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Abstract
Objective—To investigate the efficacy of wheelchair tilt-in-space and recline on enhancing skin
perfusion over the ischial tuberosity in wheelchair users with spinal cord injury (SCI).

Design—Repeated measures, intervention and outcomes measure design.

Setting—A university research laboratory.

Participants—11 wheelchair users with SCI (9 men, 2 women; mean age ± standard deviation,
37.7±14.2 years; body mass index 24.7±2.6 kg/m2; and duration of injury 8.1±7.5 years).

Interventions—6 protocols of various wheelchair tilt-in-space and recline angles were randomly
assigned to the participants. Each protocol consisted of a 5-min sitting-induced ischemic period
and a 5-min wheelchair tilt-in-space and recline pressure relieving period. A participant sat in a
position without tilt or recline for 5 minutes and then sat in one of 6 wheelchair tiled and reclined
positions, including (1) 15° tilt-in-space and 100° recline, (2) 25° tilt-in-space and 100° recline,
(3) 35° tilt-in-space and 100° recline, (4) 15° tilt-in-space and 120° recline, (5) 25° tilt-in-space
and 120° recline, and (6) 35° tilt-in-space and 120° recline. A 5-min washout period (at 35° tilt-in-
space and 120° recline) was allowed between protocols.

Main Outcome Measures—Laser Doppler flowmetry was used to measure skin perfusion over
the ischial tuberosity in response to the changes of body positions caused by performing
wheelchair tilt-in-space and recline. Skin perfusion response to wheelchair tilt-in-space and recline
was normalized to skin perfusion of the upright seated position (no tilt/recline).

Results—When combined with 100° recline, wheelchair tilt-in-space at 35° resulted in a
significant increase in skin perfusion as compared with upright seated position (no tilt/recline)

© 2010 The American Congress of Rehabilitation Medicine. Published by Elsevier Inc. All rights reserved.
Correspondence to Yih-Kuen Jan, PT, PhD, Dept of Rehabilitation Sciences, University of Oklahoma Health Sciences Center, 1200 N
Stonewall Ave, Room 3135, Oklahoma City, OK 73117, yjan@ouhsc.edu. Reprints are not available from the author.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
No commercial party having a direct financial interest in the results of the research supporting this article has or will confer a benefit
on the authors or on any organization with which the authors are associated.
Suppliers

NIH Public Access
Author Manuscript
Arch Phys Med Rehabil. Author manuscript; available in PMC 2011 November 1.

Published in final edited form as:
Arch Phys Med Rehabil. 2010 November ; 91(11): 1758–1764. doi:10.1016/j.apmr.2010.07.227.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(p<0.05), while there was no significant increase in skin perfusion at 15° and 25° tilt-in-space( non
significance). When combined with 120° recline, wheelchair tilt-in-space at 15°, 25°, and 35° tilt-
in-space all showed a significant increase in skin perfusion as compared with upright seated
position (p<0.05).

Conclusions—Our results indicate that wheelchair tilt-in-space should be at least 35° for
enhancing skin perfusion over the ischial tuberosity when combined with recline at 100°;
wheelchair tilt-in-space should be at least 25° when combined with recline at 120°. Although
smaller angles of wheelchair tilt-in-space and recline are preferred by wheelchair users for
functional purposes, wheelchair tilt-in-space less than 25° and recline less than100° may not be
sufficient for an effective pressure reduction for enhancing skin perfusion over the ischial
tuberosities in people with SCI.
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Pressure ulcers significantly affect the quality of life of wheelchair users with SCI.1 The
incidence rate of pressure ulcers is over 33% in acute rehabilitation.2 Pressure ulcers are
among the most frequent causes of re-hospitalization of people with SCI.3, 4 It is estimated
that over 50% of people with SCI will develop at least a pressure ulcer in their lifetime.1
Annual US treatment costs of pressure ulcers in people with SCI are approximately $1.3
billion, accounting for 25% of the total cost of treating SCI.5 It is clear that research
regarding the prevention of pressure ulcers remains a priority in people with SCI.

SCI results in various structural and functional changes below the injury level that may
predispose individuals to skin breakdown.6 Losing the protective mechanism for avoiding
prolonged ischemic insults to the compressed tissues is due to the blockade of the sensory
pathway to the brain. The sensory loss is the primary factor responsible for a high incidence
of pressure ulcers in people with SCI. Deprivation of autonomic nervous system control
over the cardiovascular system attenuates the vasodilatory response to loading pressure.
Motor spinal injury results in inability to perform pressure reduction activities further
aggravating viability of the weight-bearing soft tissues. Motor spinal injury also causes
muscle atrophy with a subsequence of a higher seating interface pressure over bony
prominences.7 These factors directly contribute to the high incidence of pressure ulcers in
people with SCI.8

Although the precise etiology of pressure ulcers is unknown, several theories have been
proposed, including prolonged tissue ischemia following occlusion of capillary blood flow,
direct cell death due to contact pressure, increased interstitial fluid pressure, and ischemia-
reperfusion injury.9 Among these theories, tissue ischemia is generally accepted as a critical
factor contributing to the development of pressure ulcers.9 Tissue ischemia occurs when
externally applied pressure and shear cause the occlusion of blood vessels (e.g. arterioles
and capillaries).6 If tissue ischemia reaches the threshold of tissue damage, irreversible
pressure ulcers develop. 10, 11 The threshold has been shown to be related with the
magnitude and duration of pressure by Kosiak10 and Reswick and Rogers.11 They
demonstrated that an inverse relationship exists between the magnitude and time of loading
pressure in the development of pressure ulcers. Researchers have been attempting to
determine a universal threshold in the past years. However, it is unlikely that a threshold will
be found due to a variation of risk factors in individuals with SCI.

Based on current research evidence, an essential component of a pressure ulcer prevention
program is to periodically reduce seating pressure.12 During the pressure reduction period,
ischemic soft tissues restore blood flow to meet the metabolic needs of local cells. Various
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methods of pressure reduction activities have been used, such as push-ups, lean forward/side
to side, dynamic support surfaces (e.g. alternating pressure), and wheelchair tilt-in-space and
recline.13 Clinically, pressure relieving activities using wheelchair tilt-in-space and recline is
recommended for preventing sitting-induced pressure ulcers in wheelchair users with SCI,
especially in people with tetraplegia.12, 14 Several studies have established evidence of
seating pressure reduction in tilted and reclined postures.15–20 Hobson compared the effect
of body postures on interface pressure and shear forces.16 The results showed backrest
recline to 120° resulted in 12% reduction in interface pressure and 25% increase in shear
force; tilt to 20° resulted in 11% reduction in interface pressure and elimination of shear
forces. Henderson et al. demonstrated an average of 27% reduction, 47% reduction, and
78% reduction in maximum interface when the participants with SCI in the 35° tilt, 65° tilt
and forward lean postures, respectively. Burns et al. demonstrated that 45° tilt resulted in a
45% reduction of interface pressure over the ischial tuberosity.19 In a study conducted by
Vaisbuch et al., they showed that 25° tilt resulted in 22% reduction. A recent systemic
review concluded that at least 20° tilt is needed to effectively reduce interface pressure.21

Although evidence regarding the use of wheelchair tilt-in-space and recline to reduce seating
interface pressure exists,16, 18, 21–23 the exact impact on skin blood flow and tissue viability
is unclear.24, 25 Furthermore, inadequate pressure reduction by wheelchair tilt-in-space and
recline may not benefit ischemic tissues.26 Several investigators have drawn attention to the
limitations of interface pressure in determining efficacy of seating conditions and have
emphasized the importance of other factors, for example, skin blood flow.27–29 In support of
skin blood flow measures over interface pressure, Frantz and Xakellis concluded that, “by
using perfusion as the assessment parameter, variation in individual physiological response
to compressive surface pressure could be identified more accurately and high risk conditions
averted.”30 Moreover, skin blood flow response to loading pressure has shown promise to
guide the development of support surfaces for preventing pressure ulcers.31, 32 33 Schubert
and Fagrell showed that people with SCI had a smaller increase in skin perfusion during a
reactive hyperemic response as compared with healthy controls. This characteristic was
attributed to as a risk factor of pressure ulcers.33 Jan et al. demonstrated that the loading
pressure pattern affects skin perfusion responses in weight-bearing tissues.31 Under the same
average pressure, alternating pressure enhances skin perfusion as compared with constant
pressure in people with SCI. Makhsous et al. compared the efficacy of various pressure
reduction methods on interface pressure and tissue perfusion and concluded that tissue
perfusion may be a more effective indicator in assessing pressure reduction strategies.32 The
use of tissue perfusion to evaluate the efficacy of wheelchair tilt-in-space and recline may
establish a guideline to reduce risk for pressure ulcers.

The Rehabilitation Engineering and Assistive Technology Society of the North America
published a clinical guideline to clarify the use of wheelchair tilt-in-space and recline.34 The
guideline indicates that wheelchair tilt-in-space and recline should be recommended for
wheelchair users at risk for pressure ulcers. The need to study the effectiveness of
wheelchair tilt-in-space and recline was also indicated by a recent systemic review on the
wheelchair tilt system.21 In order to understand the specific benefits associated with
wheelchair tilt-in-space and recline, more research studies are needed to study the efficacy
of various settings (angles, frequencies, and durations) of wheelchair tilt-in-space and
recline on tissue viability. Once evidence of using wheelchair tilt-in-space and recline has
been established, wheelchair users at risk for pressure ulcers will be able to receive these
power systems through healthcare reimbursement.

In responding to The Rehabilitation Engineering and Assistive Technology Society of the
North America’s request, we have designed a series of studies to investigate the
effectiveness of wheelchair tilt-in-space and recline on enhancing skin perfusion in
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wheelchair users with SCI. The purpose of this study was to investigate skin blood flow over
the ischial tuberosity in response to changes of body positions induced by performing
wheelchair tilt-in-space at three angles (15°, 25°, and 35°) in combination with wheelchair
recline at two angles (100° and 120°). By comparing these commonly used wheelchair tilt-
in-space and recline angles, we intended to understand the efficacy of wheelchair tilt-in-
space and recline angles on enhancing skin perfusion and potential risk for pressure ulcers in
wheelchair users with SCI.

METHODS
A repeated measures, intervention and outcomes measure research design was used in this
study.

Participants
A total of 11 wheelchair users with SCI were recruited into the study. The participants were
recruited through research flyers or referring from clinicians in the University Of Oklahoma
Health Sciences Center Lokomat Clinic and the Jim Thorpe Rehabilitation Hospital in
Oklahoma. The inclusion criteria included traumatic spinal cord injury at the level between
C4 and T12, post spinal injury at least 6 months, use of wheelchair as a primary means of
mobility, and wheelchair seat width between 17” and 21.” The exclusion criteria included
cardiorespiratory diseases or other diseases that may affect cardiovascular function,
diagnosed skeletal deformities (scoliosis, pelvic obliquity, and hip and knee contracture),
and active pressure ulcers. All participants gave informed consent to this study approved by
the University Institutional Review Board. The demographic data of participants were as
follows (values are mean ± standard deviation): age 37.7±14.2 years; body mass index 24.7±
2.6 kg/m2; and duration of injury 8.1±7.5 years. The 11 wheelchair users included 2 females
and 9 males; 1 African-American, 1 American-Indian, and 9 Caucasian. 4 participants had
sensory complete injury (ASIA A), 2 participants had motor complete injury (ASIA B), and
5 participants had incomplete injury (ASIA C and D). All participants used power
wheelchair for mobility.

Apparatus
LDFa was used to measure skin perfusion in arbitrary unit (or loosely defined as skin blood
flow in clinical usage).13 A thin LDF probe b was used to measure perfusion on the skin
over the right ischial tuberosity. LDF provides noninvasive, real-time measurement of skin
perfusion at a depth of about 1 mm via laser and fiber optics technology. LDF emits
monochromatic laser light to the skin. Based on the spectrum of the reflected light, LDF can
calculate the changes of blood flow velocity using the Doppler principle.35 Since LDF only
measures skin perfusion in a small area, the skin perfusion is cofounded by spatial variations
of cutaneous microcirculation.36 Another limitation of LDF is unable to detect deeper
muscle perfusion, which is associated with deep tissue injury. The advantage of using LDF
to assess skin viability is due to its non-invasive nature. In the current literature, it is well
accepted that an increase in skin perfusion is accompanied with an increase in oxygenation
level. Skin perfusion was sampled at 32Hz for additional off-line analysis. The use of LDF
can detect the changes of skin viability in response to wheelchair tilt-in-space and recline,
which provides a more direct assessment than the interface pressure measurement in the
aspect of pressure ulcer development.9 A power wheelchair with tilt-in-space and recline
functions c was used in this study. Seat width was 19”. A high density foam cushion d was

aPeriflux system 5001, Perimed, Sweden.
bPR415 probe, Perimed, Sweden.
cPower wheelchair C300 Corpus, Permobil, Inc., Lebanon, TN.
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used in this study. The wheelchair tilt-in-space was defined as “a change of seat angle
orientation in relation to the ground while maintaining the seat to back angle.”34 In this
study, tilt referred to backward tilt only. The wheelchair recline was defined as “a change in
seat to back angle while maintaining a constant seat angle with respect to the ground.”34 The
configurations of wheelchair tilt-in-space and recline is shown in Figure 1. Two angle
gauges e were used to measure the angles of wheelchair tilt-in-space and recline.

Procedure
Room temperature was maintained at 23±2 °C. Participants were kept in the laboratory for at
least 30 minutes to accommodate the room temperature. This step allowed us to minimize
the influences of skin temperature on skin perfusion, which is dependent on the
environmental temperature. 37 During the acclimation period, participants with SCI were
asked to empty their bladders. The participant was transferred to the mat table to tape the
LDF probe onto the skin over the right ischial tuberosity. Then, he/she was transferred to the
test power wheelchair with tilt-in-space and recline functions. Regarding the procedures of
applying probes, a participant was positioned in the side-lying posture with hips and knees
flexed at 90 degrees. By palpating left ischial tuberosity at this posture, the laser Doppler
probe was tapped on the skin over the ischial tuberosity. We were not able to accurately
detect whether the LDF probe was displaced during the experiment. However, we did not
notice any significant displacement after the experiment when removing the LDF probe.
Before the testing, the participants sat at 35° tilt-in-space and 120° recline for a duration of 5
minutes.

Wheelchair Tilt-in-space and Recline Protocols
To determine the effects of wheelchair tilt-in-space and recline settings on skin perfusion
response to sitting-induced pressure, we selected commonly used angles by wheelchair
users, including tilt-in-space at 15°, 25°, and 35° and recline at100° and 120°26, 38 14. A
combination of 3 tilt-in-space and 2 recline angles resulted in 6 testing conditions (Table 1).
The order of the 6 testing conditions was randomly assigned to the participant. In order to
minimize the sequence effects, we used a balance design to implement the randomization of
testing protocols (Table 2). In order to minimize the carry over effect, we used two methods,
including a wash out period and a normalization of skin perfusion. A wash out period was
for 5 min at 35° tilt and 120° recline. Such arrangement was based on a fact that a duration
of reactive hyperemia is proportional to the time of occlusion (5-min tilted and reclined
period). For a partial pressure relief, the recovery time is supposed to be longer. Thus,
additional 5-min wash out period was used 39. The other method is to normalize the
vasodilatory response to the baseline skin perfusion (ie. skin perfusion before performing
wheelchair tilt and recline) 28, 31, 36.

The same person performed the adjustment of wheelchair tilt-in-space and recline angles
across this study. The range of acceptable angles was plus minus 2° of the set angle. Each
condition lasted for 10 min, including 5 min sitting-induced ischemic period (no tilt or
recline, sacrum close to the seat back, and hands on the thighs) and 5 min pressure reduction
period caused by performing wheelchair tilt-in-space and recline. Between each condition,
the participants satat 35°tilt-in-space and 120° recline for a duration of 5 minutes to restore
blood flow supply.29, 32 Each participant spent about 2 hours completing the experiment.
An example of a complete protocol was provided (Figure 2).

dCorpus seating system, Permobil, Inc., Lebanon, TN.
eWixey digital angle gauge, Model WR300, WWW.WIXEY.COM online store.
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Based on the characteristics of a postocclusive reactive hyperemic response, we selected 5
minutes for a sitting-induced ischemic period, a tilted and reclined period, and a wash-out
period, respectively. It is widely accepted that 5-min occlusion is able to induce a maximal
reactive hyperemic response 40; thus, an ischemic period was selected for 5 minutes. The
duration of a reactive hyperemic response is proportional to the period of ischemic occlusion
39–42. Thus, we chose 5 minutes for assessing the efficacy of wheelchair tilt and recline on
enhancing skin perfusion. Since wheelchair tilt and recline only provided partial pressure
relief, a prolonged reactive hyperemia was expected. Thus, we have chosen another 5
minutes as a wash out period for restoring skin perfusion.

In this study, we did not have recline-only or tilt-in-space-only protocol because a
combination of tilt-in-space and recline has shown to be superior to sole use of either
wheelchair tilt-in-space or recline.16, 20, 34 Hobson demonstrated that recline-alone reduced
seating interface pressure (interface pressure) but increased shear force.16 Shear force is
especially harmful for vessel occlusion of weight-bearing soft tissues.43 A combination of
tilt-in-space and recline has been shown to provide the most pressure relief.20

Statistical Analysis
Skin perfusion over the right ischial tuberosity was continuously measured throughout the
study. Skin perfusion during the sitting-induced ischemia period (no tilt-in-space or recline
performed) was quantified to establish the baseline perfusion value. The change of skin
perfusion in response to changes in body positions caused by performing wheelchair tilt-in-
space and recline was normalized to each participant’s skin perfusion. To minimize the
influences of movement artifact on skin perfusion, we did not average the first 30 seconds of
each 5 min period. The rationale for selecting 30 seconds was based on our experiment
because a 30 sec period was needed to complete the adjustment of wheelchair tilt-in-space
and recline. In this study, an increase of skin perfusion during the pressure relieving period
was considered beneficial for the weight-bearing soft tissues.9, 28 A one-way analysis of
variances with repeated measures design was used to examine the effectiveness of
wheelchair tilt-in-space and recline on enhancing skin blood flow over the ischial tuberosity
in wheelchair users with SCI. Bonferroni correction was used for post-hoc analysis. All
statistical tests were performed at an alpha level of 0.05. All data were analyzed by using
SPSS 16f.

RESULTS
Tilt-in-space angle effect

When combined with 100° recline, wheelchair tilt-in-space at 35° resulted in a significant
increase in skin perfusion as compared with wheelchair tilt-in-space at 15° and 25° (p<0.05),
while no significant increase in skin perfusion occurred at 15° and 25°tilt-in-space (non-
significant) (Figure 3).

When combined with 120° recline, wheelchair tilt-in-space at 15°, 25° and 35° tilt-in-space
showed a significant increase in skin perfusion (p<0.05); and 35° tilt-in-space resulted in a
significant increase in skin perfusion when compared with 15° tilt-in-space (p<0.05) (Figure
3).

Recline angle effect
When combined with 15° tilt-in-space, 120° recline did not induce a significant increase in
skin perfusion as compared with 100° recline (NS) (Figure 3)

fSPSS, Inc, 233 S Wacker Dr, 11th Fl, Chicago, IL 60606.
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When combined with 25° tilt-in-space, 120° recline induced a significant increase in skin
perfusion as compared with 100° recline (p<0.05) (Figure 3).

When combined with 35° tilt-in-space, 120° recline induced a significant increase in skin
perfusion as compared with 100° recline (p<0.05) (Figure 3).

DISCUSSION
The main finding of this study is that our results confirm the use of wheelchair tilt-in-space
and recline in sufficient magnitude to reduce skin ischemia over the ischial tuberosity in
wheelchair users with SCI. Our results indicate that larger angles of tilt-in-space and recline
resulted in a larger increase in skin perfusion, while wheelchair tilt-in-space less than 25° in
combination with recline at 100° may not be sufficient for an effective pressure reduction
for enhancing skin perfusion. Although the literature has established evidence that
wheelchair tilt-in-space and recline reduce seating interface pressure in wheelchair users, its
efficacy on enhancing skin viability has not been investigated. The current clinical practice
assumed that a reduction of seating pressure is associated an increase in skin and muscle
perfusion, thus reducing risk for pressure ulcers. Our study provides first evidence that
wheelchair tilt-in-space and recline in sufficient angles reduces skin ischemia. This evidence
will help promote the use of wheelchair tilt-in-space and recline for reducing risk for
pressure ulcers in wheelchair users with SCI Interface pressure between buttock and seat
cushion have been widely used to evaluate the effectiveness of various pressure reduction
strategies, such as wheelchair cushions, tilt-in-space and recline, push-ups, forward and side
leaning.6 These findings have long been used by clinicians to select various pressure
relieving strategies and products. Whether a reduction in interface pressure is accompanied
by a linear reduction in skin perfusion remains largely unknown.34 If a reduction of interface
pressure does not allow for a vasodilatory response, the use of wheelchair tilt-in-space and
recline may not reduce risk for pressure ulcers. In this study, we demonstrated that small
angles (e.g. less than 15°tilt-in-space and 100° recline) of wheelchair tilt-in-space and
recline did not cause an increase in skin perfusion. However, Aissaoui et al. showed that a
reduction of about 10% on peak pressure over the ischial tuberosity at 30° TIS and 100°
recline.15 This finding indicates a need to investigate the relationship between pressure
reduction and skin perfusion changes under tilted and recline positions. In order to further
understand the efficacy of wheelchair tilt-in-space and recline on reducing risk for pressure
ulcers, there is a need to systemically research the efficacy of various angles of wheelchair
tilt-in-space and recline on reducing skin and muscle ischemia.34

Skin perfusion was used to assess the efficacy of wheelchair tilt-in-space and recline on
reducing risk for pressure ulcers in this study. A transient increase in skin blood flow after
ischemia is regulated by a protective mechanism called reactive hyperemia. 39–42, 44

Reactive hyperemia is mediated mainly by local blood flow control mechanisms (e.g.
metabolic control and myogenic response).6, 45 Thus, people with SCI still show a reactive
hyperemic response after blood occlusion.33 Both the magnitude and duration of the
reactive hyperemia have been shown to relate to the magnitude and duration of the external
loads.40 Under total relief of occlusion, peak blood flow of a hyperemic response may reach
more than 10-fold of baseline blood flow. However, under partial pressure reduction, peak
blood flow of a reactive hyperemic response becomes smaller.39 When performing
wheelchair tilt-in-space and recline, a reduction of interface pressure allows for the
development of reactive hyperemia to re-perfuse the ischemic tissues.32 If a reduction of
interface pressure is not adequate, reactive hyperemic response may not occur, which may
lead to tissue necrosis.9 Based on our results, we demonstrated that a setting of wheelchair
tilt-in-space and recline may reduce interface pressure (25° tilt-in-space and 100° recline)
based on a study conducted by Aissaoui et al,15 but did not show a reactive hyperemic
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response for reducing skin ischemia. In addition to the existing literature on interface
pressure and wheelchair tilt-in-space and recline, our study suggests the use of skin
perfusion to guide the development of clinical guidelines of wheelchair tilt-in-space and
recline.

Wheelchair tilt-in-space angles between 15° and 30° are commonly performed by
wheelchair users for pressure relief despite larger angles are clinically recommended. 26, 38
14 According to seating interface pressure research, tilt-in-space angles should be at least
15° for effectively reducing interface pressure. However, our results indicate that the tilt-in-
space angle needs to be at least 35° when combined with 100° recline, or at least 25° when
combined with 120° recline for enhancing skin perfusion. Our study suggests that the sole
use of tilt-in-space at 15° is not adequate to allow the development of a vasodilatory
response. Such finding has an impact on alerting wheelchair users that a larger angle is
needed for reducing skin ischemia. According to recent studies,38, 46 wheelchair users
usually operate tilt-in-space and recline functions at smaller angles (e.g. less than 15°). The
use of tilt-in-space and recline at these ranges does not enhance skin perfusion based on our
results. Thus, clinicians need to pay more attention on the compliance of wheelchair users
on using larger tilt-in-space and recline angles to benefit ischemic tissues over the ischial
tuberosity. Adherence to the use of wheelchair tilt-in-space and recline is a critical step to
reduce risk for pressure ulcers in wheelchair users with SCI. Long-term monitoring of
wheelchair tilt-in-space and recline usage has shown that wheelchair users tend to perform at
a smaller range (less than 15°).38, 46 Different technologies (eg. audio/visual feedback of
achieving targeted tilt-in-space angle, user perception of tilt-in-space angle) may be
explored to improve user compliance of using wheelchair tilt-in-space and recline.
According to our results, we may partly explain a high incidence of pressure ulcers in
wheelchair users with SCI, even after using power tilt-in-space and recline.

Wheelchair recline has been shown to cause shear force in the interface of buttock and seat
cushion.16 Shear force is also one of the causative factors of pressure ulcers.6, 43 Dinsdale
found that a lower pressure is needed to cause ulcerations in animals when pressure has been
combined with shear, as compared with interface pressure only.47 Clinicians need to educate
wheelchair users not to rely solely on the recline function for pressure ulcer prevention. The
use of recline function should be in combination with tilt-in-space function.

Under the same angle of tilt-in-space, a combination of wheelchair recline provides the best
pressure relief for enhancing skin perfusion.15, 20, 48 Our results showed a consistent finding
with these previous research. Vaisbuch et al. found that a combination of 25° tilt-in-space
and 110° recline could effectively reduce interface pressure.20 Aissaoui et al. demonstrated
that a combined position of 45° tilt-in-space and 120° recline reduced 40% of interface
pressure.49 A combination of wheelchair tilt-in-space and recline provides additional option
for wheelchair users to select a setting for comfort and enhancing skin viability. Based on
the current literature, it is unclear whether there is an interaction between tilt-in-space and
recline on enhancing skin perfusion.

Study Limitations
First, we used skin perfusion to assess the effectiveness of various settings of wheelchair tilt-
in-space and recline. Although many other factors also contribute to the development of
pressure ulcers in people with SCI, soft tissue ischemia is well accepted as the final common
pathway of pressure ulcers. If performing pressure relieving activities (wheelchair tilt-in-
space and recline) enhances skin perfusion, risk for pressure ulcers may be lowered.
However, whether an increase in skin perfusion associated with wheelchair tilt-in-space and
recline reduces the incidence of sitting-induced pressure ulcers requires further research.
Also, LDF used in this study cannot detect muscle perfusion, which is related wit deep tissue
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injury. Furthermore, we assumed that an increase in skin perfusion is accompanied with an
increase in oxygenation level. Second, we used a standard foam cushion from the Permobil.
Future studies need to consider the use of different cushions to examine their pressure
relieving performance. At this stage, our research should only be applied to foam-based
cushions. Third, we only recruited 11 wheelchair users with SCI into this study. Because this
was a feasibility study, we intended to examine whether our protocols could be used to
assess the efficacy of wheelchair tilt-in-space and recline on enhancing skin perfusion. A
larger sample size using this protocol should be conducted to verify our results. Last,
although we used one wheelchair in this study, the dimensions of the seating system fit all
participants. However, future studies may need to expand the number of participants and
incorporate different wheelchair seats sizes.

CONCLUSIONS
Our results indicate that wheelchair tilt-in-space should be at least 35° when combined with
recline at 100°; wheelchair tilt-in-space should be at least 25° when combined with recline at
120°. Although smaller angles of wheelchair tilt-in-space and recline are preferred by
wheelchair users for functional purposes, wheelchair tilt-in-space should be at least 25° and
recline should be at least 120° for an effective reduction of interface pressure over the ischial
tuberosities in people with SCI. Our findings may help clinicians recommend more specific
wheelchair tilt-in-space and recline angles to prevent pressure ulcers.
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LDF laser Doppler flowmetry
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Figure 1.
Configurations of wheelchair tilt-in-space and recline. (a) The angle α indicates the
wheelchair tilt-in-space angle. (b) The angle β indicates the wheelchair recline angle.
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Figure 2.
An example of a complete testing protocol for a resarch participant. It takes 90 minutes to
complete all protocols for one participant.
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Figure 3.
Comparison of skin perfusion in response to wheelchair tilt-in-space (15°, 25°, and 35°) in
combination with recline (100° and 120°). During tilted and reclined positions, 4 testing
positions showed a significant increase in skin perfusion as compared with the upright
seated position (p<0.05); while positions at 15° tilt-in-space and 100° recline and 25° tilt-in-
space and 100° recline did not show a significant increase in skin perfusion. When combined
with 100° recline, wheelchair tilt-in-space at 35° resulted in a significant increase in skin
perfusion as compared with wheelchair tilt-in-space at 15° and 25° (p<0.05); while no
significant difference between 15° and 25°. When combined with 120° recline, wheelchair
tilt-in-space at 35 resulted in a significant increase in skin perfusion when compared with
15° tilt-in-space (p<0.05). (* indicates p<0.05; T means tilt-in-space and R means recline.
Data are shown in the mean values plus standard error.)
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Table 1

A repeated measure design of wheelchair tilt-in-space and recline angles.

Wheelchair Tilt-in-space Angle (A)

Wheelchair recline angle (B) 15° tilt (A1) 25° tilt (A2) 35° tilt (A3)

100° recline (B1) A1B1 A2B1 A3B1

120° recline (B2) A1B2 A2B2 A3B2
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