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Introduction.

Comparisons of the efficacy and effectiveness of pressure-redistributing (PR) patient support surfaces have been reported for thirty years (Redfern et al 1976, Exton-Smith et al 1982, Clark 1991, Cullum et al 2005 among many others).  Ideally these reports would summarize the outcomes of well-executed randomized controlled trials (RCT) however the pitfalls inherent in such studies have been highlighted (Bliss 1994) and although exceptions exist (for example Nixon et al 2006) the majority of RCTs comparing support surfaces are methodologically weak limiting their value when selecting between available PR support surfaces.  Predominantly comparison of support surfaces has been based on the measurement and reporting of surrogate outcome measures and in particular the collection of contact (interface) pressure data.  While contact pressure is an important parameter knowledge of the pressures applied by a support surface may not predict its effectiveness (Clark 1997) and as such reports comparing contact pressures upon different support surfaces should not be used to directly infer differences in clinical effectiveness.  Such contact pressure measurements act solely to highlight potential differences between support surfaces that should be further explored through robust clinical studies.  One variable that may affect contact pressure is the bedding used upon the PR support surface given that it is unlikely that patients will rest directly upon the mattress surface as takes place in many volunteer studies.  Clark and Andrews (1990) noted the effect tightly drawn bed sheets may play in reducing the apparent benefits of PR support surfaces in terms of their ability to redistribute contact pressure away from vulnerable anatomical sites.  This report compares the effect of two different bed sheets (referred to as standard or fitted in this report) upon contact pressures measured at various anatomical sites as human volunteers rested upon 4 different support surfaces.  The main objective of the investigation was to identify whether bed sheets may act to increase the contact pressures applied by the four bed surfaces and whether any increases could be modified through the use of fitted bed sheets.

Methodology
The four support surfaces included a foam mattress, an air-filled static mattress overlay placed upon the foam mattress and two alternating pressure replacement mattresses Figures 1 to 4.  All mattresses were placed upon an articulating bed frame (Hill-Rom Class 1 IPX4 Type B).  During pressure measurement the support surfaces were either left without a covering sheet, or covered with two forms of bed sheet (MIP Smart Sheet SK7000B (fitted sheet) or UK standard flat 50/50 poly cotton sheet (standard sheet)).  Ten human volunteers 5 male and 5 female aged between 18 and 50 were invited to rest in either a supine or 45 degree inclined position on each of the four surfaces.  The order of bed mattress and bed sheet to be used in each set of pressure measurements was selected following a predetermined randomization process.  The inclination of the articulating bed frame to achieve the 45 degree inclined position was determined using the control system of the bed frame.  All measurements within subjects were performed upon a single day.  Where subjects lay in a supine position they rested flat on their backs, with feet no more than shoulder width apart and their arms resting by their side.  Following the supine pressure measurements the bed frame was positioned to provide subjects with a 45 degree inclined back rest and all pressure measurements were then repeated.  Contact pressure was measured using the Oxford Talley Pressure Monitor Mark II (Talley Medical Ltd, UK, Figure 5) which used a small area array composed of 12 individual air filled pressure sensors to record the pressure applied over the anatomical locations under investigation [Sacrum, right buttock and right heel].  During measurement the heel rested upon sensor 8 and all contact pressure measurements described in this report including those made at the sacrum and buttock were gathered from sensor number 8.  All subjects were asked to lie upon the two dynamic mattresses/overlays for two complete alternating cycles prior to measurements being recorded during the third cycle.  On static surfaces subjects were asked to lie for five minutes before a five minute period of contact pressure data recording was performed.  During the pressure measurements subjects were asked to wear loose-fitting, non-seamed trousers.  Between each support surface subjects were invited to walk for five minutes, moving around the laboratory. All measurements were performed within the Physical Measurement laboratory of the Wound Healing Research Unit.

Prior to each set of contact pressure measurements the pressure sensors were calibrated against the application of known pressures through an inflatable sac that surrounded the sensor pad.  Figure 6 shows a typical calibration curve.

Given that this project did not recruit patients but only considered human volunteers the project protocol was approved by the appropriate ethical committee within Cardiff University and the full protocol is shown as Appendix 1, and approval for the project shown in Appendix 2.

Figure 1.   Alternating Pressure Replacement Air Mattress, referred as mattress A within the report.
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Figure 2.  Static air filled mattress overlay, referred as mattress B within the report.
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Figure 3.  Foam mattress, referred to as mattress C within the report.
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Figure 4.  Alternating Pressure Replacement Air Mattress, referred as mattress D within the report.
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Figure 5.  Oxford Talley Pressure Monitor sensor array used to measure contact pressure.

[image: image5.emf]
Figure 6.  Typical calibration curve showing the output from the Talley Oxford Pressure Monitor against applied pressure.
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Results

Between January and March 2008 ten volunteers were recruited with contact pressure measurements performed upon the four test support surfaces.  The subjects ranged in age from 28 to 49 years (mean age 42.2 years, standard deviation (SD) 7.2).  Five subjects were male.  The subjects ranged in Body Mass Index (BMI) from 17.0 to 35.5, the mean (SD) BMI was 26.2 (5.4).  

Table 1 illustrates the mean contact pressures recorded upon each support surface in either the supine or 45 degree inclined position with either no intervening sheet or the standard or fitted sheet in place.  In certain circumstances the mean maximum pressure appeared to be lower than the mean minimum applied pressure! This tended to occur where the inter-subject variability within the measured data was greatest and simply reflects the tendency of the data in these circumstances to approach a non-normal distribution.  

Table 2 highlights statistically significant differences between the four bed surfaces where contact pressure was measured without a bed sheet between the sensor and the bed surface.  It should be noted that given the potential number of comparisons between anatomical sites, mattresses and bed sheets caution must be exercised when discussing apparently statistically significant differences between specific comparisons.  For example, adopting a significance level of 0.05 may lead to 5 spurious ‘significant’ results in every 100 comparisons.  Accepting this limitation upon the study there were no significant differences between the maximum and the minimum contact pressures applied to the heels across all four bed surfaces regardless of whether subjects rested prone or in the 45 degree inclined position.  This may simply reflect the wide inter-subject variability between the measured heel contact pressures and the relatively small number of subjects recruited to the study.  At the sacrum and buttock the main significant differences in measured contact pressure were noted within the minimum contact pressures applied by the static and dynamic surfaces with a tendency for the dynamic support surfaces to apply lower minimum pressures to both the sacrum and buttock.  This trend was particularly seen in mattress A which applied lower minimum contact pressures than the two static mattresses at the sacrum while subjects rested prone or in a 45 degree inclined position.  Considering the maximum contact pressures applied mattress D (the second APAM used in this study) appeared to apply lower maximum contact pressures while subjects rested prone both at the sacrum and the right buttock.  These results would indicate that the two APAM’s tended to work differently with mattress A applying higher maximum contact pressures and lower minimum pressures than did mattress D.

Table 2.  Statistically significant differences between the contact pressures exerted by the four bed support surfaces where no sheet was introduced between the pressure sensor and the bed surface.

	
	Mattress

	
	A
	B
	C
	D

	Sacrum
	Prone
	Max
	>D **
	>D *
	>B *

>D *
	

	
	
	Min
	
	>A *
	>A **

>B *

>D **
	

	
	45 degree
	Max
	>D **
	
	
	

	
	
	Min
	
	>A **
	>A *
	>A *

	Buttock
	Prone
	Max
	>D *
	>D **
	
	

	
	
	Min
	
	>A **

>D **
	>A **
	>A **

	
	45 degree
	Max
	
	>A **
	>D *
	

	
	
	Min
	
	>A **
	>A *

>D *
	>A **

	Heel
	Prone
	Max
	
	
	
	

	
	
	Min
	
	
	
	

	
	45 degree
	Max
	
	
	
	

	
	
	Min
	
	
	
	


Explanation for the table presentation – where a difference is reported for example A>D this means that for the specific anatomical location and body posture mattress A applied higher contact pressures than did mattress D.  The asterisks are used to denote the level of statistical significance where * denotes a p value under 0.05 and ** marks a p value <=0.01.

The introduction of a standard sheet between the pressure sensor and surface of the mattress did not markedly increase contact pressure at the sacrum either in a prone or 45 degree inclined position with none of the comparisons between anatomical sites of bed mattresses achieving statistical significance.  On mattress A the maximum contact pressures applied at the buttock were higher with the introduction of a sheet where subjects rested in the 45 degree inclined position (t=2.34, df=9, p<0.05).  No other comparison performed using contact pressure data recorded at the buttock achieved statistical significance.  Contact pressures at the heel increased with the introduction of a standard sheet on mattresses B and C (mattress B maximum and minimum heel contact pressures were elevated while subjects were prone, (maximum t=3.68, df=9, p<0.01; minimum t=3.45, df=9, p<0.01) while the minimum heel contact pressures measured on mattress C were higher while subjects were in the 45 degree inclined position, t=2.42, df=9, p<0.05).  This elevation of heel contact pressures following the introduction of a standard bed sheet was not seen on mattress D where both maximum and minimum heel contact pressures while resting in the 45 degree inclined position were higher where no sheet was in place (maximum pressure t=-2.79, df=7, p<0.05 and minimum pressure t=-2.68, df=7, p<0.05).  This apparently anomalous result may mark that heel contact pressure data from two subjects upon mattress D were unavailable following sensor malfunctions).

Introduction of a fitted sheet over the four bed mattresses did not significantly change the contact pressures measured on mattresses A, B and D.  On mattress C contact pressures at the sacrum and right buttock were higher following introduction of the fitted sheet while subjects rested in the 45 degree inclined position (sacrum maximum contact pressure t=-2.59, df=9, p<0.05, minimum contact pressure t=-2.42, df=9, p<0.05; buttock maximum contact pressure t=-3.88, df=8, p<0.01 and minimum contact pressure t=-3.04, df=8, p<0.05).

Directly comparing the contact pressures recorded while subjects rested on either the fitted or standard sheet showed few significant differences with no differences noted on mattresses C and D.  On mattress B the minimum contact pressures under the buttock were higher while subjects were prone upon the fitted sheet (t=-2.43, df=9, p<0.05) however the magnitude of the increase was minimal (mean minimum contact pressure fitted sheet 27.5mmHg, mean minimum contact pressure standard sheet 25.8 mmHg)!  In the final difference the maximum sacral contact pressures while prone were higher where mattress A was covered with a standard sheet (t=2.96, df=9, p<0.05) with the mean maximum contact pressure (standard sheet) was 32.9 mmHg and the mean contact pressure (fitted sheet) was 26.5 mmHg.

Discussion.
This study has reported contact pressures measured upon four bed mattresses while subjects rested either in a prone or 45 degree inclined position with no bed sheet, or a standard sheet or a fitted sheet between the sensor and the bed surface.  Given the multiple comparisons undertaken with the measured contact pressure data some caution has to be exercised when considering the apparent statistically significant results.  However it can be seen that the contact pressure measurement sensor and protocol was sufficiently sensitive to detect lower contact pressures when the air cells of the APAM systems used in this study were deflated compared with the static mattresses.  Apparent differences in the inflation and deflation characteristics of the two APAM mattresses were also detected with one applying higher maximum and lower minimum contact pressures than the alternative system included in this study.  However heel contact pressure measurements were similar across all bed mattresses this observation may perhaps be a consequence of the wide inter-subject variability in these measurements?  The introduction of sheet material between the sensor and the bed surface did not markedly affect the measured contact pressures except in limited circumstances and most clearly at the heels where a standard sheet had been placed on the bed surface.  Use of a fitted sheet did not significantly change the measured contact pressures upon three of the four bed surfaces with limited increases at the sacrum and buttock while subjects rested on the foam mattress in a 45 degree inclined position.

Based on the contact pressure measurement data gathered during this study the introduction of a loose standard sheet did not affect the performance of the support surfaces except perhaps at the heels whereas the use of a fitted sheet did not appear to create any consistent change in the contact pressures applied by the four mattress surfaces.

Table 1.  Mean contact pressures measured from ten volunteers resting upon four support surfaces in either a supine or 45 degree inclined posture with no intervening sheet, a standard sheet or a fitted sheet between the pressure sensor and bed surface.

	Support surface
	Bed sheet
	Contact Pressure (mmHg), mean (SD)

	
	
	Sacrum
	Right buttock
	Right heel

	
	
	Supine
	45 degree
	Supine
	45 degree
	Supine
	45 degree

	
	
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min

	A
	No sheet
	27.9 (3.4)
	14.2 (10.7)
	32.4 (6.5)
	19.2 (10.2)
	26.1 (4.4)
	12.3 (7.6)
	31.5 (7.8)
	21.7 (14.8)
	95.0 (30.9)
	88.6 (29.6)
	164.5 (52.7)
	147.2 (46.1)

	B
	
	26.3 (2.7)
	24.6 (2.9)
	30.1 (4.0)
	28.9 (3.9)
	27.6 (4.2)
	26.5 (4.4)
	37.6 (4.3)
	36.6 (4.7)
	113.1 (42.9)
	110.8 (41.9)
	155.2 (59.1)
	147.0 (54.9)

	C
	
	32.9 (8.9)
	31.8 (8.9)
	33.7 (11.6)
	32.4 (11.4)
	28.4 (7.9)
	26.5 (7.1)
	42.0 (13.2)
	40.2 (13.5)
	119.4 (29.2)
	115.5 (29.5)
	169.9 (49.2)
	159.5 (42.9)

	D
	
	20.1 (5.9)
	19.1 (5.6)
	27.9 (8.2)
	29.6 (10.8)
	23.3 (3.8)
	22.2 (3.5)
	35.4 (8.3)
	36.2 (4.9)
	122.3 (50.5)
	119.3 (51.3)
	168.2 (51.6)
	163.9 (53.0)

	A
	Standard
	32.9 (7.9)
	11.0 (10.2)
	29.0 (7.6)
	15.1 (7.4)
	26.0 (4.5)
	15.6 (8.0)
	35.8 (4.5)
	26.7 (6.7)
	104.6 (25.4)
	97.6 (31.1)
	146.8 (57.2)
	137.2 (54.5)

	B
	
	27.0 (4.2)
	26.5 (4.5)
	30.6 (8.2)
	30.1 (8.2)
	27.0 (3.9)
	25.8 (3.9)
	37.3 (6.3)
	36.0 (5.6)
	151.3 (59.1)
	147.9 (59.5)
	177.5 (47.2)
	172.4 (45.2)

	C
	
	31.8 (6.9)
	29.5 (7.9)
	40.9 (15.9)
	39.7 (15.6)
	29.0 (6.8)
	28.1 (7.1)
	39.3 (13.1)
	38.0 (13.2)
	135.7 (53.2)
	129.4 (50.3)
	198.8 (33.4)
	191.6 (32.6)

	D
	
	21.4 (5.5)
	20.8 (5.9)
	29.7 (13.3)
	31.7 (14.3)
	22.4 (6.2)
	21.1 (6.2)
	35.3 (5.7)
	33.0 (7.3)
	106.6 (62.5)
	103.0 (63.7)
	109.6 (49.5)
	106.7 (48.3)

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Support surface
	Bed sheet
	Contact Pressure (mmHg), mean (SD)

	
	
	Sacrum
	Right buttock
	Right heel

	
	
	Supine
	45 degree
	Supine
	45 degree
	Supine
	45 degree

	
	
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min
	Max
	Min

	A
	Fitted
	31.8 (7.4)
	15.3 (10.5)
	28.8 (5.1)
	9.4 (8.2)
	26.5 (3.5)
	14.9 (6.1)
	34.4 (7.3)
	23.7 (7.1)
	86.1 (22.4)
	79.6 (24.6)
	143.8 (48.7)
	129.8 (49.9)

	B
	
	27.6 (3.6)
	26.7 (3.6)
	28.8 (11.9)
	28.4 (12.1)
	28.7 (3.9)
	27.5 (3.7)
	38.0 (3.9)
	37.4 (3.9)
	134.9 (50.2)
	131.6 (50.5)
	158.5 (60.3)
	154.5 (58.9)

	C
	
	33.0 (5.5)
	31.9 (5.5)
	45.0 (10.0)
	43.3 (10.9)
	30.2 (5.8)
	29.6 (5.4)
	54.3 (15.8)
	51.7 (15.7)
	129.5 (63.2)
	124.9 (60.2)
	187.6 (50.5)
	176.2 (44.7)

	D
	
	22.3 (3.9)
	21.1 (3.9)
	29.7 (4.6)
	29.0 (4.4)
	23.1 (3.4)
	22.0 (3.1)
	31.3 (6.8)
	30.3 (7.0)
	124.0 (62.9)
	118.9 (59.2)
	137.4 (52.2)
	133.6 (48.5)


Table 1 (continued).  Mean contact pressures measured from ten volunteers resting upon four support surfaces in either a supine or 45 degree inclined posture with no intervening sheet, a standard sheet or a fitted sheet between the pressure sensor and bed surface.
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