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Abstract 
The pressure gradient can predict skin breakdown when combined with high pressure. We investigate the relationships 
between Peak Interface Pressure (PIP) and peak pressure gradient (PPG) for predicting and understanding the causes of 
pressure ulcers. Design of this research was a prospective cohort design. Pressure ulcers were identified and classified 
using the National Pressure Ulcer Advisory Panel and European Pressure Ulcer Advisory Panel. Interface pressure was 
measured at the patient’s sacrum three times once every three days until pressure ulcers develop. The assessment was 
measured after the 24-hours monitoring period had expired for a newly admitted patient to the intensive care unit (ICU). 
The locations of the pressure ulcers were found using trace sheets. The 87 patients were obtained from two hospitals. The 
incidence of pressure ulcers was 12.6%. The PIP was 66.2 mmHg and PPG was 12.1 mmHg for a pressure ulcer compared 
to without a pressure ulcer (p < .01). The cut-off value for PIP was 50.0 mmHg and PPG was 8.0mmHg/cm. The PIP > 
50.0 mmHg and PPG > 8.0 mmHg/cm were risk pressure ulcers. The correlation between the PIP and PPG were high 
correlation (r = 0.925). The PIP and PPG may be a useful indicator for the development of pressure ulcers. 
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1 Introduction 
The study was carried out in Indonesia where the incidence of pressure ulcers was 28.4% in intensive care units (ICUs) [1]. 
Suriadi et al. [2] found that the incidence of pressure ulcers was higher in Indonesia than in other Asian countries such as 
China 2.1% [3], South Korea 10.5% [4], and Japan 11.2% [5] and other countries worldwide such as Germany 3.3% [6], Spain 
12.4% [7], and the United States 16% [8]. The high incidence of pressure ulcers in Indonesia should be a major concern for 
all healthcare providers that aim to prevent the formation of pressure ulcers and it is a priority for nursing research in 
Indonesia.  
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Prevention and reduction of the occurrence of pressure ulcers in Indonesian ICUs needs to be studied. Suriadi, Sanada H, 
Sugama J, Thigpen B, Subuh M (2008) [1] reported that the risk factors for pressure ulcer development were interface 
pressure (IP), temperature, and smoking. When a patient in the ICU receives a medication to decrease the body 
temperature, the body temperature may be febrile to normal. The patient may have had a smoking habit before entering the 
hospital. The IP may be related to pressure ulceration because the pressure ulcer develops from above toward the direction 
of the sacrum. The National Pressure Ulcers Advisory Panel (2007) [9] define IP is the force per unit area that acts 
perpendicularly between the body and the support surface. Suriadi et al. [2] in their study found that the IP was significant 
to predict the occurrence of pressure ulcers with a cut-off point more than 35 mmHg in supine position. One study reported 
the ICU patients sitting out of bed have a high seating IP; specifically, the PIP (Peak Interface Pressure) was 90-101 
mmHg in patients who used a regular cushion [10]. Unfortunately, the study was not related to the occurrence of pressure 
ulcer development. Research by Suriadi et al. [2] confirms the findings that IP was an important risk factor that contributes 
to pressure ulcer development. Therefore, it can be postulated that a lower IP was likely to decrease the risk of pressure 
ulcer development.  

The IP is not the only factor that contributes to the occurrence of pressure ulcers, but the Peak Pressure Gradient (PPG) 
also. Mueller MJ et al. [11] found that the PPG can predict skin breakdown of the plantar surface in patients with diabetes. 
The PPG is the highest pressure on the Pressure Gradient (PG) or in the direction of the pressure derivative at the allocation 
of the peak pressure on the surface of the body, and the PG is the pressure differential or the change in pressure over a 
distance and measured with a change in mmHg per cm2 or inch [12]. The PPG measured in several studies was conducted in 
patients with diabetic neuropathy and assessed the PPG in patients that contributed to skin damage. A previous study 
showed that the PPG was 143% higher in the front of the foot than in the rear of the foot, even when compared with peak 
plantar pressure of the diabetic patient. The PPG must be a better indicator than the peak plantar pressure alone in 
distinguishing patients at risk for skin breakdown [11]. The study was not associated with the occurrence of pressure ulcer 
development.  

Pressure on the surface of the body with the support surface is at risk factor for pressure ulcer development, but it is not 
merely pressure alone that causes a pressure ulcer; there is a possibility of other factors, namely the PG. Until now, there 
was no evidence of pressure ulcer development by the PG. There does not yet appear to be a specific threshold of PG that 
predicts skin breakdown. A study to investigate the relationship between PIP and PPG with pressure ulcers development 
was needed and the outcomes could be used to reduce the incidence of pressure ulcers in Indonesia. Essentially, the goal of 
this study is to determine the relationships between PIP and PPG for prediction of pressure ulcer development in ICUs 
patients. 

2 Methods 

2.1 Materials 
The IP was recorded by a scanning aid device namely Palm Q; Cape Co. Ltd., Yokosuka, Japan (see Figure 1). The 
dimensions and weight were width 6.5 cm X length 7.5 cm X thick 3.5 cm and 160 gram. It has five sensors per square 
centimeter, each in a fan shapes, flexible sensors sized width 13 cm X length 13 cm, and a cable length of 75 cm. The 
accuracy of this instrument was 0 – 200 mmHg, and ± 3 mmHg, (at 0 – 40°C), respectively. The correlation coefficient of 
pressure evaluator scores for interrater test was 0.992 to 1.000 and 0.737 for intra rater test. Then the validity test of 
pressure evaluator was significant difference (p < .001) between patients with pressure ulcer and patients without pressure 
ulcer [13]. 

A prospective cohort design was conducted between March and October 2011. The research was conducted at two 
hospitals in Pontianak, Indonesia. Ten (10) of 446 beds in hospital A (Soedarso General Hospital) and 16 of 296 beds in 
hospital B (St. Antonius General Hospital) were allotted to the ICUs. 
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3 Results 

3.1 Demographic data and clinical characteristics 
A total of 108 patients were enrolled after meeting the initial study inclusion criteria. Of those, 21 patients were excluded 
because there were 18 patients because only one-time inspection and 3 patients within continence associated dermatitis 
and the remaining 87 patients participated in this study. The patients were male (47. 54%), and female (52.46%) and mean 
age was 44.1 (SD ± 16.9) years. The mean length of stay in the ICU was 7.9 (SD ± 6.2) days, the mean APACHE II score 
was 11.5 (SD ± 4.9), SS scale was 3.49 (SD ± 2.5), Braden scale was 11.22 (SD ± 1.3), body mass index (BMI) was 25.5 
(SD ± 5.0), then diagnoses for ICU admissions included head injury (39.1%), stroke (36.8%), post operation (16.1%) and 
others (8.0%) (see Table 1). 

Table 1. Demographic and characteristics of patients (n = 87) 

Subject  

Gender n (%) 
Male  
Female  

 
40 (46.0%) 
47 (54.0%) 

Age mean (SD)  44.1 (±16.9) 

Length of stay mean (SD) 7.9 (±6.2) 

APACHE mean (SD) 11.5 (±4.9) 

SS scale mean (SD) 3.49 (±2.5) 

Braden scale mean (SD) 11.22 (±1.3) 

BMI mean (SD) 25.5 (±5.0) 

Diagnoses n (%) 
Head injury 
Stroke  
Post Operation  
Others    

 
34 (39.1%) 
32 (36.8%) 
14 (16.1%) 
8 (19.0%) 

Mattresses n (%) 
Foam mattress  
Air mattress 

 
63(72.4%) 
24 (27.6%) 

3.2 PIP and PPG 
The PIP mean was 66.2 and SD ± 42.0 mmHg for pressure ulcer development and the PIP mean was 42.7 and SD ± 14.8 
mmHg with no pressure ulcer development, significant (p) was 0.000 and the PPG mean was 12.1 and SD ± 10.2 
mmHg/cm with pressure ulcer development and the PPG mean was 6.6 and SD ± 3.6 mmHg/cm with no pressure ulcer 
development, significant (p) was .001 (see Table 2). 

Table 2. The comparison of PIP and PPG of the pressure ulcer positive and pressure ulcer negative 

 
Pressure Ulcer 
(n = 11) 

No Pressure Ulcer 
(n = 76) 

p value 

PIP (mmHg)  
mean ± SD 
Range 

 
66.2 ± 42.0 
35.0 – 160.0  

 
42.7 ± 14.8 
14.5 – 89.5 

 
.000* 
 

PPG (mmHg)  
mean ± SD 
Range 

 
12.1 ± 10.2 
 5.0 – 37.9  

 
6.6 ± 3.6 
1.3 – 16.0 

 
.001* 
 

*Significance p <.05 
 



www.sciedu

Published by

3.3 Pre
The eleven
was 36.4%
patients, rig
position (se

Table 3. C

Category o

I 
II 
III 
IV 

Pressure ul

Pressure ul
Pressure ul

 

Figure
an

3.4 RO
The PIP ha
of 31.6%, a
likelihood r
0.490-0.82
sensitivity 
with an ove
5). The cor

u.ca/jnep             

y Sciedu Press 

essure ul
n (11) of 87 pat
 and grade IV w
ght and left bu
ee Figure 3 a, b

Category and i

or Grade of Pre

lcers (n %)  

lcer positive  
lcer negative  

e 3. a) Pressure
nd c) Pressure u

OC Curve 
as a cut-off scor
a positive predi
ratio was 2.2 w
6 (see Figure 4
of 36.4%, a spe
erall accuracy 
rrelation betwe

                          

cer deve
tients develope
was 18.1%, res

uttocks in 3 pat
b, c, and d).   

incidence of pr

essure Ulcers 

e ulcers were lo
ulcer on the co

PIP and 
re of 50.0 mmH
ictive value (PP

with an overall 
4). The PPG ha
ecificity of 22.
of 62.2%. The

een PIP and PP

                           

elopment
ed pressure ulc
spectively (see 
tients, coccyx f

ressure ulcer (n

ocated on the ri
occyx of centra

PPG 
Hg and was des
PV) of 29.2%, 
accuracy of 59

as a cut-off val
4%, a PPV of 2
 ROC curves c
G was high co

                   Jour

ers. The pressu
Table 3). The p

for 3 patients o

n = 11) 

(n %) 

5 (45.5) 
4 (36.4) 
0 (0.0) 
2 (18.1) 

11 (12.6%) 
76 (87.4%) 

ight buttock, b)
al area, and d) P

signated in the c
and a negative

9.8%. The RO
lue of 8.0 mmH
26.8%, and a N
constructed an 
rrelation (see F

rnal of Nursing E

ure ulcer devel
pressure ulcers
of central posit

) Pressure ulce
Pressure ulcer 

current study w
e predictive val
C curves const

Hg/cm and was
NPV of 80.0%, 

AUC of 0.701
Figure 6). 

Education and P

lopment of gra
s were located 
tion and sacrum

 

ers were right a
on the sacrum 

with a sensitivit
lue (NPV) of 8
tructed an AUC
s designated in
while the posi
 with 95% CI,

Practice, 2014, V

de I was 45.5%
on the right bu
m for 1 patient

and left buttock
of central area

ty of 45.5%, a s
83.3%, while th
C of 0.668 wit

n the current stu
itive likelihood
 0.561-0.841 (

Vol. 4, No. 9 

151

%, grade II 
uttock for 4 
t of central 

k area, 
a. 

specificity 
he positive 
th 95% CI, 
udy with a 

d ratio 1.15 
see Figure 



w

T

w
d

T
P
w

O
m

www.sciedu.ca/j

152

Figure 4. Pea
racteristic (RO
and 1-specific
face pressure
(confidence in

Figure

4 Discu
The incidence o
study in Indon
which used ai
developing a p

The research sh
PIP and PPG h
were importan

Okuwa et al. [

mmHg has bee

jnep                    

ak interface pr
OC) curve. The
city or each po
e; the area un
nterval, 0.490-

e 6. Correlation

ssion 
of pressure ulce

nesia [1]. This m
r and foam m

pressure ulcer f

howed that PIP
had a very stron
nt risk factors th

13] that research
en used for pre

                          

ressures receiv
e ROC curve p
ossible score of
nder curve (AU
0.826). 

n between peak

ers in this study
may be explain

mattresses and t
for patients wh

P and PPG valu
ng relationship
hat contribute t

h used the sam
ediction of patie

                          

er operator cha
lot of sensitivit
f the peak inte
UC) was 0.65

k interface pres

y was 12.6%. Th
ned by the fact
the previous st
o use standard

ues were signif
p to predict pre
to pressure ulc

me instrument f
ents at risk of d

             Journal 

a-
ty 
r-

58 

Figure 5.
racteristic 
and 1-spec
sures grad
(confidenc

ssure (PIP) and

he incidence in
t that the curre
tudy used stan
mattresses is h

ficantly higher 
essure ulcer dev
er developmen

for elderly peop
developing pre

of Nursing Educ

 Peak pressure
 (ROC) curve. 
cificity or each
dient; the area
ce interval, 0.5

d peak pressure

n this study was
ent study was c
ndard mattress
high [1]. 

with pressure 
velopment. Th
nt.  

ple patients wi
essure ulcers in

cation and Pract

ISSN 1925-

es gradient rec
The ROC curv

h possible scor
a under curve 
561-0.841). 

e gradient (PPG

s lower than tha
conducted in a
ses made in In

ulcers than wit
his research fou

ith our research
n ICU. Howeve

ice, 2014, Vol. 4

-4040   E-ISSN 19

ceiver operator
ve plot of sensi
re of the peak 
 (AUC) was 

 

G; r = 0.925)

at reported in pr
an intensive ca
ndonesia. The r

thout pressure 
und that PIP an

h. A cut-off va
er, the findings

4, No. 9 

925-4059 

r cha- 
itivity 
pres-
0.701 

revious 
are unit 
risk of 

ulcers. 
nd PPG 

alue 50 
s of the 



www.sciedu.ca/jnep                                                                                     Journal of Nursing Education and Practice, 2014, Vol. 4, No. 9 

Published by Sciedu Press 153

current study do not support the previous research that was reported by Suriadi et al. [2]. There is a reason that there are 
differences in the tools used for measurement of IP. Our research used a multi-pad with five sensors, whereas in previous 
studies a multi-pad with three sensors were used, a multi pad three sensors have smaller size than five sensors, so five 
sensors can measure of sacrum or buttock wider area and the coefficient of variance was 8.96%. The precision of the 
replicates in the current study was not different with respect to the way the replicates or individual tests were performed. 
Another study also postulated that IP is a factor in pressure ulcer development [17]. 

The current study showed that the predictive validity of PIP by a ROC curve was weak, but a PIP value of 50.0 mmHg with 
sensitivity, specificity, and PPV was a lower value and the NPV was highest and the accuracy of the PIP (59.8%). NPV 
was the highest value, which indicates that the probability of patients with no pressure ulcer development. Thus, a PIP (≤ 
50.0 mmHg) was not predictive of the risk of pressure ulcer development, but PIP > 50.0 mmHg was predictive of the risk 
pressure ulcer development.  

The research showed that the PPG was adequate with pressure ulcer development compared to no pressure ulcer 
development. The current study showed that a PPG of the 8.0 mmHg/cm was not predictive for pressure ulcer 
development but PPG more than 8.0mmHg/cm was predictive for pressure ulcer development. Mueller MJ et al. [10] 
reported that the average of PPG was 143% substantially higher in the front of the foot than in the rear of the foot and the 
PPG was substantially higher and may be a useful indicator of skin trauma because spatial changes in high plantar 
pressures may identify high stress concentrations within the soft tissue. The concept of a Pressure Gradient contributing to 
potentially harmful internal stresses has been conducted [11]. A large change in pressure across the surface of the skin (a 
high PPG) may result in an excessive internal stress response [18] and resultant shearing of soft tissues that may contribute 
to tissue injury and breakdown [19]. There are no previous studies investigating PPG with and without pressure ulcer 
development. Interestingly, PPG was the only pressure variable in this study that distinguished patients with and without 
pressure ulcer development. Our research provides data on the relationship between the PPG with the development of 
pressure ulcers, although not as an indicator of the development of pressure ulcers that occur in the clinical setting. 

Potential limitations of this research that require further consideration include that this research was an assessment of 
pressure ulcers focused on the sacrum only. Body shape and weight the patient’s, skin condition, medical condition and 
variables associated with care are outside the scope of this study. 

5 Conclusion 
The research showed that the incidence of pressure ulcers of both hospitals was 12.6% at the sacrum and buttocks. This 
study indicates that a significance difference exists between PIP and PPG with pressure ulcer development and no pressure 
ulcer development. The PIP and PPG may be a useful indicator for predicting the development of pressure ulcers between 
patients with and without pressure ulcers. This may reduce the costs (human and fiscal) of patient care and also the 
institution, which will be an incentive to promote future research in the prevention of pressure ulcers in a clinical setting. In 
this study it was postulated that IP and PG evaluators that were identified to predict pressure ulcer development, so the 
tools can be used to prevent the development of pressure ulcer risk in patients and as a nursing intervention assessment. 
This is a new assessment for predicting pressure ulcer using PG evaluator and it is effective to screen ICU patients who 
have no risk of pressure ulcer. The results of this study can improve nursing care by performing measurements on the body 
surface between the mattress by means of tilt left and right to prevent pressure sores.  
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