
Spinal Cord (2018) 56:823–836
https://doi.org/10.1038/s41393-018-0138-3

REVIEW ARTICLE

Self-management interventions for skin care in people with a spinal
cord injury: part 1—a systematic review of intervention content
and effectiveness

Justine S. Baron1
● Katrina J. Sullivan1

● Jillian M. Swaine2,3 ● Arlene Aspinall4,5 ● Susan Jaglal6,7 ● Justin Presseau1,8
●

Barry White4 ● Dalton Wolfe9,10 ● Jeremy M. Grimshaw1,11

Received: 19 November 2017 / Revised: 2 April 2018 / Accepted: 4 April 2018 / Published online: 25 May 2018
© The Author(s) 2018. This article is published with open access

Abstract
Study design Systematic review.
Objectives To review the content and effectiveness of skin care self-management interventions for people with SCI.
Setting International.
Methods We searched electronic bibliographic databases, trial registers, and relevant reference lists. Eligibility criteria for the
reviews of intervention content and effectiveness were identical with the exception of study design. The review of intervention
content included non-randomized and randomized controlled trials (RCTs). The review of effectiveness included RCTs. A
Behavior Change Technique (BCT) taxonomy of 93 BCTs was used to code intervention content. Intervention effects on
outcomes of interest are summarized descriptively. Effect sizes were calculated, and the Cochrane risk of bias tool applied.
Results In all, 15 studies testing 17 interventions were included in the review of intervention content. Inter-
ventions in these studies included 28 BCTs. The most common were “instructions on how to perform behavior”
(16 interventions), “credible source” (12 interventions), and “social support (unspecified)” (9 interventions). Ten
RCTs were included in the review of intervention effectiveness and they measured knowledge, self-efficacy, and
skills relating to skin care/pressure ulcer (PU) prevention, skin care behaviors, skin status (PU prevalence,
severity, and time to PU), and health-care utilization for skin problems. Evidence to support intervention effects
on these outcomes was limited, particularly for clinical outcomes. Risk of bias assessments was often incon-
clusive due to poor reporting.
Conclusions There is potential to design SCI skin care interventions that include currently untested BCTs. Further
research and better consistency in outcome measurements and reporting are required to synthesize evidence on
effectiveness.
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Introduction

Pressure ulcers (PUs; or pressure injuries) are among the
commonest secondary complications affecting people
with a spinal cord injury (SCI) living in the community.
Period prevalence over 3 months has been found to be as
high as 34.7% [1]. PUs lead to high rates of health-care
utilization following discharge from SCI rehabilitation,
and one PU adds an average of $18,758 to hospital
admission costs in Canada [2]. They result in significant
social (e.g., isolation) and financial (e.g., unemployment)
limitations, as well as psychological difficulties (e.g.,
negative emotions) [3].

One way to help prevent PUs in the SCI community is by
influencing modifiable risk factors, such as patients’ self-
care behaviors. Preventive skin care is less than optimal in
the SCI community, with one study suggesting that 29.9%
of PUs are associated with self-care behaviors [4]. Some
skin care behaviors are commonly performed by people
with SCI (e.g., skin care in case of incontinence and
examination of the cause of PUs). Others such as daily skin
checks and pressure relief are performed by 50% or fewer
[5]. Similarly, less than 5% of people with SCI adhere to
dietary recommendations [6], 37% are inactive [6], and 30%
delay visiting a physician after detecting a PU [7].

Self-management interventions for people with SCI have
been designed to reduce non-adherence to preventive skin
care. Three reviews [8–10] have synthesized this work, but
they focus only on educational interventions, technology-
based interventions, or behavioral and educational inter-
ventions with a primary focus on PU prevention. None of
these reviews has used a systematic approach to describe
intervention content. Systematically describing intervention
content is an important step in building a cumulative sci-
ence [11]. The aims of this study were to: (1) review the
active ingredients in self-management interventions for skin
care in SCI and (2) review the effectiveness of these same
interventions. A separate publication [12] reports on theory
use and reporting quality.

Methods

We published a protocol [13] prior to undertaking this
review. Common search and study selection procedures
were used to address aims 1 and 2. Eligibility criteria for
these aims were also identical, with the exception of study
design. A greater number of study designs were eligible to
address aim 1 as this work was performed to better under-
stand the content of the interventions designed in this area
of research. In contrast, the focus on effectiveness in aim 2
resulted in restricting study designs to randomized con-
trolled trials (RCTs).

Search strategy

Bibliographic databases

A MEDLINE search strategy was designed to include
search terms on SCI, self-management, and skin care. The
MEDLINE search strategy was peer-reviewed by an
independent librarian using the Peer-Review of Electronic
Search Strategy checklist [14]. In consultation with the
librarian, it was adapted for use in four other large elec-
tronic databases (Embase, PsycINFO, CENTRAL, and
CINAHL). Smaller databases (REHABDATA, CIRRIE,
PeDro, and ERIC) were searched using keywords and
subject headings if available. All search strategies were
run on 23 February 2016 and are presented in Supple-
mentary Information 1.

Additional data sources

Relevant posters, abstracts, and conference proceedings
identified via the electronic bibliographic database search
were used to search for papers. In addition, reference lists of
relevant published protocols, systematic reviews, and of the
final list of included studies were hand-searched. Authors
were contacted for further information and publications.
Authors announcing a forthcoming publication were recon-
tacted in March 2017 to identify accepted or published papers.

Trial registers (World Health Organization International
Clinical Trials Registry and Meta-Register of Controlled
Trials) were searched on 21 June 2016 using keywords (see
Supplementary Information 1). Publications related to
relevant studies were searched. If none were found, prin-
cipal investigators were contacted for information and
publications.

Eligibility criteria

To address aim 1 (review of the content of skin care self-
management interventions for people with SCI), RCTs and
non-randomized trials with a control group receiving
standard care and published in English were included.
Studies must have primarily involved people with SCI
(representing 50% or more of the sample). Included stu-
dies tested interventions that addressed, at least in part,
skin care self-management capabilities related to PU pre-
vention. Given that multiple behaviors are often addressed
to varying degrees in SCI self-management interventions,
studies needed to include measurement of at least one of
the following outcomes of interest: mediators of skin care
behaviors (e.g., self-efficacy or skills, and knowledge
relating to skin care or PU prevention), skin care beha-
viors, and PU-related clinical outcomes (e.g., PU pre-
valence, incidence, re-occurrence, or severity). Studies
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with a primary focus on PU treatment were excluded, as
were studies targeting more lifestyle-related behaviors
(e.g., improving nutritional intake or physical activity and
smoking cessation) that can affect physiological indicators
of skin health. No exclusion criteria were applied with
respect to intervention delivery setting (e.g., inpatient,
outpatient, and community), length of follow-up, or pub-
lication date.

The same eligibility criteria were applied to address aim
2 (review on effectiveness), with the exception of study
design that was restricted to RCTs.

Study selection

Two reviewers (J.S.B. and J.M.S.) independently screened
titles and abstracts of bibliographic database search results.
Articles not meeting inclusion criteria were removed. Full
texts of remaining publications were then independently
reviewed.

J.S.B. was responsible for the identification of potentially
relevant papers using additional data sources. J.M.S.
screened papers identified as potentially relevant based on
their titles and abstracts. Both reviewers then independently
screened full texts.

Discrepancies in screening outcomes were discussed
until consensus was reached. A third reviewer (J.M.G.) was
consulted in case of disagreement.

Data extraction

A data extraction spreadsheet was designed in Excel to
capture general information, study characteristics, partici-
pants, intervention characteristics, measurements, data
analyses, and intervention effects (see protocol [13]). It was
piloted on two papers reporting SCI behavioral interven-
tions and ineligible for inclusion in this review.

Two reviewers (J.S.B. and K.J.S.) independently
extracted data. Discrepancies were discussed until con-
sensus was reached, or a third party was consulted (J.M.G.).

Aim 1: Review of intervention content (RCTs and
non-RCTs)

Data extraction for intervention content was based on
intervention and control group treatment descriptions in
eligible papers, and in any related papers and intervention
materials located by reviewers (e.g., cited in text) or during
correspondence with authors. These materials could include
published protocols, intervention pilots, intervention
development papers, and any unpublished document sup-
porting intervention delivery (e.g., intervention manuals,
scripts, and PowerPoint slides). Intervention components
delivered to SCI participants were coded into behavior

change techniques (BCTs) [11], defined as the smallest
observable and replicable components of behavioral inter-
ventions designed to bring about change. The BCT tax-
onomy [11] includes 93 BCTs (see Supplementary
Information 2). It comes with online training, which both
coders completed. Our protocol suggested that we would
also use a second, broader taxonomy of self-management
components [15]. Results using this broader taxonomy were
not considered to add value to the more precise BCT tax-
onomy codes and have, therefore, not been reported here
(available upon request).

Aim 2: Review of intervention effectiveness (RCTs
only)

We examined effectiveness of interventions tested in RCTs,
and focused on extracting data for time points where
intervention and control group participants were assessed. It
was anticipated that a meta-analysis would not be feasible,
given our preliminary knowledge of the varied outcome
measures in SCI self-management studies. Intervention
effects are described, classified by outcome type (mediators
of skin care, skin care behaviors, and clinical outcomes) but
are not statistically pooled.

We aimed to present effect sizes and 95% confidence
intervals (CIs) where sufficient data were available and for
studies with samples larger than 10 participants. Hedges’ g
[16] effect size was used for continuous outcomes and odds
ratio (OR) was used for categorical data. Hedges’ g is
interpreted the same way as Cohen’s d (0.2= small, 0.5=
medium, and 0.8= large). Data pertaining to the longest
follow-up were used for these effect size calculations. We
report continuous outcomes as a percentage change from
baseline and as a mean score at follow-up if both were
provided, but the effect size was computed using mean
scores. When scale and individual item scores were avail-
able for the same outcome, the former were used for effect
size calculations. Authors were contacted when outcome
data were incomplete or unclear.

To complement our assessment of effectiveness with one
of study quality, two reviewers (J.S.B. and K.J.S.) inde-
pendently assessed risk of bias using the Cochrane tool
[17]. This tool focuses on random sequence generation,
allocation concealment, blinding of study personnel and
outcome assessors, incomplete outcome data, selective
reporting, and other sources of bias (rated as “low risk”,
“high risk”, or “unclear risk” of bias). The domain blinding
of outcome assessors was split into two items, one for
mediators of behavior and the second for PU-related clinical
outcomes, and studies that did not include these outcomes
were rated as “Not Applicable”. Disagreements between
reviewers were resolved by discussion. A third author (J.G.)
was consulted for arbitration.

Self-management interventions for skin care in people with a spinal cord injury: part 1—a systematic. . . 825



Results

Figure 1 is a PRISMA flow diagram. Electronic bibliographic
databases and additional data source searching returned 2412
papers. Following title and abstract screening, 62 were
screened in full text. Seventeen were eligible for the review
on intervention content (aim 1). A list of excluded studies is
available in Supplementary Information 3. These 17 papers
described 15 studies, 10 of which were RCTs and therefore
included in the review on intervention effectiveness (aim 2).
Publications used to maximize data extraction included a
published protocol [18], intervention development or pilot
test publications [19–21], and one erratum [22].

Aim 1: Review of intervention content (RCTs and
non-RCTs)

The 15 studies reviewed tested 17 different interventions.
Fifteen control groups received standard care consisting in
very limited or no contact with health-care professionals

(HCPs) or intervention deliverers (10 studies [23–33]), and
minimal education (five studies [22, 34–38]). A description
of intervention and control group treatments is in Table 1.

The interventions tested in the 15 studies can be classi-
fied into five categories according to their primary compo-
nent and mode of delivery, and irrespective of BCTs:

1. Structured education programs (five studies [22, 32,
34–37] including two RCTs [22, 34, 36]): Interven-
tions consisted of educational sessions that were pre-
defined in content and delivered to individuals (one
study [22, 36]) or groups (four studies [32, 34, 35, 37]).
Follow-up phone calls to deliver behavior reminders
and motivational interviewing were included in two
studies [22, 34, 36].

2. Telehealth (four studies [24, 25, 28, 29, 33] including
three RCTs [24, 25, 29, 33]): These interventions
were primarily delivered to individuals using video-
or phone-based technologies. Participants were pro-
vided with health education, monitoring of skin health

Fig. 1 PRISMA flow diagram.
Systematic review of skin care
self-management interventions
for people with SCI
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by study personnel, guidance on skin care behaviors, a
review of their needs by a HCP, and/or advice and
support to manage SCI complications including PUs
(if necessary).

3. Wheelchair skills training (three RCTs [23, 27, 38]):
These studies evaluated the same Wheelchair
Skills Training program that aimed to improve
participants’ performance of a range of wheelchair
skills. The majority of wheelchair skills were related
to mobility and ability to navigate their environment.
A smaller proportion of skills related to pressure
relief for skin care (“relieving weight from
buttocks”).

4. Risk assessment and feedback (two studies [26, 31]
including one RCT [31]): These interventions made
the risks associated with certain body positions and
behaviors salient. One study [26] provided partici-
pants with visual feedback on the effects of pressure
distribution. The second study [31] consisted of
providing automated (i.e., computer-generated) and
in-person feedback on the risks associated with some
behaviors in the prevention of secondary complica-
tions including PUs.

5. Body-positioning skills training (one RCT [30]): This
intervention encouraged participants to change body
position through demonstration, practice, reinforce-
ment, and personalized guidance on pressure relief
frequency.

The BCT taxonomy was applied to all 17 interventions
(k) and 15 controls (c) group treatment descriptions.
Intervention materials were used to support coding of seven
[22, 23, 25, 27, 33–36, 38] (42%) of the 17 interventions
reviewed (see Supplementary Information 4 for a list of used
and missing intervention materials). Reasons for non-
availability of intervention materials included authors no
longer having copies of materials, lack of corresponding
email addresses to contact authors, author preference to keep
documents confidential, and author non-response.

One study [34] included the delivery of care components
before randomization (i.e., instructions on how to perform
skin care and biofeedback). As these were likely to influ-
ence skin care and PU outcomes, a decision was made to
code them for both intervention and control group treat-
ments. In four other studies [23, 27, 35, 38], the intervention
materials used to code BCTs provided a full description of a
program. It remained unclear whether the full program was
implemented, but none of the authors reported adjustments
or tailoring to local context.

On average, 12.3 ± 4.0 BCTs (range 8–17, median 12)
were coded in the seven interventions for which interven-
tion materials were available. In these, 6.4 ± 2.1 BCT codes
(range 2–8, median 7) were unique to intervention materials

(i.e., absent from intervention descriptions in published
papers). For the 10 interventions for which no supporting
materials were available, the average number of BCTs was
3.3 ± 1.8 BCTs (range 0–6, median 3). For control group
treatments, the average number of BCTs coded was 0.8 ±
0.9 (range 0–3, median 1).

The 17 interventions included 28 (30 %) of the 93 BCTs
listed in the BCT taxonomy (see Fig. 2 for a graphical
display, and Supplementary Information 5 for the studies
they apply to). The three most commonly coded BCTs were
instructions on how to perform behavior (k= 16, 94 %),
credible source (interventions where verbal or visual com-
munications in favor of or against the behavior are pre-
sented by a credible source, e.g., HCP; k= 12, 71 %), and
social support (unspecified; k= 9, 53%).

Four BCTs were coded across the 15 control group
treatment descriptions (see Supplementary Information 6):
social support (unspecified; c= 5, 33%), credible source (c
= 3, 20%), instructions on how to perform behavior (c= 2,
13%), and biofeedback (c= 2, 13%). The small number of
BCTs coded reflects the low level of intervention associated
with standard care, as well as the lack of description of
control group treatment [39] (see Table 1).

Aim 2: Review of intervention effectiveness (RCTs
only)

Table 1 includes detailed information on key characteristics of
the 10 RCTs [22–25, 27, 29–31, 33, 34, 36, 38]. Just over half
of RCTs (six studies [24, 29–31, 34, 38]) were specific to
people with SCI, and half (five studies [22–24, 27, 30, 36])
included a sample size of 50 participants or less. The shortest
intervention length was 2 h in one RCT [31], and the longest
was 2 years in two RCTs [22, 24, 36]. Only three interven-
tions were delivered during life in the community (no asso-
ciation with an inpatient stay) [23, 27, 38]. Intervention
groups in RCTs included 26 BCTs, the most common being
identical to those listed above.

Risk of bias

Figure 3 is a graphical display of overall risk of bias in the
10 RCTs [22–25, 27, 29–31, 33, 34, 36, 38]. Risk of bias
results for each study can be found in Supplementary
Information 7. Only three studies were judged not to have
a high risk of bias in any of the seven domains evaluated
[29–31]. Blinding of participants and personnel, and
incomplete outcome data reporting were the two risk of bias
domains most frequently rated “high risk”. A large pro-
portion of the risk assessment domains could not be rated
because of incomplete or unclear information (“unclear”).
Allocation concealment was the domain with the greatest
number of “unclear” ratings.
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Intervention effects on outcomes

A narrative summary of findings is presented below by
outcome measure, with Supplementary Information 8
detailing study findings. Effect sizes could be calculated in
four studies. They are included below.

Mediators of skin care behaviors

Mediators of skin care measured included knowledge, self-
efficacy, or skills relating to skin care.

Knowledge about skin care and PU prevention

A self-report measure of knowledge was included in three
studies [22, 31, 34, 36]. Two [22, 34, 36] studies used the
same Pressure Ulcer Knowledge test (unclear psychometric
properties). Complete reporting of knowledge data was
available in one study [22, 36] that found that an enhanced

educational inpatient program including 4 h of individua-
lized learning sessions resulted in significantly greater
knowledge about PUs compared to a short education pro-
gram delivered over 1–2 h. The effect size (Hedges’ g) was
0.71 (95% CI 0.06, 1.36).

Self-efficacy relating to skin care

Self-efficacy for skin care (i.e., confidence in one’s ability
to prevent and manage PUs) was measured in one study
[34] using a validated scale adapted for PUs. No data were
reported or provided by authors.

Skills relating to skin care

Four studies assessed skills relating to skin care [23, 27, 30, 38].
Three studies [23, 27, 38] testing a wheelchair skills training
program included a trainer administering a validated Wheelchair
Skills Test Questionnaire, which involves the assessment of

Fig. 2 Behavior change techniques coded to the 17 interventions reviewed
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over 30 individual wheelchair skills including one item on pressure
relief (ability to “relieve pressure from buttocks”). Individual scores
for the pressure relief skill were not reported in any of these studies.
Although significant improvements in overall wheelchair skill
summary scores were observed for the intervention group in all
three studies [23, 27, 38], none of the participants worked on the
pressure relief skill. This was by choice in two studies [23, 38], or
the result of successfully completing this skill at baseline in the
third study [27] (Ozturk A., personal communication, 14 February
2017).

A fourth study [30] that measured skills tested a 4-week
inpatient body-positioning training program in which
patients were taught how to change body position, and
received social reinforcement and encouragements to follow
an individualized body-positioning schedule. An HCP
assessed the degree of assistance required for body change
positions, using a self-developed scale with face validity. A
larger decrease in assistance needed was observed in
intervention participants at 4 weeks compared to controls.
The sample size, however, was small (n= 10).

Skin care behaviors

Four studies included a behavioral measure of skin care
[25, 30, 31, 33, 34]; however, data were only available for
three studies [25, 30, 33, 34]. Behavioral measures included
items relating to skin checks, pressure relief (e.g., frequency

of body position changes and intervals of prolonged skin
pressure), wheelchair cushion checks, alcohol and substance
abuse, help seeking with new or worsening skin breakdown,
and keeping skin clean and dry. The two studies [30, 34] for
which between-group differences were tested statistically
yielded mixed findings. The first study [34] compared a
self-management and skills training (problem solving, self-
monitoring, and mood and stress management) intervention
plus motivational interviewing follow-up phone calls to a
standard care self-management intervention without skill
training or motivational interviewing. The proportion of
skin care behaviors performed (measured using a self-
developed Skin Care Behavior Checklist with unclear psy-
chometric properties) did not significantly increase at 3 and
6 month follow-ups in the intervention group compared to
controls, and the effect size CIs crossed zero (Hedges’ g=
0.13, 95% CI −0.19, 0.46). In contrast, results of the second
study [30] (n= 10) indicated that a 4-week inpatient body-
positioning training program increased the frequency of
pressure relief behaviors measured via HCP observations.
Finally, descriptive statistics performed on the raw data sent
to our research team for a third study [25, 33] evaluating a
telehealth intervention (Houlihan B., personal communica-
tion, 3 April 2017) suggested that the greate st group dif-
ferences at follow-up were on two pressure relief items
(sitting and in bed), with the intervention group performing
pressure relief more frequently. The effect size calculated

Fig. 3 Risk of bias assessment results across the 10 randomized con-
trolled trials reviewed. Notes: High high risk of bias, low low risk of
bias, Uncertain unclear risk of bias. The “unclear” category was used
where there was insufficient detail for a conclusion to be reached, or
where there was no published/registered study protocol available (item
on selective outcome reporting). A decision about the selective

outcome reporting item was reached by comparing outcomes reported
on to measures outlined in registered or published protocols. If a
protocol was not available, this item was marked as “unclear”. In
addition, items on blinding of outcomes were rated “not applicable” if
skin care outcomes or pressure-ulcer-related outcomes were not
measured
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using the total scale score indicated a medium effect and CIs
did not cross zero (Hedges’ g= 0.60, 95% CI 0.25, 0.95).

Clinical outcomes related to pressure ulcers

Seven [22, 24, 25, 29–31, 33, 34, 36] of the ten RCTs
measured skin status. Measurement methods varied (parti-
cipant self-report [22, 29, 36], physical examinations carried
out by HCPs [24, 25, 30, 33], HCP assessment of photos
taken by patients/carer or patient self-report, and combined
with verification of medical records [31, 34]). Participants’
baseline skin status varied across studies (samples with and
without PUs [25, 30, 31, 33], with both closed and open
wounds [34], with a PU that had healed after surgical repair
[22, 36], or PU-free [24]).

With the exception of one study [29], all studies reported
some follow-up data on this outcome.

Only one intervention [22, 36] significantly improved
skin status compared to controls. These results suggest that
up to 4 h of structured education was more effective than the
standard 1–2 h education program in preventing PU recur-
rence after surgical repair [22, 36] (OR= 0.17, 95% CI
0.04, 0.68). Three studies [25, 31, 33, 34] evaluating tele-
health, self-management sessions plus motivational inter-
viewing, and a risk assessment and feedback on PU risk
factors' intervention did not find skin status variables (skin
worsening, time to skin worsening, and PU development) to
be significantly influenced (where calculated, OR 95% CIs
crossed 1). A significant subgroup analysis difference in PU
development was noticed in the telehealth trial [25, 33] with
intervention group females developing considerably fewer
PUs than males at 6 months. The two last trials assessing
PU prevalence and/or severity did not conduct statistical
tests [24, 30]. One [24] of these was a telehealth trial for
which the OR 95% CIs crossed 1, the other did not report
the data clearly [30].

Only one study [34] measured health-care utilization for
skin problems and number of days on bedrest. Results were
reported incompletely, but health-care utilization was not
significantly influenced by the intervention.

Discussion

To the best of our knowledge, this is the first study to
examine the content of SCI skin care interventions using the
BCT taxonomy. Twenty-eight of ninety-three defined BCTs
were coded in 17 interventions. This is a slightly higher
number of BCTs compared to those identified in a review of
home-based rehabilitation interventions [40] that includes
roughly the same number of studies, and a slightly smaller
number than a review of interventions for chronic back pain
and arthritis that includes 25 papers [41]. The number of

BCTs included in interventions is likely to vary according
to patients’ health behaviors, outcomes targeted, and the
complexity of the medical condition. SCI is recognized to
be very complex with several secondary complications to
self-manage, which could explain the higher number of
BCTs identified compared to other studies. The number of
BCTs included may also depend on researchers’ and clin-
icians’ perceptions of what is required for behavior change.
Some may still believe that behavior change can be
achieved with simple knowledge-based interventions. Evi-
dence suggests that increasing knowledge is necessary, but
not sufficient, for behavior change [42]. PU prevention
requires interventions that encourage routine performance
of multiple skin care behaviors, develop patients’ multi-
disciplinary knowledge, and include personalized inter-
vention components. Repeated exposure to multiple BCTs
delivered in different formats is likely required for behavior
change and maintenance.

From a methodological perspective, the number of BCTs
identified is related to the quality of intervention descrip-
tions. The current study underlines the value of searching or
contacting authors for intervention materials, as the number
of BCTs coded using intervention materials was four times
that of interventions for which none were available. The
poor description of interventions in published materials
underlines the need to report intervention content using
published guidelines (e.g., Template for Intervention
Description and Replication checklist [43]).

Sixty-five BCTs from the BCT taxonomy were not coded
to any intervention, suggesting that many techniques from
behavioral science remain unexplored despite their potential
impact on skin care in SCI. Similar to other reviews on self-
management programs [40, 41], the most commonly iden-
tified BCTs included instructions on how to perform
behavior, credible source, and social support (unspecified).
Testing other BCTs can advance the science of self-
management in SCI and our understanding of the under-
lying mechanisms through which they exert their effect. Not
all BCTs in the BCT taxonomy may be applicable, feasible,
or appealing in the SCI context (e.g., future punishment,
pharmacological support, and paradoxical instructions). SCI
researchers may benefit from conducting research to iden-
tify factors that influence skin care in SCI. These findings
considered alongside a matrix of behavior change techni-
ques linked to theoretical predictors of behavior [44] can
help SCI researchers and clinicians select BCTs to include
in skin care interventions. Factorial designs can be used to
test multiple BCTs and can provide information on their
individual and interaction effects.

The second aim of this study was to focus on RCTs to
examine the effects of skin care self-management inter-
ventions on skin care and PU-related outcomes. Hetero-
geneous patient populations make RCTs difficult in
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rehabilitation research and the identification of 10 RCTs in
this review is encouraging. Poor reporting, small sample
sizes, variation in outcome measures and their psychometric
properties, and mixed findings make it challenging to reach
conclusions about the effects of the interventions reviewed.
Effect sizes for the few studies and outcomes for which they
could be calculated showed promise, particularly as their
calculation was based on the longest follow-up when attri-
tion rates tend to be highest. Reliance on shorter follow-up
data would likely not influence findings as they were only
available in one study [34]. Another finding from our
review on intervention effectiveness suggests that wheel-
chair skills training programs that rely on patients selecting
skills to work on are not ideal platforms through which to
influence skin care, as patients prioritize everyday mobility
skills. Making them mandatory to work on or a core com-
ponent of these interventions is advised.

Skin status was the most commonly measured outcome
yet comparisons across studies are difficult because of
variation in measurement methods, length of follow-up, and
baseline characteristics. Despite randomization, differences
in skin status at baseline in particular can make results
difficult to interpret if insufficient data are reported at
follow-up on whether the PUs observed are new or the same
as at baseline, their location, and their staging. Accurate and
reliable PU measurements are recognized to be difficult
[45]. It is recommended that researchers be precise in
reporting data for this outcome, including detailed doc-
umentation of observed PU stages and anatomical locations
[45]. This will enable reliable local and international
benchmarking between health-care settings and facilities.
The strong need for consistency in design and reporting was
underlined by an International Guideline Recommendation
Group [45], and it should be noted that there are inter-
nationally accepted standards available for reporting infor-
mation about PUs in SCI [46]. In terms of study design,
the majority of RCTs in this review included short-term
follow-ups (6 months or less). Longer follow-ups are more
likely to allow for behavioral and clinical changes. In
addition, very few of the identified RCTs included more
than one follow-up. Repeated assessments will help identify
short- and long-term changes, and will allow for statistical
analyses (e.g., mediation analyses) that investigate path-
ways of change.

Results of a posteriori analyses in one [25, 33] of the
RCTs reviewed suggested that females benefitted from the
intervention more than males. This may be related to male
gender being a risk factor in PU development [47], or
possibly to females responding better to self-management
interventions [48]. Future work may benefit from planning
such analyses during study design to ensure that gender
interaction effects can be studied with sufficient statistical
power.

Our risk of bias-assessment results suggests that much of
the information required in papers to reach a judgment was
unavailable (“uncertain” risk of bias assessment, Fig. 3).
Researchers should use the Cochrane risk of bias tool to
guide reporting on internal validity. Blinding of participants
and personnel, and incomplete outcome data reporting were
the two risk of bias domains most frequently rated “high
risk”. A discussion of the challenges to blind participants
and personnel in behavioral interventions proposes some
procedures to help reduce risk of bias [49]. Reporting of
outcome data should not be influenced by the direction of
the findings and incomplete reporting of outcome data
should be justified.

Only three of the ten RCTs reviewed evaluated inter-
ventions delivered to community-dwelling people with SCI.
High rates of PUs after discharge suggest that community-
based approaches are needed in PU prevention efforts.
Networks of community care organizations and national
registries can be used to reach people with a SCI in the
community, and web-based technologies can be used to
facilitate intervention delivery and receipt. In a Canadian
survey [50], people with SCI confirmed the importance of
developing community-based self-management programs,
indicating that the Internet was the most appropriate deliv-
ery mode. In a separate survey on their information needs
[51], medical issues relating to SCI (e.g., skin, bladder,
bowel, and pain) ranked first. People with a new SCI
diagnosis may be more receptive to preventive interventions
after adjusting to life with SCI.

A limitation of this work is that non-randomized studies
with one research group were not included in our review of
intervention content. More inclusive inclusion criteria may
have led to the identification of additional BCTs. In light of
this, the consistency of our results with the number of BCTs
identified in the number of BCTs identified in other reviews
of self-management interventions is reassuring. Another
limitation is that study characteristics made it difficult to
conduct a meta-analysis or meta-regression to identify
effective BCTs. In addition, descriptions of intervention
components often did not specify the health behaviors they
targeted (including skin care). Other reviews on physical
activity and healthy eating [52] have included such ana-
lyses, likely because of the greater number of eligible stu-
dies, better reporting of intervention protocols and effects,
and consistency in outcomes.

Strengths of this work include the robust search strategy
and attempts to contact authors for intervention materials
and outcome data. Our use of a standardized taxonomy of
BCTs also contributes to building a science of self-
management in SCI by encouraging cross-study compar-
isons and common terminology in future studies.

This systematic review has identified the most commonly
used BCTs in SCI skin care self-management interventions,
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as well as the potential promise of some of the tested
SCI skin care interventions. Future work in this area
would benefit from larger-scale studies, consistent use of
validated outcome measures, and testing of a greater variety
of BCTs.
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