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Objective: To establish structure, process and outcome indicators to evaluate tissue integrity in Canadians with
spinal cord injury or disease (SCI/D) in the first 18 months following inpatient rehabilitation admission.
Method: AWorking Group comprised of Canadian subject matter experts in the Domain of Tissue Integrity was
formed to define the construct of tissue integrity. A literature review was conducted and a Driver diagram
produced to identify factors that influence tissue integrity in individuals with SCI/D. Facilitated meetings were
conducted to identify and achieve consensus on structure, process and outcome indicators. Rapid cycle
testing was used to pilot test proposed indicators for face validity and feasibility within a quality improvement
context.
Results: The structure indicators are the proportion of patients with SCI/D who have access to a mirror for skin
checks and the proportion of patients who have access to patient education on tissue integrity; the process
indicator is the proportion of patients who completed daily head-to-toe skin checks; the intermediary
outcome indicator is pressure injury (PI) incidence during inpatient rehabilitation; and the final outcome
indicator is the proportion of individuals with intact skin at 18 months following rehabilitation admission.
Conclusion: The set of indicators established for the Domain of Tissue Integrity are specifically focused on
aspects of care that can impact the maintenance of tissue integrity and the prevention of PI and align with
current practice guidelines. The implementation and evaluation of these indicators nationally have the
potential to improve care for Canadians with SCI/D.
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Introduction
Spinal cord injury or disease (SCI/D) is a life-altering
condition that impacts multiple body systems leading
to several secondary health conditions. Pressure injury
(PI) is a common yet serious health complication
following SCI/D, with lifetime prevalence of 85–

95%.1,2 The National Pressure Ulcer Advisory Panel
(NPUAP)3 defines PI as “localized damage to the skin
and underlying soft tissue usually over a bony promi-
nence or related to a medical or other device. The
injury can present as intact skin or an open ulcer and
may be painful. The injury occurs as a result of
intense and/or prolonged pressure or pressure in combi-
nation with shear. The tolerance of soft tissue for
pressure and shear may also be affected by
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microclimate, nutrition, perfusion, co-morbidities and
condition of the soft tissue.”4 Up to 66% of individuals
with SCI will experience a PI in their lifetime.5 It has
been reported that 50% of wheelchair users experience
tissue breakdown due to prolonged sitting.6 Thirty-one
percent of PI in individuals with SCI occur over the
ischium, followed by trochanters (26%), sacrum (18%),
heel (5%), malleolus (4%) and feet (2%).7

PIs can occur at any time following a SCI, 20-33% of
individuals with SCI will develop a PI before admission
to inpatient rehabilitation.8–10 During inpatient SCI
rehabilitation, PI incidence ranges from 10% to
48%.8,11,12 Individuals who develop a PI during SCI
rehabilitation have poorer rehabilitation participation,
outcomes9,11, and longer lengths of stay.9,13 A non-
healing PI can have life-altering consequences resulting
in reduced quality of life,14,15 increased morbidity, and
mortality. Premature death attributed to PIs occurs in
7-8% of those with SCI who develop a PI.16

PIs have a significant economic impact on the health-
care system. A recent review of cost analyses estimated
that mean one-year hospital costs of PI and leg ulcers
for the general adult population without SCI was
$15,400 CAD for PI and $11,000 CAD for leg
ulcers.17 The additional PI hospital episode cost was
$1,151 from a health-care public payer perspective and
$31,344 from a hospital perspective.17 The Rick
Hansen Spinal Cord Injury Registry (RHSCIR)
reported that participants with traumatic SCI experien-
cing one or more PIs resulted in an increase of approxi-
mately $7,451 CAD to the cost of each acute RHSCIR
site hospital admission.18

In order to address the significant impact of PI, main-
tenance of tissue integrity and PI prevention has become
an important patient safety priority in healthcare set-
tings in Canada and globally and is reflected in many
accreditation programs.19–22 Priority areas include: pre-
vention and effective management of PIs through best
practice guidelines,23 care pathways, and patient and
caregiver resources.4,24,25

PI risk factors after SCI/D include: increasing age,
male, increasing time post-injury, motor complete
injury, severity of muscle atrophy, presence of urinary
or fecal incontinence, renal impairment, anemia, under-
weight, increased tissue temperature,24 difficulties with
level transfers26 or deep tissue injury on ultrasound.27,28

With greater focus on patient safety in healthcare set-
tings, organizations like the Agency for Healthcare
Research and Quality and the Institute for Healthcare
Improvement have identified the need for quality indi-
cators related to PI to measure the effectiveness of
quality improvement interventions.21,29 Despite this,

further active implementation initiatives30 are needed
to integrate existing learnings in the area of tissue integ-
rity. Calls to action urging improved coordination of
care to reduce the incidence and impact of PI on individ-
uals with SCI are also needed.31,32

Indicators of quality rehabilitation care, which
include the prevention and management of PI, can be
categorized as structure, process and outcome.
Structure indicators are defined by the properties of
the setting in which healthcare services occur33 while
process indicators describe the specific activities in pro-
viding and receiving of care.34 Outcome indicators
reflect the patient’s mortality, morbidity, health status,
health-related quality of life and patient/family/provi-
der satisfaction as a result of the care.34 Together,
these indicators can create an evaluation framework
for implementation across settings to inform the devel-
opment of benchmarks of exemplary care.
The SCI Rehabilitation Care High Performance

Indicators (or “SCI-High”) Project endeavors to
advance SCI/D rehabilitation care by 2020 through con-
sensus derived development/selection, implementation,
and evaluation of indicators of quality care for 11
Domains of rehabilitation care prioritized by clinicians,
researchers and individuals living with chronic SCI/D.
(www.sci-high.ca). This paper describes the processes
involved to select and develop a framework of structure,
process and outcome indicators related to the Domain
of Tissue Integrity from the time of rehabilitation
admission and up to 18 months thereafter among indi-
viduals with SCI/D.

Methods
A detailed description of the overall SCI-High Project,
the approach to prioritization of SCI rehabilitation
care Domains, and the methods and process for identi-
fying Tissue Integrity as a priority Domain for SCI
rehabilitation care are explained in related manuscripts
in this issue.35,36 In addition to the Project Team, an
External Advisory Committee and Data Strategy
Committee supported global project goals and provided
oversight and context for implementation.
The approach to developing the structure, process and

outcome indicators for Tissue Integrity followed a
modified, but similar, approach to that described by
Mainz.37 This included the following planning and
development phases: (a) formation and organization
of the national and local Working Group (e.g. Tissue
Integrity Working Group);36 (b) defining and refining
the key Domain and specific target construct; (c) provid-
ing an overview/summary of existing evidence and prac-
tice; (d) developing and interpreting a Driver diagram;
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(e) selecting indicators; and (f) pilot testing and refine-
ment of the Domain-specific structure, process and
outcome indicators. Throughout the process of develop-
ing structure, process and outcome indicators for the
Tissue Integrity Domain, a facilitated discussion
occurred amongst the Working Group and SCI-High
Project Team to utilize relevant expertise in the area of
tissue integrity, while ensuring the broader goals of the
SCI-High Project were aligned across the other
Domain Working Groups (as appropriate).

Tissue Integrity Working Group
Experts in tissue integrity and stakeholders from across
Canada were invited to participate in the SCI-High
Project as members of the Domain-specific Working
Group based on their knowledge of SCI/D rehabilitation,
tissue integrity, and health service provision. The group
was composed of clinicians, scientists and postdoctoral
fellows.TheWorkingGroupmet three timesviaconference
call over two months, totaling three hours of discussions
when developing the indicators, and an additional two
hours, to refine the indicators and discussmanuscript prep-
aration.TheWorkingGroup’s effortswere bootstrapped to
prior collaborative efforts among: (1) The Knowledge
Mobilization Network, a pan-Canadian collaborative
focused on best practice implementation, initially focused
on PI prevention at six rehabilitation sites in Alberta,
Ontario and Quebec;23 (2) the electrical stimulation for
wound healing clinical collaborative38 which led to the
release of best practice guidelines for PIs in persons with
SCI/D,24 and, (3) RHSCIR 2.0 data sets which included
incidence and prevalence of PIs.39 In addition, Working
Group members completed independent reviews of pre-
pared materials, shared resources and practice standards
via email or teleconference, or conducted independent
pilot implementations and evaluations of proposed indi-
cators outside of scheduled meetings.

Construct definition and Driver diagram
Prior to the development of indicators, the Working
Group established consensus on the construct definition
for tissue integrity and ensured the definition was
aligned with newest concepts and terminology.40 The
group adapted the construct definition established in
the Rehabilitation Environmental Scan Atlas41 to the
following: Maintaining tissue integrity after SCI/D
involves the prevention and management of pressure
injury in areas of the body where sensation is diminished
or absent. The overall aim for the Tissue Integrity
Working Group was to reduce the overall incidence and
severity of pressure injuries among individuals with SCI/
D throughout their lifetime.

The selection of Tissue Integrity as a Domain of inter-
est for developing indicators emerged from a consensus-
building activity to select the broader set of Domains
being pursued in the larger initiative. This process
involved a systematic search to collect information
about SCI/D rehabilitation care related to tissue integ-
rity and factors that influence outcomes and a scoping
synthesis of the data acquired. Medline and CINAHL
databases were searched using combinations of the fol-
lowing terms: “pressure ulcers”, “wounds and injuries”,
and “spinal cord injury”. Non-English manuscripts and
inappropriate study designs were excluded. This infor-
mation was used to create a Driver diagram to illustrate
known drivers or factors that impact tissue integrity
among individuals with SCI/D (Figure 1). A Driver
diagram is a visual display of a high-level quality
improvement goal, and a set of underpinning factors/
goals. The tool helped to organize change concepts as
the Working Group discerned “what changes can we
make, that will result in goal attainment”. As the
Domain of Tissue Integrity includes prevention and
treatment of PIs, both concept areas were incorporated
into the Driver diagram (red branches). The impairment
branch of the Driver diagram is common to all 11
Domains. The branches shown in red (Figure 1) rep-
resent the main foci for development of Tissue
Integrity indicators based on expert consensus.

Selection of indicators
The Working Groups were asked to develop/select at
least one structure, process and outcome indicator
related to the Domain of Tissue Integrity. Leaders stipu-
lated that indicators must be relevant, concise and feas-
ible (10 minutes or less) to implement, and aligned
across structure, process and outcome indicator in
achieving a single substantive advance in SCI rehabilita-
tion care. The indicators could be measured using estab-
lished or new measurement tools (i.e. questionnaires,
data collection sheets, and medical record data),
depending on requirements and feasibility of a given
indicator. With this consideration, Tissue Integrity indi-
cators that met the above criteria and could address
aspects of PI prevention were identified. Consensus
was attained among the Working Group using their
clinical and research expertise to decide which indicators
would most directly relate to the overall goal of reducing
PI incidence.

Indicator piloting
Once consensus was established on a proposed set of
indicators, pilot testing for feasibility was conducted at
an inpatient rehabilitation setting using rapid Plan-Do-
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Study-Act (PDSA) cycles.42 These short-term quality
improvement testing cycles allowed for quick qualitative
evaluations, feedback and refinement of tools or
processes.

Results
Selection/development of structure, process and
outcome indicators for Tissue Integrity required review
and refinement of the Driver diagram shown in
Figure 1. To select indicators with maximum impact,
the group decided to focus on the prevention branch
of the Driver diagram, with the rationale that prevention
of PIs was the area that could be monitored for all
patients. PI interventions/treatments would only
address patients who had a PI, and would not serve all
individuals potentially at risk. Table 1 summarizes the
type of indicators, denominator, and timing of each
measurement for the selected Tissue Integrity indicators
chosen by the Working Group.

Indicator piloting
The described indicators are intended for use with all
patients admitted for tertiary SCI/D rehabilitation
regardless of impairment etiology (trauma or non-
trauma), whether for an initial or subsequent admission,

and to follow patients longitudinally from the time of
rehabilitation admission through to 18 months after
the date of rehabilitation admission.
The feasibility of the structure indicator questionnaire

and the process indicator were tested within a tertiary
SCI/D inpatient rehabilitation hospital in Toronto
using rapid PDSA cycles. Six patients undergoing
SCI/D rehabilitation were visited for 10 consecutive
days to test the feasibility of the process indicator.

Structure indicator
Both structure indicators were pilot tested using the
patient questionnaire (Table 2) during the first visit.
The Project Team also reviewed the variety of hand-
held mirrors and consulted with the local skin and
wound clinic regarding desired mirror features and
price. Mirror features including the length of handle,
tilt options, weight and ability of persons of varying
ability to lift and carry as well as process considerations
for use and replacement were also discussed.
The questionnaire was piloted by five of six inpatients

who reported receiving information about tissue integ-
rity management while four indicated that they were
taught how to “check their skin”. Although tissue care
education was well-established, all six pilot inpatients

Figure 1 Tissue Integrity Driver diagram. UEMS: Upper-Extremity Motor Score; LEMS: Lower-Extremity Motor Score; NLI:
Neurological Level of Injury; AIS: ASIA Impairment Scale; HR: Heart Rate; BP: Blood Pressure; EST: Electrical Stimulation Therapy;
SWLS: Satisfaction with Life Scale. * Electromagnetic energy, ultraviolet-C light, noncontact non-thermal acoustic therapy, topical
oxygen,Maggot therapy, topical recombinant growth factors, recombinant human erythropoietin, anabolic steroids, activated factor
XIII, tension therapy, and hyperbaric oxygen.
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interviewed reported they did not own a mirror because
they didn’t perceive a need for one (low risk or unable to
use mirror) and financial constraints, or because they
planned that someone else (family/caregiver, healthcare
staff) would check their skin post-discharge. No chal-
lenges were identified after the first and only PDSA
cycle for the structure indicator patient questionnaire,
resulting in no major changes except removing the
option “Unknown” in all questions, and adding the
option “Unable to use it” in question 4.

Process indicator
Two PDSA cycles were completed for the process indi-
cator. During the first, we quickly identified that some
patients did not answer the question regarding daily
skin checks, but answered once the administrator came
to switch the cards. Thus, we added fields to track if
completing the card was patient-initiated or triggered
by the administrator checking the card.

During the second PDSA, all six patients received a
SCI-High Daily Skin Check Card (Figure 2) daily, for
10 days. Patients were instructed to complete the daily
skin check cards for 10 consecutive days. The cards
asked a yes/no question: “Did you or someone else
check your skin from head-to-toe today?”. The completed
card was collected during lunch (12-pm) daily and a new
card was provided, resulting in 60 total cards distributed.
A YES response was coded if the entire head-to-toe skin
check was completed. Otherwise, if a region on the card
was missed (e.g. ankles), the response was coded as NO.
Assistance was provided by the administrator, healthcare
provider or family in physically completing the paper
questionnaire if individuals were unable to complete inde-
pendently. Barriers to implementation of the structure
indicator questionnaire and the daily skin check cards
were also noted.
When considering all responses, independent of who

completed the card (i.e. patient or administrator), 4

Table 2 Patient questionnaire for the Tissue Integrity structure indicator.

1. Has someone from your healthcare team (nurses, doctors, therapists) spoken to you about the risk of pressure sores/injuries?
□ No □ Yes □Not sure

2. Has someone from your healthcare team (nurses, doctors, therapists) taught you how to check your skin?
□ No □ Yes □Not sure

3. Do you have a hand-held mirror?
□Yes, I use daily
□Yes, I use it often (more than 3 times/week)
□Yes, but I hardly use it (less than 3 times/week)
□No
□Not sure

4. If you do not have a mirror, please select all that apply:
□Not needed
□Unable to purchase one
□Unable to use it
□Lost/Broken
□Not Sure
□Nobody told me
□Other: ______________

5. Do you have any questions or concerns with regards to your skin health? _________________

Table 1 Structure, process and outcome indicators for Tissue Integrity, with a focus on prevention of pressure injury.

Indicator Denominator Type of indicator Time of measurement

Proportion of patients with access to education/
resources related to tissue integrity and pressure
injury

Number of non-ambulatory
individuals with SCI/D

Structure Annual

Proportion of individuals with SCI/D with access to
hand-held or portable mirror for skin check

Number of non-ambulatory
individuals with SCI/D

Structure Discharge

Proportion of individuals with SCI/D who completed
daily head to toe skin checks

Mean of the daily head to toe
skin check per month

Process Annual

Proportion of individuals with SCI/D diagnosed with
a pressure injury

Number of non-ambulatory
individuals with SCI/D

Outcome –

Intermediary
Rehabilitation admission/
Discharge

Proportion of individuals with SCI/D diagnosed with
intact skin

Number of non-ambulatory
individuals with SCI/D

Outcome – Final 18-month post
rehabilitation admission
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out of 6 patients checked their own skin daily or had
their skin checked daily by a healthcare team member
for 10 days. The remaining two patients reported only
two times where their skin was not checked, and one
time where they did not know if it had been checked.
We also recorded if completing the card had to be

triggered by the administrator or the patient, in response
to the results of the first PDSA cycle. One person filled
their own card eight times in 10 days; one person filled
their own card seven times in 10 days; the remaining
four patients filled their own card less than three times
in 10 days. Although the patient’s proactivity in filling

out cards was low (e.g. completed by administrator or
healthcare member; n = 37), patients reported that
cards were a helpful visual reminder for daily skin
checks. Eleven out of 60 cards were not filled out, and
the patient was not available for clarification of reason
during the scheduled card exchange.

Skin check feasibility questionnaire
During the last day of data collection, patients were
asked about the feasibility of the skin check cards
(Table 3). Data were collected from five of six partici-
pants; one participant was discharged from hospital
on the last day of piloting and therefore did not com-
plete the feasibility questionnaire. Two patients rated
the usefulness of skin check cards as reminders to
check their skin for PIs as a 4, on a 5-point scale, with
1 being not useful and 5 being very useful. Two patients
gave a rating of 2. All but one patient agreed that cards
were easy to use, requiring an average of 12 seconds
(standard deviation: 10.4) to complete. We also inquired
about patient’s interest in converting from a paper to
software version of skin check cards (i.e. mobile technol-
ogies). Two of three patients indicated they would not
use a cell phone application to record completion of
daily skin check after discharge from inpatient rehabili-
tation. This was contrary to our assumption that an

Figure 2 SCI-High daily skin check cards for the process indicator. Illustration used with permission from Spinal Cord Injury
Ontario and adapted from Preventing and Treating Pressure Sores: A guide for people with spinal cord injuries (2015). https://
sciontario.org/support-services/resources/living-with-an-sci/skin-health-pressure-injuries/.

Table 3 Skin check feasibility questionnaire.

1. Do you think the skin check cards were useful as a reminder to
check your skin for pressure injuries daily?
Not useful □1 □2 □3 □4 □5 Very useful

2. Were the cards easy to use?
Complicated □1 □2 □3 □4 □5 Very simple

3. How long did it take to complete the cards? _______ s

4. How would you improve the skin card system?
________________________________

5. Thinking about going home, if this was an app, would you use
it? __________________

6. Do you have any other comments or feedback?
________________________________
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application linked to an individual’s cell phone might be
a good daily prompt for skin check completion and a
means of tracking daily skin check completion.

Discussion
This initiative resulted in the development and prelimi-
nary pilot testing of a set of structure, process and
outcome indicators in the Domain of Tissue Integrity
for individuals with SCI/D during the first 18 months
after inpatient rehabilitation admission. The objective
was to promote and establish patient’s self-awareness
regarding daily skin checks prior to rehabilitation dis-
charge. Although the structure and process indicators
selected only represent one aspect of tissue integrity,
specifically daily skin checks, the Working Group felt
that implementing and evaluating these indicators
would have a meaningful impact on SCI/D rehabilita-
tion relative to the tissue integrity that others would
endorse.43 Provision of prevention education has also
been shown to reduce PI recurrence.21 Other
drivers21,38 of tissue integrity such as PI risk assessment
have previously been implemented through other initiat-
ives26 and are often required to be monitored organiza-
tionally.20 We acknowledge that daily skin checks are a
beneficial and necessary first step, but are not to suffi-
cient to guarantee the absence of PIs, and that several
other practices contribute to maintenance of tissue
integrity in individuals with SCI/D.24,44

Despite education regarding the importance of daily
skin checks, theyare not consistently performedby individ-
uals with SCI/D. A Dutch study indicating that less than
50% of individuals with SCI living in the community per-
formed daily skin checks and pressure relief strategies.45

Our pilot test results, as well as qualitative feedback from
clinicians, suggests that the process of monitoring com-
pletion of daily skin checks could have a meaningful and
longitudinal impact on increasing patient and healthcare
provider accountability regarding maintenance of tissue
integrity. Interestingly, during pilot testing, some patients
reliant on staff to complete their skin check due to poor
hand dexterity or severe upper extremity or trunk impair-
ment reported that their skin was not checked.
Nonetheless, follow-up with nurses indicated that skin
was checked but hadn’t been discussed with the patient,
nor documented. These observations created opportunity
for immediate feedback and practice improvements to
enhance mutual accountability of nurses and patients.
Opportunities to augment documentation practices and
promote charting by exception within care maps were
additional ideas identified to increase clarity of documen-
tation and communication. The initial aim is for nurses
to model skin check behavior, and during admission,

individual patients learn to complete daily skin checks
independently (with or without aids). The Working
Group acknowledges that early PI recognition is a key
step in reducing the PI severity and that access to appropri-
ate inter-professional expertise and local resources to
manage a PI (once detected) to prevent progression and
restore tissue integrity are crucial next steps.
During the early Tissue Integrity Working Group dis-

cussions, the group expressed apprehension about not
focusing our efforts in the acute care phase due to a
high percentage of patients with SCI acquiring a PI
prior to rehabilitation admission.8–10 The group agreed
that although management of PIs in acute care is impor-
tant, it was beyond the current SCI-High Project scope
and context for decision making, but would be an
ideal area for future indicator development.
The Tissue Integrity Working Group also suggested

the need for indicator development in the community
after rehabilitation discharge given the high lifetime
incidence of PI in individuals with SCI/D. Working
Group members agreed that monitoring the proportion
of individuals with intact skin at 18 months following
SCI rehabilitation admission would be an important
benchmark. Furthermore, the Working Group felt that
inpatient rehabilitation is a time following SCI/D,
where there is a strong focus on patient education,
self-management, and transition to community living.
Efforts focusing on prevention of PI during this
crucial period while acquiring important skills regarding
daily skin monitoring can facilitate the establishment of
a strong routine to promote lifelong maintenance of
tissue integrity. Surprisingly, respondents did not think
that having a mobile application reminder on their cell
phone would be helpful. However, it was a small
sample size and an alternative reminder system to
increase daily skin checks should not be dismissed.
These issues require further exploration since
Vershueren and colleagues46 found that the occurrence
of PI during acute rehabilitation was a strong predictor
for future PI development. Therefore, efforts to prevent
PI development during inpatient rehabilitation should
have lasting effects following community reintegration.
Results from our pilot testing indicate that no partici-

pants owned a mirror, suggesting a need for further
exploration to better understand barriers for mirror
deployment from an organizational perspective, which
may be inadvertently influencing behavior among individ-
uals with SCI/D. There may also be unconscious bias in
how mirrors are distributed and introduced to patients.
For example, ready access to affordable mirrors may
facilitate uptake if cost was identified as a barrier.
Alternatively, establishing a process for staff to understand
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who needs a mirror, what type of mirror is appropriate
based on impairment may be necessary. Moreover, estab-
lishing processes for purchasing and dissemination of
mirrors and policies for replacing mirrors may also be
necessary to improve mirror usage for daily skin checks.
The Tissue Integrity indicators will be deployed pro-

vincially at five sites in Ontario in 2019, with plans for
national implementation underway. These indicators
when combined with the RHSCIR pressure injury
data elements18 and Knowledge Mobilization Network
efforts30 will serve to provide a better understanding of
the epidemiology of tissue injury across the continuum
of care in the first two years following injury.

Conclusion
The overall objective of the SCI-High Project is to
advance SCI/D rehabilitation care by 2020. We have
described the process for the identification of structure,
process and outcome indicators for the Tissue
Integrity Domain for implementation as part of SCI/
D rehabilitation in Canada. Standardized timing for
documentation of mirror deployment and use during
daily head to toe skin checks will enable national
exploration of the associations between PI incidence
and performance of daily skin checks for PI prevention
among individuals with SCI/D. We anticipate that the
national implementation and evaluation of the proposed
structure, process and outcome indicators related to the
Domain of Tissue Integrity will drive health system, site,
clinician and patient reflection and behavior change
related to PI prevention practices with the expectation
of improved quality of life for individuals with SCI/D
and reduction in economic burden to the health system.
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