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INTRODUCTION

Reduced mobility and impaired sensation combine
to make pressure ulcers (PrUs) one of the most
common and costly secondary medical complications
in persons with spinal cord injury (SCI) (Middleton JW,
2004). Clinical interventions designed to prevent PrUs
are based upon the premise that both the magnitude
and duration of external loading are important (Kosiak,
1959; Reswick & Rogers, 1976). Pressure magnitude
is managed by the selection of wheelchair cushions,
other supports, and the seated posture, while duration
of pressure is addressed via the frequency of weight
shifting activities while seated. As a consequence,
wheelchair users with SCI are frequently taught by
clinicians to perform pressure reliefs intended to shift
body weight off of the buttocks (Sprigle S; Sonenblum
SE, 2011).

Studies investigating risk factors for PrU
development in SCI cohorts have not found pressure
relief behavior or frequency to be associated with PrU
occurrence (Garber, Rintala, Hart, & Fuhrer, 2000;
Krause & Broderick, 2004; Raghavan, Raza, Ahmed,
& Chamberlain, 2003). There are two possible
explanations for this finding. First, each of the studies
relied on self-report measures of pressure relief
practices. Yet self-reported behavior is known to be
highly unreliable. Second, protective weight shifting
behaviors may include activities other than dedicated
pressure reliefs. Indeed, many functional movements
performed while seated in a wheelchair will also
redistribute pressure off PrU risk sites (S. E.
Sonenblum & Sprigle, 2011; S. E. Sonenblum, Vonk,
Janssen, & Sprigle, 2014).

The purpose of this study was to describe how
individuals with acute and chronic SCI move in their
wheelchairs during everyday life, and to test if in-seat
behavior differs between people with and without a
history of recurrent PrUs.

METHODS

For this study, all participants were adults with SCI
who used a wheelchair as their primary mobility device
and had the ability to independently perform weight
shift maneuvers. 29 participants with chronic SCI,
defined as more than 2 years post injury, were
recruited, as well as another 31 participants with acute
SCI who were recruited as soon as possible within
their first 5 months following discharge from acute
rehabilitation.

Participants were instrumented with a custom
weight shift monitor (WSM) beneath their wheelchair
cushion and a data logger to store the recorded forces
(Figure 1). Forces beneath the wheelchair cushion
were sampled at 1 Hz for a period of 1-2 weeks, at
which point data was retrieved for post-processing with
Matlab R2014a. A tri-axial accelerometer was attached
to the wheel and used to calculate daily mobility
characteristics (S. E. Sonenblum, Sprigle, Caspall, &
Lopez, 2012).

data logger inside a cushion cover.



Table 1. Subject Characteristics.

| Chronic Acute
# Subjects (% Subjects) # Subjects (% Subjects)
Male 23 (79%) 22 (71%)
Female 6 (21%) 9 (29%)
Level of Injury (n=28):
Cervical 3 (11%) 8 (26%)
Upper Thoracic (T1-T6) 7 (25%) 10 (32%)
Lower Thoracic - Lumbar (T7-L3) 18 (64%) 13 (42%)
Complete Injury (n=28) 17 (61%) 11 (35%)
Mean (SD) Range Mean (SD) Range
Age 41 (12) 21-66 32 (13) 19-63
Height (inches) 70 (4) 60 -77 70 (4) 62-78
Weight (lbs.) 175 (42) 93 - 280 161 (32) 112 - 240
Time Since Injury 15 (10) years | 2—-33 years | 97 (42) days | 25— 215 days
The setup and analysis protocol for this study has
been described elsewhere (Martin, Sonenblum, & RESULTS

Sprigle, 2014; S.E. Sonenblum, Sprigle, & Martin, In
Press), but will be described here briefly. The
instrumentation session commenced with a training
protocol designed to relate the loads measured by the
WSM to the actual loading condition at the
buttocks/cushion  interfface as  simultaneously
measured by an FSA interface pressure mat. The
protocol included a series of leans with upright sitting
and depression lifts interspersed. Once complete, the
interface pressure mat was removed and participants
were sent home with the WSM, data logger, and
accelerometer and instructed to go about their daily life
as if the equipment was not present.

WSM data analysis to describe in-seat movement

required defining three variables as follows:

*  Weight Shift — either ischium is partially
unloaded (> 30% pressure reduction) for > 15
seconds

* Pressure Relief — left and right ischium fully
unloaded for > 15 seconds and < 2 minutes

*  Out of Chair - fully unloaded for > 2 minutes

The daily time in spent in the wheelchair and the
in-seat behavior characteristics, along with the number
of bouts, distance wheeled and percent of time in chair
spent moving (% mobile) were presented for each
group and a one-way ANOVA was run to identify
differences across groups. Within the group of
participants with chronic SCI, confidence intervals are
presented to compare behavior across PrU status.

We recorded 359 complete days across 31
participants with recent injuries and 225 complete days
across 29 participants with  chronic injuries.
Participants in the two groups were predominantly
male and of similar height and weight (Table 1).
However, participants in the chronic group were
significantly older than those in the acute group, which
is consistent with the increased time since injury. The
chronic group was more heavily biased towards
complete low level injuries, while the acute group was
spread more evenly between cervical, and upper and
lower thoracic level injuries. More of the acute injuries
were classified as incomplete.

Of the chronic participants, 12 participants had a
history of recurrent pressure ulcers and 17 had not
experienced any ulcers, or only had one immediately
following their injury.

Participants spent an average (standard deviation)
of 8.2 (3.8) hours in their wheelchairs per day (Table
2). During those 8 hours, participants transferred out of
their wheelchairs 8.2 times per day. When including
transfers back to their wheelchair, this implies a total of
more than 16 transfers per day.

Those with recent injuries spent less time seated
in their wheelchairs and wheeled a smaller number of
bouts and a shorter distance each day. They also
performed a slightly more transfers daily compared to
individuals with chronic injuries, despite spending 3
fewer hours in their chairs.



Table 2. In-Seat and Wheelchair Movement

Acute Chronic P value
Distance Wheeled (km) 1.2 (1.1) 1.5(1.2) 0.010
# Bouts 55 (32) 84 (41) <0.01
% Mobile 9.7 (8.5) 8.1 (5.7) 0.041
Weight Shift Frequency (per hr in chair) 3.8 (4.2) 2.3 (2.3) <0.01
Pressure Relief Frequency (per hrin chair) 1.2 (1.7) 0.5 (0.8) <0.01
# Transfers Out of Chair 8.6 (5.4) 7.6 (4.5) 0.024
Time in Chair (hrs) 7.0 (3.4) 10.1 (3.8) <0.01

On the whole, participants performed less than
one full pressure relief per hour they were seated in
the wheelchair (0.9 (1.5) pressure reliefs per hour).
Weight shifts, on the other hand, were performed
much more frequently, with the average day including
3.2 (3.6) weight shifts per hour. Participants with acute
injuries were considerably more active in their seats
than those with chronic injuries (Table 2).

Within the population of individuals with chronic
injuries, in-seat movement was evaluated for
differences between PrU groups. All participants with
chronic SCI performed full pressure reliefs less
frequently than once every 2 hours, regardless of PrU
status. Weight shifts, on the other hand, were
performed more frequently by those with no history of
pressure ulcers (95% confidence interval [2.53, 3.39]
versus [1.03, 1.69], (Figure 2)).

DISCUSSION

This is the first study to measure and compare in-
seat behavior and wheelchair use of individuals with
acute and chronic SCI. It is also the first study to
objectively compare the in-seat behavior between
individuals with and without a history of recurrent
pressure ulcers.

In-seat behavior and wheelchair mobility differed
considerably between people with acute and chronic
SCI. The reduced mobility shortly after discharge could
be attributable to the need to develop wheelchair skills
and build strength and sitting tolerance. Environmental
factors may also contribute to the reduced mobility, as
participants’ homes may stil need further
accommodations, and accessible transportation
options might not be available. Regardless of the
reason, these results provide evidence that wheelchair
use and behavior change following discharge,
suggesting that the equipment and intervention needs
of an individual following discharge are also likely to
change with time.

Although they wheeled less, individuals with acute
SCI performed more frequent weight shifts and

pressure reliefs than those with chronic SCI. The
pressure ulcer prevention education and training
received during rehabilitation appears to be initially
effective, but its impact decreases with time. Future
work should investigate the timeline of changes to
mobility and weight shift behaviors to optimize the
timing for reevaluating interventions and repeating
pressure ulcer prevention education.

The comparison of individuals with acute and
chronic SCI used a cohort design, in which different
populations were studied. The populations differed in
terms of age and injury characteristics, and this could
influence our results.

Despite subjective studies indicating that pressure
relief behavior is unrelated to pressure ulcer
outcomes, our results suggest that there is a
difference in weight shifting between individuals with
and without a history of PrU (Garber et al., 2000;
Krause & Broderick, 2004; Raghavan et al., 2003). Our
study is unique in that it captured weight shifts that
resulted from functional activities in addition to
pressure reliefs intended solely to relieve pressure.
These results, combined with evidence describing the
physiological benefits of weight shifts (Smit et al.,
2013; S. E. Sonenblum & Sprigle, 2011; S. E.
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Sonenblum et al., 2014), support the importance of in-
seat movement in PrU prevention.
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