each position (laterally inclined, supine, and Fowler’s). A total of 66 people were recruited, of which data of 64 people were included in the analysis, excluding two in which body interface pressure decreased rapidly owing to movement.




3.4. Variables and Measurements


3.4.1. Interface Pressure


The contact interface pressure is the pressure applied to the patient’s skin, which is the pressure measured between the patient’s body surface and the bed. In this study, the interface pressure was calculated using two variables that indicated the strength and redistribution of pressure. The strength of pressure was identified using the peak pressure [26,27], and the redistribution of pressure was confirmed using the risk area ratio [28]. Using the XSENSOR X3 PX100 system (ForeSite SS Mattress System, XSENSOR Technology, Calgary, AB, Canada), we measured interface pressures in the subjects’ bony prominence sites. A flexible and thin 81.2 cm × 203.2 cm mattress sensor pad (PX100:26.64.01, XSENSOR Technology, Calgary, AB, Canada) can export pressure data sensed in contact with the body to a computer program running the X3 Pro (XSENSOR Technology, Calgary, AB, Canada) software. The sensor pad must be large enough to measure the pressure from the whole body in contact with the bed in any position on the bed. The entire sensor pad can measure pressure from 1296 sensors, 12.5 mm in size, with a measurement range of 10–200 mmHg and an accuracy rate of ±5%. The real-time numerical data could be retrieved into Microsoft Excel 2016 (Microsoft Corp., New York, NY, USA), and the pressure data is stored in 3600 frames for 2 h. For the pressure data, 5 min of data were extracted every 30 min, 60 min, 90 min, and 120 min, and the average value was calculated and used for analysis. The interface pressure was measured on a standard hospital mattress rather than on a support surface so that it was measured under the same conditions from all subjects. BMI (body mass index), which is one of the confounding variables that can affect the interface pressure, was not controlled when the subjects were selected, but it was controlled by a statistical method by comparing the BMI between groups.




3.4.2. Peak Pressure


The peak pressure is the highest pressure among the pressures measured from each sensor. It refers to the peak pressure of the bone protrusion. When the subject took a position in the bed, the contact area with the bony prominence site was marked on the sensor pad using a sticker (for example, the shoulder and the greater trochanter in the lateral position; the scapula and sacrum are in the supine position or in the Fowler’s position). The position of the marked sensor can be checked in the pressure mapping, which is displayed visually in the X3 Pro program so that the pressure in that area can be measured.




3.4.3. Risk Area Ratio


The risk area ratio indicates whether the pressure is evenly distributed and was used in previous studies [28] as an indicator of the risk of bedsores. The risk area ratio was calculated by calculating the ratio of the area measured with interface pressures of above 30 mmHg [29] and 60 mmHg [18], known as the interface pressure of the risk of pressure ulcers in previous studies, to the total area where pressure was measured. Thus, it refers to a percentage calculated by using the total number of sensors measuring pressure as the denominator and the number of sensors measuring 30 mmHg or 60 mmHg or more as the numerator. The threshold for pressure sores is reported in numerous studies, but the most commonly cited values are 30 mmHg [29] and 60 mmHg [18]. Therefore, we calculated the risk area ratio based on these two thresholds. The higher this value, the higher the risk of pressure ulcers.





3.5. Procedures and Data Collection


The principal investigator performed the randomization generation, and the research assistant was responsible for measuring the contact surface pressure according to the assigned group to maintain the concealment of randomization. Owing to the nature of the experimental study, it was not possible to keep the participants blind, but the researcher who did not know the assignment performed the analysis and maintained a single-blind procedure.



All participants were asked to lie in the prone position on a standard hospital mattress for 20 min, rest, and then hold the position corresponding to each group for two hours. The laterally inclined position group was to take a 30° or 90° tilting position according to the assignment. According to the assignment, the supine group was asked to take a supine position with a head elevation of 0° or 30°. The Fowler’s position group was asked to take a head elevation of 30° or 45° depending on the assignment. The baseline contact interface pressure was measured 5 min after taking the assigned position, and the contact interface pressure was measured after 30 min, 60 min, 90 min, and 120 min. For accurate measurement, study participants had to remain immobile for 2 h. Furthermore, no additional interventions were provided to the participants. Data were collected from November 2016 to June 2019.




3.6. Data Analysis


This study data were analyzed by dividing the three groups into position, supine, and Fowler’s, and the experimental and control groups were compared within each group. As a result of testing for normality with Shapiro–Wilk in this study, parametric analysis was performed on variables satisfying normality and nonparametric analysis of variables that did not satisfy normality. Continuous variables were summarized as the mean and standard deviation or median and IQR, and categorical variables were summarized as real numbers and percentages. The homogeneity test between the experimental and control group was analyzed by the Chi-square and independent t-test. Differences in peak pressure and risk area ratio (≥30 mmHg) between groups over time were analyzed by Repeated Measure ANOVA. Sphericity was assessed during Repeated Measure ANOVA analysis, and the Greenhouse Geisser’s modified test statistic was applied when the sphericity assumption was not satisfied in Mauchly’s test. In addition, when a significant difference was confirmed in the groups in Repeated Measure ANOVA, the difference between the groups was also confirmed using the t-test. The difference in risk area ratio (≥60 mmHg) between groups over time was analyzed by the Friedman test, and the difference in contact pressure between groups at each measurement point was analyzed by the Mann–Whitney U test. The time until the maximum pressure reached 60 mmHg was obtained using the Kaplan–Meier estimation method, and the results were presented as a cumulative survival function. The difference between the two groups was confirmed by log-rank (Mantel–Cox). For statistical analysis, the SPSS 21.0 WIN version(SPSS Inc., Chicago, IL, USA) was used, and the significance level of all analyses was 0.05.




3.7. Ethical Considerations


This study was conducted after obtaining approval from the Institutional Review Board (IRB) of Hanyang University. Participants were recruited through publicity within the university. The research was conducted having obtained written consent after the researcher had explained the research.





4. Results


4.1. General Characteristics of Participants, Verification of Homogeneity between Groups


The characteristics of the participants are shown in Table 1. As a result of verifying the homogeneity of the general characteristics of the experimental and control group in the three groups in the laterally inclined, supine, and Fowler’s position groups, gender, age, and body mass index (BMI) were all homogeneous in the group divided by position.




4.2. Peak Pressure of Contact Surface and Risk Area Ratio (30° vs. 90° Laterally Inclined Position)


Table 2 and Figure 1 show the pressure change for 2 h observed at 30° and 90° laterally inclined positions. The peak pressure was 42.82–46.93 mmHg in the shoulder region and 47.45–50.85 mmHg in the greater trochanter region at 30° tilting positioning. In the 90° tilting positioning, it was 55.82–62.41 mmHg in the shoulder region and 69.54–79.15 mmHg in the greater trochanter region. At 90° tilting positioning, the greater trochanter was higher than 60 mmHg at all time points.



As a result of ANOVA, there was a difference between the 30° and 90° tilting positioning groups in the shoulder region (F = 9.083, p = 0.007), and the difference with time was also significant (F = 3.631, p = 0.029). In the greater trochanter, a difference between the 30° and 90° tilting positioning groups (F = 6.350, p = 0.002) was found, and the difference with time was also significant (F = 13.446, p = 0.002).



Based on the critical pressure of 30 mmHg for the risk of pressure ulcers, a difference showed in the risk area ratio between the 30°and 90° tilting positioning groups (F = 16.72, p = 0.001) with the risk area ratio within the group over time (pressure ulcer risk pressure 30 mmHg or more area ratio) as significant (F = 27.03, p < 0.001). Additionally, there was an interaction between time and group (p = 0.26), which showed a difference in the change in the risk area ratio over time in the 30° and 90° tilting positioning groups, respectively.



Based on the critical pressure of 60 mmHg for the risk of pressure ulcers, no difference with time in both the 30° and 90° tilting of the area of the dangerous pressure was found. When each group was compared per time, the 90° tilting position at all time points from baseline to 120 min showed a significantly higher risk area ratio than the 30° tilting position. Thus, in the positioning, the area that received pressure of 60 mmHg or more did not widen over time in both groups, and the 90° tilting position received more than 60 mmHg of pressure in a wider area than the 30° tilting position depending on the angle.



Among the total interface pressure, the average estimated time for the peak pressure to reach 60 mmHg was 78.18 min (SE 15.92) for 30° tilting (95% CI, 46.98–109.38), and 21.50 min (SE 11.40) for 90° tilting position (95% CI, 0.00–43.85) (Figure A1). There was a significant difference according to the angle in the laterally inclined position (p = 0.017).




4.3. Peak Pressure of Contact Surface and Risk Area Ratio (0° vs. 30° HOB Elevation Supine Position)


Table 3 and Figure 1 show the pressure change observed in the 0° HOB and 30° HOB elevation supine position for 2 h. In the 0° HOB elevation supine position, the peak pressure was 41.56–50.46 mmHg in the scapula region and 52.41–65.05 mmHg in the sacrum region. The 30° HOB elevation supine position was found to be 46.23–1.03 mmHg in the scapula region and 56.47–70.03 mmHg in the sacrum. The highest pressure was observed in the sacrum in both 30° and 90° HOB elevation supine positions.



As a result of the ANOVA, no difference between the 0° and 30° HOB elevation supine groups in the scapula region (F = 0.246, p = 0.625) was observed, and the difference with time was not significant (F = 2.807, p = 0.063). In the sacrum region, no difference between the 0° and 30° HOB elevation supine groups (F = 2.147, p = 0.158) was found, but the difference with time was significant (F = 30.672, p < 0.001).



Also, no difference was found in the risk pressure area ratio between the 0° and 30° HOB elevation supine groups based on the critical pressure of 30 mmHg for the risk of pressure ulcers (F = 1.002, p = 0.329). The risk area ratio within the group over time (pressure ulcer risk pressure 30 mmHg or more area ratio) was significant (F = 0.716, p < 0.001).



Based on the critical pressure of 60 mmHg for the risk of pressure ulcers, the risk area ratio showed a difference in time in both the 0° HOB (p = 0.03) and 30° HOB (p < 0.001) elevation supine positions. When comparing groups over time, 30 min (p = 0.032) and 60 min (p = 0.032), 90 min (p = 0.036) for the risk area ratio of 30° HOB was significantly higher than that of 0° HOB elevation supine.



Among the total interface pressure, the average estimated time for the peak pressure to reach 60 mmHg among total interface pressures was 39.55 min (SE 11.24) in the 0° HOB elevation supine position (95% CI, 17.53–61.57), and 26.36 min (SE 9.82) at 30° HOB elevation supine (95% CI, 7.12–45.61) (Figure A2). There was no significant difference according to the angle in the supine position (p = 0.274).




4.4. Peak Pressure of Contact Surface and Risk Area Ratio (30° vs. 45° HOB Elevation Fowler’s Position)


Table 4 & Figure 1 show the pressure change for 2 h observed in the 30° and 45° HOB elevation Fowler’s position. The peak pressure was 50.66–60.10 mmHg at the scapula and 55.19–58.06 mmHg at the sacrum in 30° HOB elevation Fowler’s position, 51.32–58.26 mmHg at the scapula and 60.65–70.24 mmHg at the sacrum in 45° HOB elevation Fowler’s position. The peak pressure was less than 60 mmHg at all time points except for the scapula at 120 min in the 30° HOB elevation Fowler’s position, and the sacrum in the 45° HOB elevation Fowler’s position exceeded 60 mmHg at all time points.



As a result of the ANOVA, no difference between the 30° and 45° HOB elevation Fowler’s position groups in the scapula region (F = 0.002, p = 0.964) was observed, and the difference with time was significant (F = 5.404, p = 0.001). In the sacrum region, there was no difference between the 30° and 45° HOB elevation Fowler’s position groups (F = 1.244, p = 0.279), but the difference with time was significant (F = 7.954, p = 0.002).



There was no difference in the risk pressure area ratio between the 30° and 45° HOB elevation Fowler’s position groups (F = 0.716, p = 0.408) based on the critical pressure of 30 mmHg for the risk of pressure ulcer occurrence, and the risk area ratio within the group over time (pressure ulcer risk pressure 30 mmHg or more area ratio) was significant (F = 20.020, p < 0.001).



Based on the critical pressure of 60 mmHg for the risk of pressure ulcers, the area ratio of the dangerous pressure did not differ according to the time flow in both the 30° and 45° HOB elevation Fowler’s position. There was no significant difference even when comparing each group per hour.



Among the total interface pressure, the average estimated time for the peak pressure to reach 60 mmHg was 29.09 min (SE 10.64) for 30° HOB elevation in the Fowler’s position (95% CI, 8.42–49.94), and 28.50 min (SE 14.11) for 45° HOB elevation in the Fowler’s position (95% CI, 0.85–56.15) (Figure A3). No significant difference according to the angle in the Fowler’s position (p = 0.922) was present.





5. Discussion


This study aimed to identify changes in interface pressure over time in the laterally inclined, supine, and Fowler’s positions in healthy adults, to present evidence for a position in the guidelines for preventing pressure ulcers, and to prepare specific recommendations for a position change. This study was conducted in the immobile position for 2 h after the participants took the corresponding position, and the peak pressure and peak pressure in the bony prominence were measured for each time period. Additionally, to calculate the area with a substantial risk of pressure ulcers, the ratio of pressure ulcer risk area among the entire body surface was compared between groups based on the critical values of pressure ulcer generation, 30 mmHg and 60 mmHg, respectively. Finally, according to the group by position, the time point at which a high pressure of 60 mmHg or more was generated was observed in units of 5 min to present evidence for the position change interval. Traditionally, the threshold for pressure ulcers is 32 mmHg owing to capillary occlusion [30]. However, a study involving humans for an extended period reported higher pressure [20]; thus, we compared the time of reaching the standard between groups. Therefore, we used 60 mmHg as the risk criterion for pressure ulcers and compared the time to reach this criterion between groups. By synthesizing the results of the above study, this study compares the evidence for position for the prevention of pressure ulcers presented in previous studies and guidelines and discusses the clinical application direction.



First, looking at the laterally inclined position, the measurements were significantly higher at 90° tilting than at 30° tilting for the two hours, and the highest pressure measured on the entire body interface was higher than 60 mmHg from the start. Pressure applied to the protrusion is known to be a strong cause of pressure ulcers among numerous factors [31]. The 90° tilting position can be seen as the average pressure on the contact surface that is higher than that of the other position because the position of the shoulder and greater trochanter are more protruding. This is a result consistent with the existing guidelines for avoiding the 90° tilting positioning and recommending the 30° tilting position [32]. However, even if a 30° tilting position is recommended, a recent study considering BMI showed higher pressure in obese women than overweight, normal, and underweight people in a 30° tilting position [17]. Therefore, even with a 30° tilting position, the skin condition of these patients should be assessed frequently.



When 30 mmHg was set as the critical pressure standard for pressure ulcers to occur, the risk area ratio showed a significant difference between 30° and 90° tilting positions as time passed. In particular, in taking the laterally inclined position for 2 h, the risk area ratio was about 30% and 40% at the 30° and 90° tilting positions respectively, confirming that the risk of pressure ulcers was higher at 90° tilting position. With the critical pressure application at 60 mmHg, the risk area was wider at 90° tilting compared to 30° tilting at each time point, but with no difference over time. In the case of 90° tilting, it is the result of the high pressure concentrated in the contact area around the great trochanter from the beginning. However, the 30° tilting position seems to maintain a relatively stable pressure owing to the effect that the pressure is spread evenly across the contact area rather than in the 90° tilting position.



Additionally, when comparing the time to reach 60 mmHg in the laterally inclined position, the 90° tilting was 21.5 min, which was noticeably shorter compared to the 78 min in the 30° tilting. Thus, a patient who changes position every 2 h was exposed to high pressure of 60 mmHg for about 100 min. Considering the studies that found that tissue changes could occur if pressure above 45–80 mmHg is continuously applied for more than an hour [20] and that the impact is minimal if it is less than an hour [19], the 90° tilting should be avoided as much as possible. If it is unavoidable to take a 90° tilting position, patients needed to change position at least every 1.5 h. However, when it is unavoidable to maintain a 90° tilting position for a long time, such as in surgery, additional research needs to confirm the effect of a support surface or preventive dressing that can be selected as an intervention to prevent pressure ulcers. However, if the participants of the 30° tilting position changed position every 2 h, the participant was exposed to a pressure of 60 mmHg or more for only 42 min in the immobile state; therefore, it can be a basis for maintaining the previously recommended period of position change of two hours. Even extending the position change interval can be considered carefully.



In the supine position, no significant difference showed in the scapula area over time or between 0° and 30° of head elevation, but a difference according to the time flow in the sacrum area occurred. Owing to the mechanism of intensive pressure accumulation in the sacrum region due to the generation of shear force when the head is raised [23], high pressure in the sacral region was expected to occur during the 30° HOB elevation supine. However, this region showed a risk of pressure ulcers regardless of whether the head rose or not. Therefore, preventive intervention is necessary. Even in the peak pressure results measured on the entire body interface, in the 30° HOB elevation supine position, measurements were more than 60 mmHg from the starting point, and higher pressure was observed at 30° HOB elevation supine than 0° HOB at all time points, although there was no statistically significant difference. As such, it was difficult to conclude a better position for pressure ulcers prevention in 0° and 30° HOB elevation supine position, similar to the results of a prior study [33] in which no significant difference showed in peak pressure between 0°, 10° and 30° HOB elevation supine.



There was no significant difference in the time to reach 60 mmHg between the supine position groups, with 40 and 26 min in a supine position with 0° and 30° HOB elevation respectively, both of which were less than 40 min. If the position is changed every 2 h, it means that patients are exposed to a pressure of more than 60 mmHg for about 80 min in a supine position with 0° HOB, and for 94 min in a supine position with 30° HOB elevation. Therefore, it is necessary to change the posture at least every 1.5 to 2 h and every 1.5 h for 0° and 30° HOB elevation supine position respectively.



In clinical practice, the supine position is the most common, and patients often have to raise their head above 30° owing to respiratory problems such as aspiration or pneumonia [13] or increased intracranial pressure [34]. Therefore, it is difficult to exclude the supine position altogether or to significantly reduce the time for changing the position to prevent pressure ulcers. Therefore, methods to maintain the pressure in the supine position at an appropriate level should be sought. For example, it may be considered to apply a position [33] such as angles of HOB elevation with the entire bed in the reverse Trendelenburg position, which shows lower pressure than when only raising the head. Additionally, the curvilinear supine position is reportedly effective in lowering pressure by evenly distributing the pressure across the entire body surface [35]. Thus, this may be a position to prevent bedsores. In combining and applying this modified supine position and additional preventive interventions, it can be effective in preventing pressure sores without shortening the time for position change; however, stronger evidence through additional research should be presented.



In Fowler’s position, the peak pressure measured in the scapula and sacrum showed a difference in time and no difference between the 30° and 45° HOB elevation Fowler’s groups. This result contradicts the existing guideline [9] that the head should be kept below 30°. Since there was no difference between 30° and 45°, patients who need to raise their heads do not need to keep their heads below 30°, and up to a 45° HOB elevation may be permitted. The time to reach 60 mmHg was 29 min for 30° of head elevation and 28.5 min for half sitting at 45° head elevation with no significant difference between the two groups. In a Fowler’s position, one might consider choosing the appropriate body position based on the clinical situation or the safety of the patients rather than the angle of raising the head.



However, it took only 30 min to reach a pressure of 60 mmHg or more in both the 30° and 45° HOB elevation Fowler’s positions; therefore, it is necessary to change the position at least every 1.5 h. The risk areas need to be observed more extensively. As in the supine position, a complementary intervention for preventing pressure ulcers should be considered, and in Fowler’s position, it is necessary to observe the risk area more extensively for pressure ulcers. In a previous study, a Fowler’s position between 15° and 45° HOB caused most pressure ulcers on the back [36], and in this study, we observed the highest pressure in the scapula at 120 min of 30° HOB elevation Fowler’s position. However, except for the 120-min time point in the 30° HOB elevation Fowler’s position, it was difficult to identify the risk area for pressure ulcers because higher pressure occurred in the sacrum rather than in the scapula at all time points in the 30° and 45° HOB elevation Fowler’s positions. Predicting the site of pressure ulcers is also particularly important as a strategy for preventing pressure ulcers, so it is necessary to reconfirm the site where the highest pressure occurs in Fowler’s position through repeated studies.



Combining the results of this study, when maintaining an immobile posture, the risk range for pressure sores increases over time, and it necessitates the adjustment of position change time according to each position. In particular, the 90° tilting position was high at the peak pressure, risk area ratio (at each reference point 30 mmHg, 60 mmHg) for each time period, and was confirmed as a position to be avoided for patients with a considerable risk of pressure ulcers. A 30° tilting position can be considered as the most stable position to prevent pressure ulcers by maintaining low pressure. Furthermore, the Fowler’s position, which raises the lower extremities together when the head is raised, is accepted as effective in preventing pressure ulcers in previous studies, but these results should be interpreted as limited to the sacrum region. Thus, the time to reach 60 mmHg within 30 min was short. With the inclusion of the entire contact area, it showed a high pressure of over 60 mmHg, and the time to reach 60 mmHg within 30 min was short.



The limitations of this study are that the results in healthy adults may differ from patient conditions and may not reflect pressure when using the support surface. Although this study measured the pressure of healthy adults on standard mattresses, since the reported interface pressure data so far are insufficient, this study is important in that they provide interface pressures in different positions and long-term cumulative pressures, as in real clinical practice.




6. Conclusions


The 90° body tilting position should be avoided owing to the increased risk of developing pressure and high pressure over time. However, the 30° tilting position effectively dispersed the pressure, and when exposed to more than 60 mmHg in a two-hour floating position, it was 42 min, the shortest period for the six body positions. This result supports existing guidelines that 30° tilting measures are effective in preventing pressure ulcers. If the 90° tilting position is inevitable, high pressure is concentrated in the greater trochanter, so preventive intervention is needed to prevent the occurrence of pressure ulcers in the greater trochanter area. No significant difference was observed in body interface pressure between the 0° and 30° HOB elevation supine, all of which produced the highest pressure in the sacral region. The 30° and 45° HOB elevation fowler also did not have a significant difference in interface pressure. Therefore, the result contrasted with the existing guideline that restricts head elevation of more than 30°. However, in the Fowler’s position, a wide range of skin assessments including the back is necessary because the peak pressure is not limited to the sacrum region. As pressure and time are not the only causes of pressure ulcers, we suggest a follow-up study that comprehensively considers various variables such as the support surface and the patient’s basal condition.
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Figure A1. Estimates of survival time for the laterally inclined position group. 
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Figure A2. Estimates of survival time for the supine position group. 
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Figure A3. Estimates of survival time for the Fowler’s position group. 






Figure A3. Estimates of survival time for the Fowler’s position group.



[image: Ijerph 18 09992 g0a3]







References


	



Sibbald, R.G.; Krasner, D.L.; Woo, K.Y. Pressure Ulcer Staging Revisited: Superficial skin changes & Deep Pressure Ulcer Framework©. Adv. Skin Wound Care 2011, 24, 571–580. [Google Scholar] [CrossRef]

	



Samuriwo, R. The impact of nurses’ values on the prevention of pressure ulcers. Br. J. Nurs. 2010, 19, S4–S14. [Google Scholar] [CrossRef]

	



Kottner, J.; Balzer, K.; Dassen, T.; Heinze, S. Pressure ulcers: A critical review of definitions and classifications. Ostomy Wound Manag. 2009, 55, 22–29. [Google Scholar] [PubMed]

	



Mervis, J.S.; Phillips, T.J. Pressure ulcers: Pathophysiology, epidemiology, risk factors, and presentation. J. Am. Acad. Dermatol. 2019, 81, 881–890. [Google Scholar] [CrossRef]

	



Tayyib, N.A.H.; Coyer, F. Effectiveness of Pressure Ulcer Prevention Strategies for Adult Patients in Intensive Care Units: A Systematic Review. Worldviews Evid.-Based Nurs. 2016, 13, 432–444. [Google Scholar] [CrossRef]

	



National Institute for Health and Clinical Excellence. Pressure Ulcers: Prevention and Management of Pressure Ulcers. National Institute for Health and Clinical Excellence (NICE). Available online: https://www.nice.org.uk/guidance/cg179 (accessed on 20 December 2019).

	



European Pressure Ulcer Advisory Panel; National Pressure Ulcer Advisory Panel; Pan Pacific Pressure Injury Alliance. Prevention and Treatment of Pressure Ulcers/Injuries: Clinical Practice Guideline. In The International Guideline, 3rd ed.; Haesler, E., Ed.; EPUAP/NPIAP/PPPIA: London, UK, 2019. [Google Scholar]

	



Gould, L.; Stuntz, M.; Giovannelli, M.; Ahmad, A.; Aslam, R.; Mullen-Fortino, M.; Whitney, J.D.; Calhoun, J.; Kirsner, R.S.; Gordillo, G.M. Wound healing society 2015 update on guidelines for pressure ulcers. Wound Repair Regen. 2016, 24, 145–162. [Google Scholar] [CrossRef]

	



Wound, Ostomy and Continence Nurses Society-Wound Guidelines Task Force. WOCN 2016 Guideline for Prevention and Management of Pressure Injuries (Ulcers). J. Wound Ostomy Cont. Nurs. 2017, 44, 241–246. [Google Scholar] [CrossRef]

	



Grinspun, D. Assessment and Management of Pressure Injuries for the Interprofessional Team: Registered Nurses’ Association of Ontario. Available online: https://rnao.ca/bpg/guidelines/pressure-injuries (accessed on 10 April 2019).

	



Qaseem, A.; Mir, T.P.; Starkey, M.; Denberg, T.D. Risk Assessment and Prevention of Pressure Ulcers: A Clinical Practice Guideline From the American College of Physicians. Ann. Intern. Med. 2015, 162, 359–369. [Google Scholar] [CrossRef]

	



Beeckman, D.; Matheï, C.; Van Lancker, A.; Van Houdt, S.; Vanwalleghem, G.; Gryson, L. A National Guideline for the Prevention of Pressure Ulcers. In KCE Reports; Belgian Health Care Knowledge Centre (KCE): Brussels, Belgium, 2013; Available online: https://kce.fgov.be/en/publication/report/a-national-guideline-for-the-prevention-of-pressure-ulcers (accessed on 12 May 2018).

	



Metheny, N.A.; Frantz, R.A. Head-of-Bed Elevation in Critically Ill Patients: A Review. Crit. Care Nurse 2013, 33, 53–67. [Google Scholar] [CrossRef] [PubMed]

	



Gaspar, S.; Peralta, M.; Marques, A.; Budri, A.; De Matos, M.G. Effectiveness on hospital-acquired pressure ulcers prevention: A systematic review. Int. Wound J. 2019, 16, 1087–1102. [Google Scholar] [CrossRef]

	



Gillespie, B.M.; Walker, R.M.; Latimer, S.L.; Thalib, L.; Whitty, J.A.; McInnes, E.; Chaboyer, W.P. Repositioning for pressure injury prevention in adults. Cochrane Database Syst. Rev. 2020, 2020, CD009958. [Google Scholar] [CrossRef]

	



Källman, U.; Engström, M.; Bergstrand, S.; Ek, A.-C.; Fredrikson, M.; Lindberg, L.-G.; Lindgren, M. The Effects of Different Lying Positions on Interface Pressure, Skin Temperature, and Tissue Blood Flow in Nursing Home Residents. Biol. Res. Nurs. 2014, 17, 142–151. [Google Scholar] [CrossRef]

	



Marfil-Gómez, R.M.; García-Mayor, S.; Morales-Asencio, J.M.; Gómez-González, A.J.; Morilla-Herrera, J.C.; Moya- Suárez, A.B.; Aranda-Gallardo, M.; Rincón-López, T.; Lupiáñez-Pérez, I. Pressure levels in the trochanter area according to repositioning at different degrees of inclination in healthy subjects. J. Tissue Viability 2020, 29, 125–129. [Google Scholar] [CrossRef]

	



Conine, T.A.; Hershler, C.; Daechsel, D.; Peel, C.; Pearson, A. Pressure ulcer prophylaxis in elderly patients using polyurethane foam or Jay® wheelchair cushions. Int. J. Rehabil. Res. 1994, 17, 123–138. [Google Scholar] [CrossRef] [PubMed]

	



Linder-Ganz, E.; Engelberg, S.; Scheinowitz, M.; Gefen, A. Pressure–time cell death threshold for albino rat skeletal muscles as related to pressure sore biomechanics. J. Biomech. 2006, 39, 2725–2732. [Google Scholar] [CrossRef]

	



Cho, K.H.; Yune, S.H.; Lee, H. Effects of mattresses and positioning on interface pressure and skin blood flow. J. Korean Acad. Rehabil. Med. 2010, 34, 214–219. [Google Scholar]

	



Hampton, S. Could lateral tilt mattresses be the answer to pressure ulcer prevention and management? Br. J. Community Nurs. 2017, 22, S6–S12. [Google Scholar] [CrossRef]

	



Moore, Z.; Cowman, S.; Conroy, R. A randomised controlled clinical trial of repositioning, using the 30° tilt, for the prevention of pressure ulcers. J. Clin. Nurs. 2011, 20, 2633–2644. [Google Scholar] [CrossRef]

	



Braden, B.J.; Bryant, R. Innovations to prevent and treat pressure ulcers. Geriatr. Nurs. 1990, 11, 182–186. [Google Scholar] [CrossRef]

	



Harada, C. The Effect of 10-degree leg elevation and 30-degree head elevation on body displacement and sacral interface pressures over a 2-hour period. J. Wound Ostomy Cont. Nurs. 2002, 29, 143–148. [Google Scholar] [CrossRef]

	



Whittemore, R.; Bautista, C.; Smith, C.; Bruttomesso, K. Interface pressure measurements of support surfaces with subjects in the supine and 45-degree Fowler positions. J. ET Nurs. 1993, 20, 111–115. [Google Scholar] [PubMed]

	



Best, K.L.; Desharnais, G.; Boily, J.; Miller, W.C.; Camp, P.G. The effect of a trunk release maneuver on Peak Pressure Index, trunk displacement and perceived discomfort in older adults seated in a high Fowler’s position: A randomized controlled trial. BMC Geriatr. 2012, 12, 72. [Google Scholar] [CrossRef] [PubMed]

	



Sprigle, S.; Dunlop, W.; Press, L. Reliability of Bench Tests of Interface Pressure. Assist. Technol. 2003, 15, 49–57. [Google Scholar] [CrossRef]

	



Peterson, M.J.; Gravenstein, N.; Schwab, W.K.; Van Oostrom, J.H.; Caruso, L.J. Patient repositioning and pressure ulcer risk--monitoring interface pressures of at-risk patients. J. Rehabil. Res. Dev. 2013, 50, 477–488. [Google Scholar] [CrossRef] [PubMed]

	



Schouchoff, B. Pressure Ulcer Development in the Operating Room. Crit. Care Nurs. Q. 2002, 25, 76–82. [Google Scholar] [CrossRef]

	



Landis, E.M. Micro-injection studies of capillary blood pressure in human skin. Heart 1930, 15, 209–228. [Google Scholar]

	



Park, K.H. The supporting surface and its effect in preventing pressure ulcer. J. Korean Wound Manag. Soc. 2015, 11, 97–102. [Google Scholar]

	



Haesler, E.; National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory Panel and Pan Pacific Pressure Injury Alliance. Prevention and Treatment of Pressure Ulcers: Quick Reference Guide. 2019, pp. 14–32. Available online: http://www.internationalguideline.com/static/pdfs/Quick_Reference_Guide-10Mar2019.pdf (accessed on 25 July 2020).

	



Lippoldt, J.; Pernicka, E.; Staudinger, T. Interface Pressure at Different Degrees of Backrest Elevation With Various Types of Pressure-Redistribution Surfaces. Am. J. Crit. Care 2014, 23, 119–126. [Google Scholar] [CrossRef]

	



Jiang, Y.; Ye, Z.P.-P.; You, C.; Hu, X.; Liu, Y.; Li, H.; Lin, S.; Li, J.-P. Systematic review of decreased intracranial pressure with optimal head elevation in postcraniotomy patients: A meta-analysis. J. Adv. Nurs. 2015, 71, 2237–2246. [Google Scholar] [CrossRef]

	



Guo, Y.; Zhao, K.; Zhao, T.; Li, Y.; Yu, Y.; Kuang, W. The effectiveness of curvilinear supine position on the incidence of pressure injuries and interface pressure among surgical patients. J. Tissue Viability 2019, 28, 81–86. [Google Scholar] [CrossRef]

	



Mortada, H.; Malatani, N.; Awan, B.A.; Aljaaly, H. Characteristics of Hospital Acquired Pressure Ulcer and Factors Affecting Its Development: A Retrospective Study. Cureus 2020, 12, 12. [Google Scholar] [CrossRef]








[image: Ijerph 18 09992 g001 550] 





Figure 1. Interface peak pressure over 2 h by position (30° vs. 90° tilting; 0° vs. 30° HOB supine; 30° vs. 45° HOB Fowler’s position). 
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Table 1. General characteristics of study participants.






Table 1. General characteristics of study participants.





	
Group

	
Categories

	
Mean ± SD 1 or N (%)

	
t or x2

	
p




	
A

	
B






	
Laterally inclined

A: 30° tilting (n = 11)

B: 90° tilting (n = 10)

	
Male

	
8 (80.8)

	
6 (54.5)

	
3.6

	
0.058




	
Female

	
2 (20.0)

	
5 (45.5)

	
0.091

	
0.763




	
Age (year)

	
24.00 ± 2.87

	
24.27 ± 2.00

	
−0.26

	
0.802




	
BMI 2

	
23.10 ± 1.86

	
21.52 ± 2.76

	
1.52

	
0.145




	
Supine

A: 0° HOB 3 (n = 11)

B: 30° HOB 3 (n = 11)

	
Male

	
6 (54.5)

	
4 (36.4)

	
0.09

	
0.76




	
Female

	
5 (45.5)

	
7 (63.6)

	
0.82

	
0.366




	
Age (year)

	
22.91 ± 1.87

	
22.64 ± 2.34

	
0.30

	
0.765




	
BMI 2

	
20.47 ± 2.12

	
21.48 ± 3.10

	
−0.8

	
0.385




	
Fowler’s

A: 30° HOB 3 (n = 11)

B: 45° HOB 3 (n = 11)

	
Male

	
5 (45.5)

	
3 (30.0)

	
0.09

	
0.763




	
Female

	
6 (54.5)

	
7 (70.0)

	
0.16

	
0.206




	
Age (year)

	
24.73 ± 1.90

	
23.20 ± 1.69

	
1.94

	
0.068




	
BMI 2

	
22.22 ± 3.09

	
20.27 ± 2.40

	
1.60

	
0.127








1 Standard deviation; 2 Body mass index; 3 Head of bed.
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Table 2. Comparison of peak pressure and risk area ratio between lateral positions with 30° and 90° tilting (N = 21).
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Categories

	
Group

	
Baseline

	
30 min

	
60 min

	
90 min

	
120 min

	
Time

	
Group

	
T*G 3

	
X2(p)




	
Mean ± SD 1 or Median (IQR 2)

	
F(p)






	
Peak

pressure

	
Shoulder

	
30°

	
42.84 ± 4.44

	
44.58 ± 3.20

	
44.97 ± 5.38

	
44.84 ± 6.36

	
46.93 ± 6.42

	
3.631

(0.029)

	
9.083

(0.007)

	
0.856

(0.445)

	




	
90°

	
55.82 ± 12.58

	
55.14 ± 13.35

	
55.94 ± 13.85

	
55.76 ± 9.98

	
62.41 ± 18.49




	
t(p)

	
−3.09 (0.010)

	
−2.44 (0.035)

	
−2.35 (0.038)

	
−3.02 (0.007)

	
−2.51 (0.029)




	
Greater

trochanter

	
30°

	
47.45 ± 11.53

	
49.55 ± 13.59

	
49.87 ± 13.94

	
50.84 ± 14.88

	
50.85 ± 12.52

	
6.350

(0.002)

	
13.446

(0.002)

	
2.473

(0.082)

	




	
90°

	
69.54 ± 19.05

	
74.00 ± 19.63

	
80.73 ± 26.68

	
81.34 ± 21.03

	
79.15 ± 20.61

	




	

	
t(p)

	
−3.18 (0.006)

	
−3.35 (0.005)

	
−3.37 (0.003)

	
−3.87 (0.001)

	
−3.76 (0.002)

	




	
(Total area)

	
30°

	
50.13 ± 11.10

	
51.28 ± 12.79

	
57.96 ± 15.94

	
54.54 ± 16.69

	
54.32 ± 15.94

	

	

	

	




	
90°

	
72.30 ± 16.89

	
76.86 ± 18.03

	
82.26 ± 25.23

	
81.85 ± 20.36

	
82.84 ± 18.97

	

	

	

	




	
Risk area

ratio

	
IP 4 ≥ 30 mmHg

	
30°

	
25.69 ± 4.76

	
27.91 ± 4.72

	
28.73 ± 5.67

	
29.50 ± 5.57

	
29.59 ± 5.00

	
27.032

(<0.001)

	
16.724

(0.001)

	
2.928

(0.026)

	




	
90°

	
34.00 ± 5.51

	
36.20 ± 6.30

	
39.10 ± 6.78

	
39.48 ± 6.83

	
41.32 ± 5.93

	




	

	
t(p)

	
−3.71 (0.001)

	
−3.43 (0.003)

	
−3.82 (0.001)

	
−3.68 (0.002)

	
−4.92 (<0.001)

	




	
IP 4 ≥ 60 mmHg

	
30°

	
0.00 (0.00)

	
0.00 (0.00)

	
0.00 (0.00)

	
0.00 (0.00)

	
0.00 (0.00)

	

	

	

	
8.42 (0.077)




	
90°

	
1.00 (2.07)

	
1.38 (1.98)

	
1.52 (1.48)

	
1.56 (1.54)

	
1.85 (2.51)

	

	

	

	
4.52 (0.341)




	

	
Z(p)

	
−2.61 (0.009)

	
−3.04 (0.002)

	
−2.76 (0.006)

	
−2.81 (0.005)

	
−3.17 (0.002)

	

	

	

	








1 Standard deviation; 2 Interquartile Range; 3 Time*Group; 4 Interface Pressure.
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Table 3. Comparison of peak pressure and risk area ratio between a supine position with 0° and 30 ° HOB elevation (N = 22).
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Categories

	
Group

	
Baseline

	
30 min

	
60 min

	
90 min

	
120 min

	
Time

	
Group

	
T*G 3

	
X2(p)




	
Mean ± SD 1 or Median (IQR 2)

	
F(p)






	
Peak

pressure

	
Scapula

	
0°

	
41.56 ± 17.18

	
48.11 ± 12.26

	
50.13 ± 11.25

	
46.71 ± 5.74

	
50.46 ± 9.49

	
2.807

(0.063)

	
0.246

(0.625)

	
0.235

(0.824)

	




	
30°

	
46.23 ± 10.62

	
50.88 ± 14.14

	
52.12 ± 16.42

	
47.11 ± 9.44

	
51.03 ± 13.12




	
Sacrum

	
0°

	
52.41 ± 3.89

	
57.95 ± 6.98

	
57.88 ± 7.56

	
62.82 ± 9.76

	
65.05 ± 8.95

	
30.677

(<0.001)

	
2.147

(0.158)

	
0.595

(0.590)

	




	
30°

	
56.47 ± 8.40

	
62.44 ± 10.17

	
65.53 ± 10.83

	
67.78 ± 10.48

	
70.03 ± 12.24

	




	
(Total area)

	
0°

	
54.87 ± 7.11

	
61.06 ± 9.71

	
61.09 ± 9.63

	
67.06 ± 17.66

	
66.13 ± 7.53

	

	

	

	




	
30°

	
60.35 ± 9.25

	
65.87 ± 9.05

	
66.80 ± 12.06

	
67.78 ± 10.48

	
71.51 ± 11.53

	

	

	

	




	
Risk area

ratio

	
IP 4 ≥ 30 mmHg

	
0°

	
28.75 ± 6.75

	
32.86 ± 6.07

	
34.07 ± 4.12

	
34.85 ± 5.03

	
34.68 ± 5.15

	
0.716

(<0.001)

	
1.002

(0.329)

	
0.404

(0.805)

	




	
30°

	
27.78 ± 4.28

	
30.57 ± 4.67

	
31.64 ± 5.40

	
32.43 ± 5.72

	
32.33 ± 5.49

	




	
IP 4 ≥ 60 mmHg

	
0°

	
0.00 (0.00)

	
0.00 (0.44)

	
0.00 (0.43)

	
0.41 (0.96)

	
0.79 (2.52)

	

	

	

	
11.03 (0.026)




	
30°

	
0.00 (0.96)

	
1.11 (1.75)

	
1.06 (2.79)

	
1.61 (2.22)

	
1.42 (2.51)

	

	

	

	
19.31 (<0.001)




	

	
Z(p)

	
−1.47 (0.142)

	
−2.14 (0.032)

	
−2.14 (0.032)

	
−2.10 (0.036)

	
−1.91 (0.056)

	

	

	

	








1 Standard deviation; 2 Interquartile Range; 3 Time*Group; 4 Interface Pressure.
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Table 4. Comparison of peak pressure and risk area ratio between Fowler’s positions with 30° and 45° HOB (N = 22).
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Categories

	
Group

	
Baseline

	
30 min

	
60 min

	
90 min

	
120 min

	
Time

	
Group

	
T*G 3

	
X2(p)




	
Mean ± SD 1 or Median (IQR 2)

	
F(p)






	
Peak

pressure

	
Scapula

	
30°

	
50.66 ± 8.27

	
53.19 ± 10.54

	
54.94 ± 7.94

	
58.80 ± 9.10

	
60.10 ± 11.13

	
5.404

(0.001)

	
0.002

(0.964)

	
0.854

(0.496)

	




	
45°

	
51.32 ± 11.65

	
56.87 ± 11.64

	
55.84 ± 9.57

	
56.31 ± 11.06

	
58.26 ± 13.38




	
Sacrum

	
30°

	
55.19 ± 12.39

	
58.62 ± 14.39

	
58.76 ± 13.45

	
58.29 ± 13.56

	
58.06 ± 14.10

	
7.954

(0.002)

	
1.244

(0.279)

	
2.796

(0.083)

	




	
45°

	
60.65 ± 18.96

	
64.31 ± 20.77

	
66.59 ± 22.40

	
68.21 ± 19.29

	
70.24 ± 20.92

	




	
(Total area)

	
30°

	
59.80 ± 11.96

	
66.58 ± 16.06

	
67.45 ± 14.95

	
65.63 ± 15.11

	
66.03 ± 15.17

	

	

	

	




	
45°

	
66.73 ± 16.76

	
72.71 ± 19.86

	
74.03 ± 21.73

	
73.79 ± 17.77

	
79.65 ± 18.67

	

	

	

	




	
Risk area

ratio

	
IP 4 ≥ 30 mmHg

	
30°

	
26.25 ± 5.74

	
28.46 ± 6.62

	
29.90 ± 6.18

	
30.37 ± 5.86

	
31.72 ± 6.11

	
20.020

(<0.001)

	
0.716

(0.408)

	
1.395

(0.257)

	




	
45°

	
29.24 ± 4.65

	
31.06 ± 4.47

	
31.38 ± 4.75

	
32.12 ± 4.61

	
32.51 ± 4.11

	




	
IP 4 ≥ 60 mmHg

	
30°

	
0.30 (0.52)

	
0.34 (1.38)

	
0.51 (1.02)

	
0.70 (1.27)

	
0.76 (1.63)

	

	

	

	
3.29 (0.510)




	
45°

	
0.39 (0.59)

	
0.75 (0.77)

	
0.70 (1.04)

	
0.60 (1.14)

	
1.04 (0.94)

	

	

	

	
6.47 (0.167)




	

	
Z(p)

	
−0.69 (0.491)

	
−0.18 (0.858)

	
−0.18 (0.859)

	
−0.36 (0.722)

	
−0.21 (0.831)

	

	

	

	








1 Standard deviation; 2 Interquartile Range; 3 Time*Group; 4 Interface Pressure.
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