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ABSTRACT
Aims: To explore correlations between peak pressure and pressure gradient at 1.5 cm and 2.5 cm, and selected risk factors for pressure injury 
including Waterlow risk assessment score and body mass index.

Background: Accurately predicting pressure injury formation remains elusive. Exploring pressure gradients through pressure mapping systems 
may increase understanding of suspected deep pressure injury development.

Methods: A nested prospective correlational exploratory study recruited 120 medical and surgical patients with convenience sampling. Patients 
were positioned supine with a 30-degree head elevation, on a computer-linked pressure sensor mapping mat. Mean peak interface pressure and 
pressure gradients were calculated.

Results: Large correlation coefficients were identified between peak interface pressure and pressure gradients at distances of 1.5 cm and 2.5 
cm, indicating that the area at the base of the ‘cone-like’ pressure damaged area remained essentially constant, rather than increasing with peak 
interface pressure.

Conclusions: Pressure is experienced in a ‘V’ shape rather than a ‘U’ shape. Additionally, the area subjected to the highest pressure gradient 
is restricted in size and the impact of pressure reduces with distance from the point of peak interface pressure. The results suggest that with 
increasing peak interface pressure, the surrounding area becomes subject to higher gradients and shearing forces.

Relevance to clinical practice: Increased use of pressure mapping systems in the clinical setting shows educational promise through 
visualisation of factors affecting deep tissue injury.

Keywords: Pressure injury, pressure gradient, peak interface pressure, pressure mapping.

WHAT THIS PAPER CONTRIBUTES TO THE 
WIDER GLOBAL CLINICAL COMMUNITY

• Visualising peak interface pressure adds to educational 
packages on prevention.

• Supports the notion that conical pressure distribution is 
more likely seen in suspected deep pressure injuries.

• ‘Cone-like’ pressure damage remains essentially 
constant rather than increasing as the peak interface 
pressure increases.

INTRODUCTION
Pressure injuries have been recognised as a patient safety problem 
and as a major challenge for health care professionals and health care 
systems1-4. They have been identified as a nursing-specific clinical 
indicator and an indicator for the quality of care provided by health 
services5,6.
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Pressure injuries have been assessed as extending the length of 
hospital stay for affected patients, impacting on hospital bed 
availability and reducing overall hospital efficiencies. Data from 
United States hospitals indicate that pressure injury can increase a 
patient’s hospital stay by up to five times2,7 and similar statistics are 
identified in many other countries8.

BACKGROUND
Pressure and shear are important factors in pressure injury 
development. Successful prevention and treatment of pressure injury 
requires an understanding of their pathophysiology. The forces 
of concern for pressure injury formation are pressure, shear and 
friction, with pressure widely considered to be the most important7-10.

A key component is the reduction of mobility associated with 
unrelieved pressure. Pressure results in compression of the skin 
and underlying tissue, which then leads to capillary occlusion and 
ischaemia if prolonged, with the greatest destruction recognised 
to be at the bony interface11. The probability of pressure injury 
development is known to increase with duration and magnitude 
of pressure involved12, which, in turn, depends on individual tissue 
tolerance13. Dependent on duration, both high and low pressures 
can lead to pressure injury development14. Repeated pressure is also 
important, particularly when repeated within a time period that is 
inadequate for the tissue to recover15,16.

Throughout the paper we refer to “pressure injury”17 as this 
classification describes tissue loss rather than ulceration. The 
term has been taken up by the Australian Wound Management 
Association (AWMA) and used in the Pan Pacific guidelines18. 
The pressure at the skin surface acts perpendicularly on the 
tissue and can be measured as interface pressure, although the 
value of interface pressure alone as a predictor of pressure injury 
development has been questioned19,20.

Prolonged pressure is understood to cause ischaemic changes at and 
around the point of the pressure attack1. High pressure gradients 
have been determined to generate large shear forces and hence 
contribute to breakdown of the skin. Swain and Bader20 have also 
highlighted the effect on cells and subsequent cell breakdown are 
more pronounced at the edges of an area of compression where 
pressure gradients are greatest.

The pressure distribution from a force applied to the body will 
be heterogeneous in nature, resulting in different areas suffering 
differing amounts of interface pressure19. These differing pressures 
give rise to shear, a force that acts parallel to tissue. The areas with 
the highest rate of change of pressure over distance, or the highest 
pressure gradient, will experience the highest levels of shear strain, 
and hence be most susceptible to pressure injury development10,19,21.

Research highlights that high pressure gradients are known to 
generate large shear forces22-24. A number of authors have noted that 
the effects of pressure are magnified in the presence of shear1,13,25-27. 
Shear occurs when deep fascia and skeleton move over the skin and 
upper fascia, resulting in destruction of the vascular supply in the 

subcutaneous tissues14. The concept of a deep tissue injury is that 
injury originates deep within the tissue rather than at the surface 
and thereby is largely unseen and difficult to detect until significant 
damage has taken place.

In 1984, McClemont described a situation where the opposing 
forces from the skin and the bone result in a cone-shaped pressure 
gradient2,28. Within this cone (also called the “McClemont cone”), 
the external pressure can increase by a factor of between three and 
five if the pressure site sits over a bony surface, for example the 
sacrum. Internal deformation of the tissue will be affected by the 
different structure and mechanical nature of the bones and tissue 
layers. These differences result in a heterogeneous distribution of the 
deformation, areas of differing interface pressure within the tissue 
and the formation of pressure gradients19.

Interface pressure mapping systems, typically comprised of multiple 
“sensels” across a measuring mat, enable the visualisation of the 
distribution of the pressure at the interface between the skin 
and the supporting surface. Therefore, these systems provide the 
means to determine areas of tissue that are under the greatest 
stress by highlighting rates of change of pressure (the interface 
pressure gradient) through visual means. Pressure mapping provides 
numerical and visual real-time data on the interface between 
the body and support surfaces. The technology can be used as a 
reliable device in guiding pressure relieving interventions. Visual 
interpretation of pressure mapping data can be used as a research 
tool and to enhance educational and teaching programs.

Application of systems has been limited in clinical settings. No 
controlled investigations have been carried out on pressure and the 
application time needed to cause pressure injury development29. 
The relationship between interface pressure and pressure injury 
prevention, including variables such as acceptable time and pressure 
limits, requires further research29. It is accepted that pressure 
monitoring at the interface between the body and the support 
system is important in the assessment of tissue viability30.

Although interface pressure is the common parameter used to 
compare support surface performance, the relationship between 
interface pressure and pressure injury incidence has not been 
adequately studied31. Limitations to application in clinical practice 
include inconsistencies in the ways that manufacturer devices 
display pressures, as well as variation in sensory accuracy and drift. 
Most health clinicians are not trained in how to use this technology 
in clinical practice.

Under-explored areas include measurement of pressure gradients 
around peak interface pressure point. Exploration of these areas 
may lead to enhanced understanding of suspected deep tissue injury 
(SDTI), as SDTI occurs in tissue that has been subjected to pressures 
that exceed the tolerance level of muscle tissue32. The aim of the 
study was to explore correlations between two interface pressure 
mapping indices (peak pressure and pressure gradient at 1.5 cm 
and 2.5 cm) and selected risk factors for pressure injury; namely the 
Waterlow risk assessment score, weight and body mass index (BMI).
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METHOD
Design and materials

The research was a nested exploratory study that utilised a prospective 
correlational design33. The larger study was a partnership with a 
mattress manufacturing company funded through an Australian 
national research and development grant. Funding was withdrawn 
before completion of the study because the industry partner became 
ineligible for the funding (due to international takeover). The larger 
study sought to compare two interventional mattress types and 
required a sample size of 140 patients. We used data from patients 
already enrolled prior to the cessation of the study.

Participants

The study took place at a 450-bed public tertiary referral hospital and 
a community hospital in the same town with an approximate capacity 
of 300 beds, treating both public and private patients33. Medical and 
surgical clinical areas within both hospitals were used for this study. 
This mix of clinical areas enabled recruitment of adult patients with 
a diverse range of conditions, including those who were acutely and 
chronically ill. All had to be able to tolerate moving from their bed to 
the study bed and to tolerate lying still for approximately 10 minutes 
at a time. A convenience sample of 120 medical and surgical patients 
was used for the study. The main inclusion criteria were patients who 
were: (1) sixteen years and older; (2) identified as an inpatient and 
occupied a bed; and (3) who had either no pressure injuries or were 
identified as having a pressure injury on the sacral region which did 
not exceed Category 1 as defined by the AWMA 2012 Guidelines18.

Ethics approvals were gained from the Deakin University Human 
Research Ethics Committee, the ACT Human Research Ethics 
Committee, and the Calvary Healthcare Human Research Ethics 
Committee.

Procedure

Informed consent was obtained from all participants. Patients were 
then positioned on sacral mapping equipment, supine on a standard 
hospital mattress and bed with an elevation of 30% at the head. 
Patients who could not tolerate this arrangement and those who 
could not lie completely still for the length of time required for data 
collection were excluded from the study.

Data were collected within the larger Mapping and Intervention for 
Prevention of Pressure Injury (MIPPI) study conducted between 
July 2004 and April 2005. This particular investigation further 
analysed the raw MIPPI data to determine pressure gradients and 
to conduct correlational analysis between the interface pressure 
mapping indices and the selected risk factors.

A data collection tool was designed by the investigating team and 
utilised to record clinical and demographic data taken verbally 
from the patient and extracted from the clinical notes. The tool was 
validated in a pilot study as part of the MIPPI study.

Patients were measured for their height status and weighed. Patients 
with a BMI in the range of 18.5–25 are considered to have a 

healthy weight/height ratio. Individuals with a BMI greater than 
25 are considered to be overweight, whilst those under 18.5 are 
considered underweight34. Inter-rater reliability was assessed for all 
research nurses to ensure consistent data collection practices. This 
assessment covered the use of the Waterlow risk assessment tool, the 
calibration of the interface pressure mapping system and set-up of 
the Tekscan ClinseatTM software. The inter-rater reliability tests were 
conducted prior to the commencement of data collection.

To assess capability in the use of the Waterlow risk assessment 
tool, a written multiple-choice test was given to all research nurses 
prior to commencement of the study, requiring a pass rate of 100%. 
All data research nurses achieved this requirement. During the 
data collection process, random testing using the initial test was 
undertaken on all data collectors on a monthly basis by a member 
of the investigating team and a 100% pass rate was required and 
achieved.

The major equipment employed during the study comprised the 
designated standard hospital mattress (reactive) and hospital bed, 
and the Tekscan ClinseatTM pressure mapping system. This system 
comprised Microsoft WindowsTM-based ClinseatTM software on 
a dedicated computer laptop, a sensor mat, a parallel interface 
module and the Tekscan handle33. A designated study mattress was 
used to ensure standardisation of the data collection processes and 
consistency of study equipment as it was impossible to accurately 
assess the age of mattresses already circulating within the hospital 
system.

The Tekscan ClinSeatTM system generated data over a user-selected 
period at one-minute intervals. The results of each measurement 
were a complete pressure map of the interface pressure across the 
sensor mat. The ClinseatTM system provided a variety of ways in 
which to view the results of measured interface pressure data. In 
this study the 2D (two-dimensional) Contours View, the 3D (three-
dimensional) Wireframe View and the Peak Interface Pressure vs. 
Time Plot were utilised35.

Ten separate mapping measurements were taken for the point of 
peak interface pressure from which the mean peak interface pressure 
(PIP) and pressure gradients were calculated. Two-dimensional 
contours views and three-dimensional Wireframe Views were 
used in data collection. Pressure gradient is the difference between 
pressure at the peak point and a point a specified distance away (1.5 
or 2.5 cm for this study). The steepest gradients are not necessarily 
in the same direction but are where the greatest gradient is around 
the point or PIP.

Measurements to determine gradients were taken for each of the 
10 recordings for each patient and averaged to determine a single 
pressure gradient for each patient at 1.5 cm and 2.5 cm using the 
following approach:

1. The peak interface pressure and the (xp, yp) position of the peak 
interface pressure point were recorded.

2. The difference in pressure between the point of peak interface 
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pressure (PIP) and that at 1.5 cm and 2.5 cm (DPn) was simply 
determined from:

DP1 = PIP – P1.  (Equation 1)

DP2 = PIP – P2.  (Equation 2)

3. The distance (Dn) between the point of peak interface pressure 
and the 1.5 cm and 2.5 cm measurements was obtained from 
the following equations:

D1 = square root ((x1 – xp)
2 + (y1 – yp)

2)  (Equation 3)

D2 = square root ((x2 – xp)
2 + (y2 – yp)

2)  (Equation 4)

4. The pressure gradient (Gn) in mmHg/cm was then obtained 
by

G1 = DP1/D1 (Equation 5)

G2 = DP2/D2 (Equation 6)

5. The gradient for each of the 10 pressure measurements was 
individually determined at 1.5 cm and 2.5 cm from the peak 
interface pressure site, and averaged to arrive at the recorded 
pressure gradients for each patient.

Analysis

SPSS v16 was used for all analyses. The complete set of variables as 
previously described was individually explored for normality using 
the Kolmogorov-Smirov Test (K-S Test). As initial tests indicated 
that none of the variables were normally distributed the data were 
transformed using a logarithmic transformation (base 10) and 
retested. The logarithmically transformed weight, peak interface 
pressure, gradient 1.5 cm and 2.5 cm were found to be normally 
distributed. The transformed BMI and Waterlow risk assessment 
tool scores were not normally distributed.

A series of correlation tests were conducted on all variables to 
determine the strength and direction of the linear relationship 
between pairs of variables. The Pearson product moment 
correlation coefficient was used for variables that were normally 
distributed. As BMI and Waterlow risk scores were not normally 
distributed Spearman’s rank-order correlation was employed 
to assess correlations involving these variables. The strength of 
the correlations observed were assessed from the coefficient of 
correlation (r) as being (1) small for r between 0.1 and 0.29, (2) 
medium for r between 0.3 and 0.49 and (3) large for r between 0.5 
and 1.036.

RESULTS
One hundred and twenty-six participants consented to participate 
and 124 completed the trial. Data from four further participants 
were excluded due to erroneous or missing data. The demographic 
and clinical profile of the final 120 patients is presented in Table 1.

The mean peak interface pressures and gradients recorded are 
shown in Table 2. As can be seen from the table, the mean pressure 
reduces as the distance from the peak interface pressure reduces.

Table 1: Demographic characteristics compared according to pressure injury risk category

Characteristics Number of patients 
(% of sample)

Mean (SD) Median
(min, max)a

Mode

Risk category
Not at risk 55 (46)
At risk 65 (54)

Not at risk
Females 27 (49)
Males 28 (51)
Age (years) 50.6 (18.97)
Risk score 6 (2, 9) 8

At risk
Females 25 (38)
Males 40 (62)
Age (years) 68 (12.7)
Risk score 14 (10, 28) 17

aMedians provided for Waterlow risk assessment tool score because not normally distributed

Table 2: Mean peak interface pressures and gradients around peak 
interface pressure point

Position Mean 
pressure
(mmHg)

Mean 
gradient

(mmHg/cm)

Peak interface pressure point 54.9

1.5 cm 29.8 11.4

2.5 cm 24.0 9.3
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The results of the analysis, showing the coefficients of correlation for 
each of the relationships above, are provided in Table 3. Four large 
correlations, using the Cohen description for size of correlation, 
were identified36. Weight correlated strongly with BMI as expected, 
given the direct relationship between these risk factors (correlation 
coefficient 0.82). Peak interface pressure correlated with gradient 
1.5 cm and gradient 2.5 cm with correlation coefficients of 0.77 and 
0.78 respectively. In addition, gradient 2.5 cm and gradient 1.5 cm 
had a correlation coefficient of 0.90. All relationships had a positive 
correlation, thereby showing that as one value increases the second 
parameter also increases at some rate.

DISCUSSION
Numerous researchers have highlighted that pressure and shear 
accompany one another through localised pressure compressing 
tissue and thereby distorting adjacent tissues9,10,13. Furthermore, it 
has also been highlighted that high pressure gradients are known 
to generate large shear forces22-24. Given that peak interface pressure 
is used in the calculation of gradient, some degree of correlation 
was anticipated. Given that these gradients were both measured 
from the point of peak interface pressure again some degree of 
correlation was expected. The high level of correlation between peak 
interface pressure and pressure gradient therefore suggests that as 
peak interface pressure increases, the area surrounding the site of 
the peak interface pressure becomes increasingly subject to higher 
gradients and hence to higher shearing forces.

The measured mean pressures and mean gradients provide 
indications of the nature of the area surrounding the point of peak 
interface pressure. First, the pressure is experienced to the 1.5 cm 
distance in a ‘V’ shape rather than as a ‘U’ or bathtub shape. In 
the event that the latter description was correct the gradient to 1.5 
cm would be essentially flat, with a steep drop-off after that point. 
Second, the area around the peak interface pressure point that is 

subject to the highest pressure gradient is restricted in size, and 
increases slowly with increasing pressure. The correlation between 
peak interface pressure and gradient at 1.5 cm range indicates that 
these two indices increase together. In the event that the area subject 
to high pressure expanded with increasing interface pressure, the 
gradient to 1.5 cm could be expected to remain static or reduce as 
either of these scenarios would have a lower correlation coefficient. 
Third, the impact of pressure reduces with distance from the point 
of peak interface pressure. The pressure gradient in the region 
between 1.5 cm and 2.5 cm from the point of peak interface pressure 
is less than that to 1.5 cm. The distance from 1.5 cm to 2.5 cm can, 
therefore, be considered as a more gently inclined or flattened ring 
surrounding this conical region.

In this way this research is consistent with the concept that pressure 
is transmitted into the tissue layers in a conical formation or 
V-shaped pressure gradient2,28. It has also been noted that whilst the 
point of the cone may provide visual indications, the whole of the 
cone needs to be considered in prevention management28.

The high level of correlation between peak interface pressure and 
the pressure gradients at both 1.5 cm and 2.5 cm show that the 
area at the base of the ‘cone-like’ pressure damaged area remains 
essentially constant rather than increasing as the peak interface 
pressure increases. Currently there is no empirical measurement 
of the dimensions of this underlying tissue damage. It may be that 
staggered measurement of pressure gradients can be used to provide 
demarcation of the area of suspected deep tissue damage. This study 
has only investigated gradients to 1.5 cm and 2.5 cm, but it would 
be interesting to calculate a wider range of gradients to see if there 
were clearly observable boundaries. From these measurements, a 
mathematical description of the distribution of pressure across the 
affected area could be developed. In addition, from that description, 
and with a time dimension included, it would be possible to 

Variables Weight BMIb Waterlow score Peak interface 
pressure

Gradient

1.5 cm

BMI 0.82b

p<0.01

-

Waterlow score 0.15b

(p = 0.09)

0.23b

(p =0.01)

-

Peak interface 
pressure

0.23a

(p=0.01)

0.16b

(p=0.07)

0.19b

(p=0.04)

-

Gradient

1.5 cm

0.22a

(p=0.01)

0.17b

(p=0.06)

0.09b

(p=0.31)

0.77a

(p<0.01)

-

Gradient

2.5 cm

0.18a

(p=0.06)

0.09b

(p=0.34)

0.10b

(p=0.26)

0.78a

(p<0.01)

0.91a

(p<0.01)

Table 3: Correlation between weight, BMI, Waterlow risk assessment score, peak interface pressure, gradient 1.5 cm and 2.5 cm

aPearsons r test applied
bSpearman’s rho test applied
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determine the total amount of pressure contained within that 
pressure intensity distribution and to more closely examine the 
nature of the inverse pressure-time relationship37.

Swain and Bader20 have reported that no link has been discerned 
between weight and interface pressure, and between BMI and 
interface pressure. Defloor13 has, however, indicated that body build, 
and by extension weight, is a contributing factor for the intensity of 
compressive force as a causal factor for pressure injury development. 
This study has shown no correlation between peak interface pressure 
and weight, nor between peak interface pressure and BMI, thereby 
suggesting that further research is required in this area.

In clinical practice, interface pressure mapping can provide valuable 
visual information that augments assessment of the patient’s skin 
and potential for skin breakdown. It provides visual and real time 
pressure mapping that allows both clinicians and patients to see peak 
pressures occurring, and informs targeted preventative interventions.

All too often, currently it is only when skin discolouration occurs 
that preventative strategies are applied. This is, however, often 
after the start of underlying tissue and skin damage. The interface 
pressure mapping system quantifies the peak pressure and potential 
pressure distribution in a ‘V’-shaped gradient in the underlying 
tissues, therefore signifying that preventative strategies that should 
focus on a wider distribution of relief.

Preventative strategies such as prophylactic dressings8 being used in 
current practice should include consideration of the pressure and 
shear distribution wider than the peak pressure or visible injury 
site. Proper dressing, size, selection and availability in pressure 
injury prevention play a significant role in the ability to provide a 
protective impact on the at-risk tissue38. If prophylactic dressings are 
to play a greater role in skin care, then a greater range of product size 
needs to be available to clinicians39.

Limitations
There are some limitations to the study. The variation between peak 
interface pressure and actual interstitial pressure is not known and 
may be very wide. The highest gradient may not be at a point of 
peak pressure and it is also difficult to extrapolate the implications of 
the study findings to suspected deep pressure injury so conclusions 
must be circumspect.

CONCLUSION
The use of pressure mapping systems, and the associated visualisation 
of the distribution of pressure across the interface surface, has 
allowed the identification of areas of high pressure on tissue at the 
interface and the calculation of associated pressure gradients. The 
widely held view that high gradients give rise to high shear forces, 
and that high shear increases the impact of pressure, means that 
the ability to visualise gradients may provide an almost immediate 
indication of areas that may be prone to pressure injury development, 
including the development of suspected deep tissue injury.

The results of this study reinforce the notion of a conical pressure 
distribution as first postulated by McClemont28. However, a number 

of areas for further study are associated with the investigation of 
pressure gradients. It has been observed earlier in this study that 
measurement of both the 1.5 cm gradient and the 2.5 cm gradient 
from the peak interface pressure point resulted in an expected 
high correlation between these variables and failed to illuminate 
the true nature of the gradient to the 2.5 cm distance. Further 
investigation to explore all points on the gradient between the peak 
interface pressure point and the 2.5 cm distance would provide more 
information on the structure and extent of the pressure-affected 
area. In a similar manner, extension of the measured area beyond the 
2.5 cm distance, and the determination whether gradients at these 
extended distances correlated with interface pressure could also be 
undertaken. This analysis could be useful in determining the typical 
extent of the pressure-affected region around a pressure point, and 
whether this area increases with increasing pressure or whether 
there were clearly observable boundaries.
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