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Pressure Mapping in Elderly Care
A Tool to Increase Pressure Injury Knowledge and Awareness Among Staff

Lisa Hultin @ Estrid Olsson € Cheryl Carli ¢ Lena Gunningberg

ABSTRACT

PURPOSE: The purpose of this study was to evaluate the use of a pressure mapping system with real-time feedback of
pressure points in elderly care, with specific focus on pressure injury (Pl) knowledge/attitudes (staff), interface pressure, and Pl
prevention activities (residents).

DESIGN: Descriptive, 1-group pretest/posttest studly.

SUBJECTS AND SETTING: A convenience sample of 40 assistant nurses and aides participated in the study; staff members
were recruited at daytime, and 1 nighttime meeting was held at the facility. A convenience sample of 12 residents with risk for PI
were recruited, 4 from each ward. Inclusion criteria were participants older than 65 years, Modified Norton Scale score 20 or less,
and in need of help with turning in order to prevent Pl. The study setting was a care facility for the elderly in Uppsala, Sweden.
METHODS: A descriptive, comparative pretest/posttest study design was used. The intervention consisted of the use of a
pressure mapping system, combined with theoretical and practical teaching. Theoretical and practical information related to
Pl prevention and the pressure mapping system was presented to the staff. The staff (n = 40) completed the Pressure Ulcer
Knowledge and Assessment Tool (PUKAT) and Attitudes towards Pressure Ulcer (APUP) before and following study intervention.
Residents’ beds were equipped with a pressure mapping system during 7 consecutive days. Peak pressures and preventive
interventions were registered 3 times a day by trained study nurses, assistant nurses, and aides.

RESULTS: Staff members’ PUKAT scores increased significantly (P = .002), while their attitude scores, which were high pretest,
remained unchanged. Peak interface pressures were significantly reduced (P = .016), and more preventive interventions (n =
0.012) were implemented when the staff repositioned residents after feedback from the pressure mapping system.
CONCLUSIONS: A limited educational intervention, combined with the use of a pressure mapping system, was successful as
it improved staff members’ knowledge about PI prevention, reduced interface pressure, and increased Pl prevention activities.
As many of the staff members lacked formal education in Pl prevention and management, opportunities for teaching sessions
and reflection upon PI prevention should be incorporated into the workplace. More research is needed to evaluate the effect of
continuous pressure mapping on the incidence of PI.
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frailty.! Pressure injuries cause not only physical suffering but
may also have a negative impact on social, psychological, and/
or financial aspects of life and, consequently, health-related
quality of life.

INTRODUCTION

Frail and elderly individuals are vulnerable to developing pres-
sure injuries (Pls). Significant risk factors for the development

of PIs such as declining general and mental health, sensory
perception, nutritional status, and mobility, as well as in-
creased skin fragility and exposure to moisture (eg, due to in-
continence), are positively correlated with increasing age and
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Pressure injuries are common in aged care settings; reported
prevalence rates vary from 4.1% to 32.2%." National preva-
lence studies in Swedish aged care facilities report prevalence
rates between 11.8% and 14.5%.> Pressure redistribution via
repositioning, use of pressure-redistribution mattresses, chair
cushions, and heel cushions, etc, are the mainstay of preven-
tive interventions.”* Despite evidence-based PI prevention
guidelines,' not all who are at risk receive adequate preven-
tion.*> Studies show that nursing staff’s knowledge of PI pre-
vention could be improved both in hospitals and in aged care
facilities.>®

Continuous Pressure Mapping Systems

There are several commercially available pressure mapping
systems that can measure interface pressure in different po-
sitions and on various types of pressure-redistribution surfac-
es.”!! Continuous pressure mapping can provide nursing staff
real-time feedback of pressure points in those at risk for Pls.
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The utility of such a pressure mapping system has been inves-
tigated in the Clinical Training Center at one Swedish univer-
sity hospital.'*!? Regardless of nursing category (RN, assistant,
or student nurse), nurses achieved lower interface pressure for
both their male and female volunteers patients when using
feedback from the monitor as compared with no feedback.
The conclusion from these 2 studies was that feedback from
a pressure mapping system increased nurses’ knowledge and
skills related to repositioning for PI prevention. Behrendt and
colleagues' also found that a continuous pressure mapping
system significantly reduced the incidence of Pls in a medical
intensive care unit.

Whether the usefulness and acceptance of pressure mapping
seen among nurses in the hospital setting are generalizable'>!'
(ie, would be the same, in care settings for the frail and el-
derly) has not been studied. The educational level of staff
working in elderly care varies considerably in Sweden, with
some staff members having no formal nursing education or
education in elderly care. A pressure mapping system with
visual real-time feedback could be an effective and pedagogic
tool for educating staff in the care of the elderly to increase
their commitment to PI prevention activities. The purpose of
this study was to evaluate the effectiveness of a PI prevention
program comprised of staff education regarding PI preven-
tion and the use of a pressure mapping system with real-time
feedback of pressure points in elderly care. Specific research
questions were: (1) how does the use of a pressure mapping
system, combined with theoretical and practical teaching, af-
fect staff’s knowledge and attitudes about PI and PI preven-
tion; (2) is there any difference in interface pressures when
the pressure mapping system is used in the care of the elderly
compared to when it is not; (3) is there any difference in
PI prevention activities when the pressure mapping system
is used in the care of the elderly compared with when it is
not; and (4) how does care facility staff evaluate the pressure
mapping system?

METHODS

A descriptive, 1-group comparative pretest/posttest study de-
sign guided data collection (Figure 1). Following education
regarding PI prevention and pressure mapping, the pressure
mapping systems were used by the staff to monitor residents

January 2015
Pretest staff’

Theoretical and
practical
teaching

Questionnaire 1
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over 7 consecutive days during the 6-week study period. Two
instruments were used to measure staff PI knowledge and at-
titude toward before and on implementation of the study in-
tervention.

Sample and Setting

A convenience sample of assistant nurses and aides was recruit-
ed from the facility at 2 workplace meetings held during day-
time hours and 1 meeting held at night; staff members who
were on sick leave or on vacation were excluded. The assistant
nurses have 2 to 3 years of education from community col-
leges, and the aides typically complete a brief period of on-the-
job training to learn about their specific employer’s policies
and procedures.

A convenience sample of residents deemed at risk for PI
were recruited, 4 from each of 3 wards. The first author (L.H.)
worked as an RN at 1 ward at the time for the study. To avoid
bias, that ward was not included in the study. All staff mem-
bers (N = 40) working during the study period participated.
Inclusion criteria for residents receiving care were older than
65 years, Modified Norton Scale score of 20 or less,” and in
need of help with turning in order to prevent Pls. Exclusion
criteria were residents in the end-of-life phase or with existing
stage 4 Pls.!

The study was conducted at a care facility for the elderly in
Uppsala, Sweden. The facility has a total of 80 residents living
on 4 different wards; all residents have their own studio apart-
ment. Resident acuity varied from requiring little staff input
to total care as required for those in the end-of-life phase. The
staff on each ward consists of 17 to 19 assistant nurses or aides
and 1 RN (daytime). No advanced medical equipment was
available at the facility. Three of the 4 wards were included in
the study.

The principles set out in the Declaration of Helsinki as
well as in national and local guidelines for research were fol-
lowed (CODEX).'¢ The director of the care facility approved
the study. Both the nursing staff and residents were informed
about the purpose and procedure of the study, that participa-
tion was completely voluntary and that they were free to with-
draw from the study at any time. Signed, informed consent
was obtained from the residents or from a family member if
a resident was unable to sign. The nursing staff and residents
were assured confidentiality.

March 2015
Posttest staff

Questionnaire 2

January to March 2015 (6 weeks)

Residents (n=12)

Pretest: MAP-system (day 1-2)
Posttest: MAP-system (day 3-7)

Figure 1. Study flowchart.
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Instruments

A questionnaire consisting of the Pressure Ulcer Knowledge and
Assessment Tool (PUKAT) and Attitudes towards Pressure Ul-
cer (APuP) was used to assess the staff’s knowledge about and
attitudes to PI prevention.'”'® Both instruments have showed
acceptable psychometric properties, with Cronbach’s a of 0.77
and 0.79, respectively. The questionnaire comprised 26 knowl-
edge questions and 13 attitude questions. The questions about
attitudes were answered on a 4-point Likert scale (1 = strongly
agree to 4 = strongly disagree). Both Knowledge and Attitude
scores were calculated as a percentage of the possible total score.
A mean knowledge score over 60% and a mean attitude score
over 75% were deemed satisfactory.”” Another set of demograph-
ic questions regarding the nursing staff’s gender, age, education,
and working experience was included, as well as 4 study-specific
questions to evaluate the nursing staff’s experience of using the
continuous bedside pressure mapping (CBPM) system as a pre-
ventive tool. The questions were answered using a 4-point Likert
scale (1 = strongly disagree to 4 = strongly agree).

A CBPM system (MAP System; Wellsense USA, Inc, Nash-
ville, Tennessee) was used to measure tissue interface pressures
in participating residents and provide feedback for the staff
delivering preventive interventions. The CBPM system is a
pressure-sensing mat and a control unit that incorporates a
small computer and a monitor. The control unit, which for
this intervention was placed at the foot of the resident’s bed,
receives pressure data continuously from the pressure-sensing
mat. These data are displayed in real-time as color imagery and
depict how pressure at the body-mat interface is distributed
and redistributed when the body is repositioned. Red signifies
areas of high pressure, defined in this study to be 60 mm Hg or
more. The colors from blue to dark orange signify increasing
pressure from 10 mm Hg to less than 60 mm Hg.

Study Procedures

We collected selected demographic information from the
nursing assistants and aides and measured knowledge and at-
titudes to PlIs and PI prevention before and 6 weeks after the
CBPM system was implemented. Thereafter, 2 investigators
(L.H., E.O.) led discussions and provided opportunities for
nursing assistants and aides to learn the correct answers, reflect
upon their own responses to the questionnaires, and gain a
better understanding of the theoretical aspects of Pls and their
own attitudes regarding Pls and PI prevention; these sessions
lasted approximately 20 minutes. In addition, the nursing as-
sistants and aides received training in use of the CBPM sys-
tem; training required approximately 15 minutes. Following
the training on the device, the CBPM system was placed on an
empty bed for 1 week and members of the staff were welcome
to come individually or in groups to practice using it under the
supervision of the study nurses.

After completion of the training and practice sessions, the
CBPM systems were incorporated into the beds of the par-
ticipating residents and the facility staff could then use the
monitor when positioning the resident in bed. A CBPM mat
was placed over each resident’s mattress (pressure reducing
foam for all residents plus static air mattress for 6 residents).
After that, the bed was made as usual. The CBPM monitors,
which were placed on the footboard of the bed and covered
during 2 days (pretest) so that only the study nurses (L.H.,
E.O.) could register the data. During the following 5 days, the
CBPM monitors were uncovered (posttest) and the assistant
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nurses or aides were encouraged to use the monitor when car-
ing for the resident. The assistant nurses and aides also regis-
tered the peak pressures and type of PI preventive intervention
that was used.

During data collection, a specific protocol was used to reg-
ister peak pressures (measured in mm Hg) from the CBPM
monitor, and PI preventive interventions (mattress, heel pro-
tection, pillow, wedge, sheepskin, elevated head of bed, lowered
foot of bed) were recorded. These data were registered 3 times
a day (08:00, 14:00, and 20:00) for each resident in the study
protocol. Staff members were instructed to reposition the resi-
dent if the monitor showed warm colors (red and orange). The
goal was to reduce the interface pressure so that no red and or-
ange colors, only blue and green, showed on the screen. Three
CBPM systems were used during data collection. Data were
collected during 6 weeks in the spring of 2015 (Figure 1).

DATA ANALYSIS

The answer to each PUKAT question was dichotomized (cor-
rect-incorrect). Negatively worded attitude questions were re-
versed so that a higher score indicated more positive attitudes.'®
Categorical data were presented as numbers and percentage,
whereas continuous and ordinal data were presented as means,
minimums, and maximums. Comparisons between pre- and
posttest knowledge and attitude scores, peak pressures, and the
number of preventive interventions were conducted using the
Wilcoxon signed-rank test (related sample). The first day in
the posttest intervention was considered as a learning phase,
and these data were not included in the analyses. A P value of
.05 or less was considered statistically significant. All statistical
analyses were performed using SPSS 22.0 (Statistical Package
for the Social Sciences Inc, Chicago, Illinois).

RESULTS
Forty of 55 staff members from the facility participated in the

research; 15 staff members who were on vacation or on sick
leave during data collection were excluded from participa-
tion. The majority of participating staff members were female
(90%). The mean age for the total group was 41.3 (range, 20-
63) years (Table 1). Twelve residents participated in the study;
their mean age was 86 years, and their mean Modified Norton
Scale score was 17.3. Seven of the 12 residents were female.
The nursing staff showed a significant improvement (z =
3.1, N-Ties = 38, P = .002) in their knowledge about PIs
after theoretical and practical teaching and after using the
CBPM system. The mean knowledge score increased from
49% in the pretest participants to 59% in the posttest partic-
ipants (Table 2). There were 7 pretest and 23 posttest partici-
pants who scored over 60%. The mean attitude score was 85%
in both the pretest and posttest participants. The question
with the highest score was “I personally have an important
task in pressure injury prevention” (95%) and the lowest score
was “I am well trained to prevent pressure injuries” (68%).

Pressure Injury Prevention and Tissue

Interface Pressures

The mean peak pressure was significantly lower (z = 2.4, N-Ties
= 11, P = .016) when the CBPM system was used compared
with when it was not. The mean peak pressure was reduced from

54.4 mm Hg (pretest) to 48.0 mm Hg (posttest) (Table 3).
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Demographic Data for Staff (N = 40)

n %
Gender
Female 36 90
Male 4 10
Assistant nurse 38 95
Nursing aide 2 2
Work experience within elderly care
<1y 1 2
1-3y 9 23
35y 4 10
>5y 26 65
Course regarding pressure injuries, wounds, or wound care 12 30

The number of preventive interventions was significantly high-
er (z= 2.5, N-Ties = 12, P = .012) when the CBPM system
was used compared with when it was not. The mean number of
preventive intervention per day increased from 1.2 (pretest) to
1.7 (posttest) (Table 4). The majority of preventive interventions
were small and large cushions, heel protection, and wedges.

'The staff considered the CBPM system as a valuable tool to be
used in clinical practice (Table 5). They commented that the sys-
tem was practical, enabling rapid identification of pressure points
for a particular resident, and they noted the system enhanced iden-
tification of individualized management of pressure relief. They
also stated that they could learn a lot more about PI prevention
and that they would like to continue to use the CBPM system.

DISCUSSION

The intervention implemented in our study (use of the CBPM
system, combined with theoretical and practical teaching) sig-

Staff Members’ Pressure Injury Knowledge and Attitude
Scores (%)

Pretest Mean Posttest Mean

Score Score

Knowledge n=140 n=140 P
Etiology and causes 51.0 66.3
Classification and observation 38.5 57.0
Risk assessment &l ) 56.3
Nutrition 62.5 57.7
Reduction in the amount of 46.4 58.5

pressure and shear
Reduction in the duration of 525 52.0

pressure and shear
Total score? 49.0 59.0 .002
Attitude n=24 n=24
Total score® 85.0 85.0 ns

Abbreviation: ns, not significant.
“Satisfactory Knowledge score more than 60%.
"Satisfactory Attitude score more than 75%.
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nificantly improved the staff members’ knowledge about PI
prevention. Staff attitudes to PI prevention were found to be
positive and did not change over the 6-week study period. Tis-
sue interface pressures decreased significantly, and significantly
more preventive interventions were given to the elderly when
the electronic pressure mapping system was used compared
with when it was not. The staff gave the CBPM system high
scores (good preventive tool, easy to understand the informa-
tion on the monitor, want to continue to use the tool, and
would recommend it to others).

The mean knowledge score for the total sample increased from
49% (pretest) to 59% (posttest). These results are similar to those
of Sving and colleagues,” who found that the assistant nurses in
a hospital setting attained a knowledge score of 51% at baseline
and 59% after a comprehensive intervention (1-day educational
program facilitated by a multidisciplinary team, monthly preva-
lence measures over 6 months, timely feedback of results, and the
support of an external facilitator in PI prevention). In our study,
23 of 40 staff members achieved a satisfactory knowledge score
of 60%. A study from Belgium, using the same questionnaire
in nursing homes, found much lower knowledge scores, that is,
28.7% for assistant nurses and 29.3% for RNs.® Thus, even a
limited educational intervention using visual real-time feedback
of pressure points can improve PI knowledge.

We found that use of the CBPM system made the nursing
staff more aware of PI prevention. The results show that more
preventive interventions were used and the residents were lying
in a position with lower peak pressure when the nursing staff
used the feedback from the monitor. The frequency of turning
was not registered, but our results suggest that the nursing staff
used a variety of preventive activities such as micro positioning
to reduce pressure. A large multisite randomized controlled trial
in American nursing homes, investigating the effect of different
turning intervals on PI incidence, found that turning at 3- and
4-hour intervals is no worse than turning every 2 hours.”® The
authors postulated that less frequent turning might increase
sleep, improve health-related quality of life, reduce staff inju-
ry, and provide wider time frames for other activities such as
meals, walking, and toileting. Another cost-effectiveness study
argues that despite being marginally more clinically effective to
prevent Pls, alternating 2 and 4 hourly repositioning is not a
cost-effective use of resources (compared with 4 hourly reposi-
tioning) for the high-risk group in nursing homes.?' A pressure
mapping system, such as the CBPM system, could be a useful
tool to monitor pressure points and to alert staff about when
to reposition. At night, or when the person sleeps, it might
assist staff to engage in micro repositioning that are less likely
to interfere with sleep. Killman®* described pressure-induced
vasodilation in nursing home residents during 1-hour periods.
One important finding was that the number of spontaneous
movements by the resident was not related to the total risk
score (RAPS-scale), indicating that residents assessed to be at
low risk for PI might need to be repositioned as often as resi-
dents assessed to be at high risk.

Although cost was not an outcome measured in our study,
it is an important consideration. A recent systematic review
found that the cost of PI prevention per patient per day
varied between €2.65 and €87.57 (between US $2.92 and
US $96.58) across settings.”? Corresponding figures for PI
treatment ranged from €1.71 to €470.49 (from US $1.88
to US $518.96). Consequently, it is important to identify
cost-effective, user-friendly tools to avoid unnecessary suffer-
ing from Pls. The staff in the present study used the pressure
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Peak Pressure Without and With Visual Real-Time Feedback From the CBPM Monitor

Without Feedback With Feedback
Resident Age Sex? MNS® Mean Min-Max, mm Hg Mean Min-Max, mm Hg P
1 85 F 20 513 38-58 471 39-50
2 92 M 19 40.8 36-50 38.3 37-51
3 82 F 12 48.8 41-57 33.1 35-65
4 95 F 15 51.0 48-56 51.0 41-54
5 87 M 19 52.2 48-58 48.7 50-73
6 83 M 15 48.7 39-61 37.3 -
7 95 [F 18 44.0 39-53 52.0 45-50
8 86 F 17 51.0 32-66 401 34-63
9 69 M 20 72.5 68-79 59.1 52-88
10 88 F 16 52.5 43-62 B616) 36-53
11 71 M 16 733 54-105 69.8 52-106
12 99 F 20 66.3 47-82 64.2 41-84
Total 54.4 48.0 .016

aF, female; M, male.
MNS, Modified Norton Scale score 21 or less identifies patient at risk for pressure injury.

mapping system during the 6-week study period and assessed
it as a valuable tool. Further research is needed to evaluate the
cost-effectiveness of the system.

We found the educational level related to PI prevention is
limited, especially given the risk profile of the frail, elderly in-
dividuals living there. Only a third of staff participants indicat-
ed completing continuing activities focusing on PIs or wound
care, and responses to the attitude questions revealed that they
had insight about their lack of knowledge. The intervention in
our study was limited both in content and in time. Neverthe-
less, the intervention positively influenced knowledge of Pls
and frequency of preventive interventions. Facility managers
and RN are responsible for educating and supervising staff

Preventive Interventions per Day Without and With Visual
Real-Time Feedback From the CBPM Monitor

Resident  Without Feedback, Mean  With Feedback, Mean P
1 0.0 0.4

2 1.0 0.8

3 2.0 2.4

4 1.4 3.0

5 0.8 1.3

6 4.5 6.0

7 1.0 2.0

8 1.2 0.9

9 0.0 0.8

10 0.7 1.1

11 1.0 1.2

12 0.3 0.3

Total 1.2 1.7 012

in quality and safety of care, which includes PI prevention. To
uphold knowledge about PI prevention, teaching should be
repeated and combined with reflection.” Managers and clinical
nurse educators have the ability to influence policy and pro-
cedures in their facilities. Investing in the specialty of elderly
care, as well as gaining academic merits, provides a sound evi-
dence base on which to improve the quality of resident care.?

LIMITATIONS/STRENGTHS

A pre- and posttest design was used in this study; therefore,
causal relationships between intervention and effect cannot be
inferred. Even though the resident and staff sample sizes were
small, a robust response to the intervention was indicated. A
strength of this study included use of a research-based, interna-
tionally recognized questionnaire.'”'* However, there was con-
siderable attrition from the APuP (40%). One reason could be
that the nursing staff found some questions hard to understand.

Because of the relatively short data collection time, we were
unable to measure occurrence rates of Pls. Another limitation
was that the relationship between different peak pressures and
the risk of each resident to develop a PI was unknown. The
intention was to ask the residents to assess their comfort in bed
after being positioned by the staff using a visual analog scale.

CBPM System Evaluation (N = 35)

Mean
| think the CBPM system is a good method to prevent pressure 3.7
injury
| think it was easy to read and understand the information from the Bi5)
CBPM monitor
| would like to continue to work with the CBPM system 3.7
| would recommend the CBPM system to other nursing staff 3.7

Abbreviation: CBPM, continuous bedside pressure mapping.

Abbreviation: CBPM, continuous bedside pressure mapping.
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However, the residents included were unable to answer ade-
quately as they had had dysphasia or other speech problems or
were too tired to respond to queries during sleep periods. Pres-
sure mapping user error and variability may have occurred;
in order to minimize this possible systematic error, a single
investigator (L.H.) was responsible for ensuring the pressure
mapping system’s integrity on each bed.

CONCLUSION

We found that nursing staff’s knowledge and awareness of PI
prevention increased after a limited intervention using a pres-
sure mapping system, combined with theoretical and practical
teaching. As many of the staff members lacked formal educa-
tion in PI prevention and management, repeated opportuni-
ties for teaching sessions and reflection upon PI prevention
should be incorporated into the workplace and pressure map-
ping may augment education strategies. The pressure mapping
system was well received by the staff, who used the visual re-
al-time feedback of pressure points from the monitor to reduce
peak pressure. However, further studies are needed to evaluate
the effect of continuous pressure mapping on the incidence
and prevalence of PI and if mapping is clinically practical and
relevant to change nursing practice.
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