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University of Washington
Abstract

Effectiveness of Postural Intervention via Manual Wheelchair Change: Feasibility
of Teleconsultation Delivery

Jennifer Dee Hastings

Chair of the Supervisory Committee:
Associate Professor Karen G. Schepp
Psychosocial and Community Health

This study tested the following hypotheses: (1) Wheelchair configuration changes
will change seated postural alignment, (2) Health outcome measures will improve
after postural change and (3) Successful seating interventions are possible via a

distance medicine model.

Prospective repeated measures design with subjects randomized at enrollment to
either in-person intervention by the investigator or teleconsultation mediated
intervention. Data were collected at baseline, post intervention and 3-months.
Outcome Measures: Seated Height (SH), Wheelchair Users Shoulder Pain Index
(WUSPI), Postural Scale for Wheelchair Users (PSWU), Satisfaction with Life
Scale (SWLS)*, Pain Visual Analog Scale (VAS) and Pain Interference (*baseline
and 3 months only). The primary comparison was between pre and post intervention
scores on the outcome measures (within subject analysis) examining the effect of
the intervention. The between group comparison explored the effectiveness of the
teleconsultation intervention in relation to the gold standard of a hands-on clinic. A
convenience sample of 13 subjects was enrolled across two investigative sites with
analysis on 11 subjects who completed the study. Inclusion: SCI with ASIA
Impairment Scale scores of A or B, motor level T1-T10 inclusive, age 18 or greater,
one year or more post SCI, with non-specific musculoskeletal pain or discomfort in

their wheelchair, who are full-time users of manual wheelchairs. Intervention:



custom specified wheelchair configuration change; generally decreasing inside seat
to back angle via changes to seat plane or backrest alignment. Post intervention
results: Increase in SH (postural alignment) was significant (p=. 03), mean change
of 1.01 inches; 95% confidence interval 0.13 to 1.9. Mean improvement (-9.6) on
the WUSPI was significant (p=. 03); 95% confidence interval -18.34 to -0.87.
Decrease in worst pain intensity (-1.18) was significant (p=. 04); 95% confidence
interval -2.3 to -0.4. Remaining outcomes did not show significant change post
intervention. The intervention effect was not maintained at 3-month follow up
(n=9).

CLINICAL RELEVANCE:

Wheelchair configuration can alter seated posture, and improved postural alignment
appears to improve health outcomes as measured by the WUSPI and Pain VAS.
Feasibility of successful postural intervention via teleconsultation was supported by
this preliminary study. Further work is needed on maintenance of the intervention

effect.
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SPECIFIC AIMS

The long-term goal of this research program is to improve healthcare provided to
persons with spinal cord injury (SCI) by increasing the understanding of the
interactions between postural alignment and musculoskeletal pain. The overall aim
of this project is to improve the sitting positions of individuals living with SCI by
extending the delivery of seating specialist advice to regions distant to specialty
expertise. The underlying research question is as follows: Will health outcomes
improve with improved seated posture? Evidence suggests that postural
abnormality can generate musculoskeletal pain in full time wheelchair users. This
investigator has shown in preliminary work that wheelchair configuration change
can change the seated posture of persons with truncal paralysis due to SCI (J.
Hastings, Fanucchi, & Burns, 2003). Clinical case reports have shown that
musculoskeletal shoulder pain, cervical pain, low back pain, and peri-scapular pain
can be resolved with changes in wheelchair configuration (J. Hastings, 2001; J.
Hastings & Baker, 2000; Young, Goldstein, & Carroll, 1996; Young, Goldstein, &
Eby, 1995).

The specific aims of this study are to: 1) determine if improved outcomes,
including a reduction in musculoskeletal pain, will occur with improved posture and 2)
to evaluate provision of a postural seating intervention via teleconsultation. A

prospective repeated measures design was used, subjects were randomized after
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baseline measures to receive either in-person intervention by the investigator or an

intervention specified by the investigator, mediated by teleconsultation and delivered
by on-site clinicians.
Specific aim #1: Determine if improved outcomes, including a reduction in
musculoskeletal pain, will occur following improved posture in persons with SCI who
use manual wheelchairs full-time.
Hypothesis #1 Wheelchair configuration changes will change seated postural
alignment.
Hypothesis #2: Health outcome measures will improve after postural change.
The hypotheses were tested by the following objectives of pre and post intervention
assessment:
1. Determine the change in seated height measurement as an indicator of postural
alignment.
2. Determine the change in self-reported pain on two Visual Analog Scales and
Pain schematic.
3. Determine the change in self-reported functional impact of pain on a Pain
Interference Visual Analog Scale and the Wheelchair User’s Shoulder Pain
Index.
4, Determine the change in self-reported posture on the Postural Scale for

Wheelchair Users.



-3-
5. Determine the change in self-reported scores on the Satisfaction with Life

Scale.

Specific Aim #2: Evaluate the feasibility and effectiveness of providing seating

intervention through teleconsultation.

Hypothesis #3: Successful seating interventions are possible via a distance

medicine model.

Objective:

1. Determine the feasibility of using the inter-facility consultation feature of the

computerized medical record of the Department of Veterans Affairs (VA)
Health Care system as a secure data transmission of photographic and textual
documentation for “Store and Forward” teleconsultation provision of an
effective postural seating intervention.

In this study the within subject comparisons were made in all subjects regardless of
group. The between group comparison evaluated these two methods of providing
postural seating interventions. In the test model there was no direct interaction between
the principal investigator (PI) who is a seating specialist clinician, and the subjects. A
clinician enlisted as a site investigator collected intake demographics, body
measurements, photographs and wheelchair measurements for the subjects in the
teleconsultation group. All subject information was transmitted to the PI for
interpretation and synthesis. The PI then specified the custom wheelchair configuration

changes and the on-site clinician or designated wheelchair technician made the
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specified changes. The test model was compared to the usual clinical practice of in-

person intervention with a seating specialist both evaluating and providing the
intervention in person. The desired outcome was that the groups would not be
significantly different, however it was anticipated that there would be a difference but

that it would not be appropriately examined with a between group statistical analysis.
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BACKGROUND AND SIGNIFICANCE

There are between 225,000 and 288,000 people in the United States living
with SCI (Spinal Cord Injury Facts and Figures at a Glance, 2005). The range of
this number is because there is no official tracking of persons living with disability;
rather the figures are computed based on census and incidence of new injury. The
life expectancy of those who survive their first year post injury is approaching that
of the general population. The majority of persons with new SCI are discharged to
their pre-injury residence and many of these homes are in rural environments.

In the population of individuals with spinal cord injury, chronic pain is a
comorbid condition in addition to the primary physical disability created by
paralysis (Ballinger, Rintala, & Hart, 2000; Turner, Cardenas, Warms, &
McClellan, 2001). Chronic pain is known to be a significant disabling condition.
The SCI literature is replete with descriptive and prevalence studies about pain but
there are fewer interventional studies or studies searching for causation. Secondary
disability and pain have only recently become an area of scientific focus due to the
now existing and growing number of individuals living with SCI and aging with the
condition.

Pain after SCI can be categorized into two distinct types: neurogenic pain
and musculoskeletal pain. Neurogenic pain is attributed to the central damage and
has no mechanical cause at the site of experienced pain (Devulder, Crombez, &

Mortier, 2002). Musculoskeletal pain is that caused by tissue injury to the
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musculoskeletal system. Musculoskeletal pain can generally be reproduced with

passive range of motion of the involved joint or resistance to the involved muscles.
On occasion, musculoskeletal pain may have a diffuse referral pattern (pain
expressed distant to the site of tissue damage), but the damaged tissue will also be
involved with the experienced pain.

Musculoskeletal disorder is an understudied topic in people with SCI. The
research in this area is without depth or precision. There are few outcome studies
and much associative or correlative evidence with inconsistent definitions and
idiosyncratic instruments. Theory based interventions are scarce or not identified.
Additionally, the population is small and heterogeneous by level of injury,
premorbid history and rehabilitation. All of this contributes to a level of uncertainty
in this field. This insufficiency of data affects aspects of clinical care, particularly
the diagnostic assessment, evaluation of contributory factors, identification of
cause-and-effect relationships, and the development of a dependable treatment
program.

In the past few years, scientific literature, textbooks, patient education
materials, consumer guides, websites, and manuals state that repetitive motion or
overuse results in a multitude of upper limb disorders in SCI. Although a
presumptive etiology is implied, in fact little evidence exists that repetitive motion
or overuse is responsible for the disorder under study. If however, the etiology is a

repetitive motion disorder, attention to the biomechanical characteristics of the
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upper extremity and the interrelationship to the spine must be a fundamental aspect

of the treatment program.
Overview of Musculoskeletal Pain after Spinal Cord Injury

Shoulder pain is a topic of concern among those with SCI and their
healthcare providers; it is a frequent topic of discussion or presentation at regional
and national continuing education and scientific conferences. Shoulder pain is
common in individuals who have SCL. Surveys and cross-sectional studies have
demonstrated that shoulder problems are common in both paraplegia and
tetraplegia (Ballinger et al., 2000; Dalyan, Cardenas, & Gerard, 1999; Escobedo,
Hunter, Hollister, Patten, & Goldstein, 1997; Gellman, Sie, & RL, 1988; Pentland
& Twomey, 1991; Sie, Waters, Adkins, & Gellman, 1992; Silfverskiold & Waters,
1991). However, there are differences in the reported prevalence of shoulder pain
between studies, ranging from 33-73%. The wide range in prevalence rates may be
explained by differences in study population characteristics, by differences in the
diagnostic criteria used, and the lack of inter-examiner consistency between many
items in the physical examination. A recent study investigating neck and upper
back pain in the population found of a pain prevalence higher than that of the
general population and no difference between groups with pain or no pain by injury
level or type of wheelchair used (M. L. Boninger et al., 2003). In an earlier
European study the authors found 84% of the subjects reporting back pain

(Samuelsson, Larsson, Thyberg, & Tropp, 1996).
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What is the cause of this pain? Why the high prevalence? The answers are

elusive and to some extent have been obfuscated by an overriding belief of the
inevitability of upper extremity pain due to the unnatural use of the arms in
wheelchair propulsion and weight bearing. Musculoskeletal pain in wheelchair
users has been attributed to weight bearing in the upper extremity and overuse due
to the substitution of the arms for the usual function of the legs for general
mobility. This paradigm has led to investigations of compression forces in the
glenohumeral (true shoulder) joint space, hand rim forces in wheelchair propulsion
and other force studies. The assumption of cause has led to limited work into any
alternative mechanism for this musculoskeletal pain.

Dyson-Hudson and Kirshblum (2004) completed a systematic review of the
literature on shoulder pain in the of spinal cord injured population covering an
EMBASE search for the years 1974-2002 and Medline 1966-2002, and concluded
that shoulder pain was more common in tetraplegia, complete injuries and women.
They further identified the known risk factors for shoulder pain as older age, higher
body mass index, poor seated posture, improper wheelchair set up, decreased
flexibility and muscle imbalance. Unfortunately, they did not categorize the
individuals with tetraplegia in terms of their functional ability. Are these
individuals primarily power wheelchair users or are they individuals with lower
level tetraplegia who are using manual wheelchairs and independently transferring?

It is unclear from the literature. If the majority of these individuals are not using
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their upper extremity for functional mobility it would undermine the assumption of

overuse as the primary causal mechanism. The authors also cited rotator cuff
injuries as the most common source of pain in chronic SCI, however they stated
that the cause of the rotator cuff injury was multi-factorial.

Empirical clinical observations have led this investigator to conclude that a
significant amount of the musculoskeletal pain reported by persons with SCI is
related to postural malalignment. This belief is supported by Samuelsson’s finding
that 100% of the subjects in their study had spinal postural deformity and of those
reporting pain 14/26 subjects believed sitting posture was contributing to their pain
(Samuelsson et al., 1996). The Samuelsson study supported a finding by another
Swedish researcher, Sundell [publication only in Swedish (Sundell, 1994)], who
found that every able-boded subject who was asked to sit in a kyphotic posture for
two hours reported pain. The investigator hypothesizes that the habitual postural
alignment of a wheelchair-using individual is a key component of the absence or
presence of musculoskeletal pain. The general musculoskeletal concepts that
underlie this belief are explained below.

Alignment and Pain

Normal standing alignment in the general population is a “plumb-line
posture”. This is such that a plumb line will drop through the ear, shoulder, hip and
knee, in a ﬁanner to allow the creation (maintenance) of the normal spinal curves.

The plumb line posture is known to take the least muscular work to maintain.
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Essentially this posture capitalizes on gravity to assist in the maintenance of

posture, with the line of gravity passing just posterior to the hip, and just anterior to
the knee. Any deviation from this posture, for instance the flexion posture common
to Parkinson’s disease, is known to increase the work of standing. Postural
abnormalities are also known to be associated with pain, for instance Greenfield
found that forward head position predicts shoulder pain (Greenfield et al., 1995).
Keegan illustrated that optimal health of the lumbar spine is promoted with sitting
postures as closely approximately those in standing as possible (Keegan, 1953).

Alignment is also key for appropriate articular function. For example;
malalignment of the foot into hyperpronation is known to increase knee pain
secondary to aberrant forces across the knee created by the closed chain
interactions. Muscles generally function to support or move a joint. In general if
passive stability is insufficient, muscles will work harder to produce contractile
support to the joint. Again, in the example of the hyperpronation in the foot, this
will frequently lead to over activity in the anterior tibialis.

Muscles generally have a length in which they operate most efficiently.
Muscles have the ability to be physiologically too short (active insufficient) or too
long (passive insuffipient). Muscles working outside of their appropriate length are
disadvantaged ahd therefore may be less able to generate force or maintain force.
Muscles also fall into general categories of physiology; phasic and tonic muscles

having properties that work best for the particular function. Muscles are plastic and
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can remodel, however, their initial disposition is set by function. Postural muscles

are typically tonic muscles which work best in a mid to shortened length.

Pain can be perceived in a depleted muscle. This can be a muscle tapped of
all glucose supply or working beyond its vascular capacity for refueling and waste
removal. Pain can be perceived by a muscle working excessively; a muscle
working beyond its capacity for force generation or at a frequency beyond its
tolerance.

Mechanical pain in the musculoskeletal system can also be articular in
origin. _Malalignment created by muscle imbalance can figure into the creation of
articular pain by not maintaining appropriate articular surface congruency.
Patellofemoral pain is an example of articular pain secondary to muscle imbalance.

The shoulder and upper limb are designed to optimize mobility, which
facilitates hand placement in several planes. The upper limb articulates with the
axial skeleton via the pectoral girdle. Muscles and ligaments largely suspend the
pectoral girdle in order to allow maximal movement and flexibility. The only bony
articulation between the trunk and upper limb is at the sternoclavicular joint. The
glenohumeral joint (true shoulder) has a lack of bony constraint throughout the
normal range of motion. This design is essential for mobil}ty; however, stability
through bony factors is minimal. Stability is established by the soft tissues (e.g.,
ligaments, capsule, labrum, muscles) and alignment. End range stability is achieved

when soft tissues, particularly the ligaments and capsule, are stretched to their
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physiologic limit. Dynamic stability is achieved by concavity compression and

glenohumeral balance (Matsen, Lippitt, Sidles, & Harryman, 1994) in mid-ranges.
Concavity compression is a mechanism in which the humeral head is compressed
into the glenoid fossa by muscles (particularly the rotator cuff musculature),
thereby resisting translating forces. Glenohumeral balance is a stabilizing
mechanism in which the glenoid fossa (therefore the scapula) is positioned in the
most stable position (i.e., so that the net humeral joint reaction force passes through
the glenoid fossa).

Because of the articulation to the axial skeleton, via the sternoclavicular
joint the shoulder girdle is obligatory in its relationship to the spine. Spinal posture
determines alignment and positioning of the scapula, which determines the resting
lengths of the shoulder girdle musculature and therefore the biomechanical stability
of the shoulder. Predisposition to shoulder tendinopathy is exacerbated by postural
faults and it is suggested that postural correction is key to the nonsurgical
management of tendinopathy (Davenport, Kulig, Matharu, & Blanco, 2005).

Characteristics of the Target Population

SClI results in paralysis of the voluntary muscle activity below the level of
lesion. This paralysis can be complete or incomplete and accompanied by
impairment or loss of sensory function. Alteration in articular mechanics of the
shoulder occurs following higher levels of SCI as a result of denervation to some of

the shoulder or truncal muscles. In C7 tetraplegia, for example, the shoulder
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flexors, abductors, and external rotators are all neurologically intact and stronger

whereas their antagonists are not fully innervated and therefore weaker. Control
and position of the scapula is affected by neuromuscular factors and the position
(and shape) of the thorax. Within the category of “paraplegia” there are different
levels of motor ability. The individual with paraplegia has full motor innervation of
the upper extremities but may be lacking in full trunk innervation. Those who are
injured above the level of innervation of the trunk stabilizers have different
mechanical stability than those with lower innervation.

The sub-set of the SCI population that is the focus of this project is those
individuals who are motor complete between the levels of T1 and T10 inclusive.
Individuals with this level of injury have significant truncal paralysis and therefore
do not have normal trunk control against gravity. Compensatory strategies for
absent trunk innervation include stabilization with the upper extremities and a “C
sitting” spinal posture (Minkel, 2000). C sitting posture is with a posterior pelvic
tilt and spinal flexion of the lumbar and thoracic spine. C sitting creates an overall
shorter sitting posture and a tendency for a forward head position. In a study of
sitting stability while performing a reaching task, Seelen and Vuurman (1991)
noted that persons with SCI had significantly more electromyographic (EMG)
activity in the latissimus dorsi and trapezius muscles than the able-bodied controls,
which the authors suggested was a compensatory mechanism substituting for the

absent erector spinalis. Similarly, Janssen-Potten and colleagues showed that
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posterior pelvic tilt was associated with more EMG activity in the thoracic postural

muscles (Janssen-Potten, Seelen, Drukker, Huson, & Drost, 2001). Normal trunk
innervation allows unilateral or bilateral upper extremity tasks with trunk
synergistic stabilization and indeed trunk extension allows for the final degrees of
overhead reaching motion. The movement strategies of the individual with truncal
paralysis differ significantly from the biomechanics used in the able-bodied
population. The impact of the difference in trunk stabilization is illustrated in a
study looking at motor lesion level and rotator cuff disorders, which found a
significantly higher prevalence of rotator cuff disorder in the individuals with high
level (defined as T2 to T7) paraplegia (Sinnott, Milburn, & McNaughton, 2000).
When an individual uses a manual wheelchair the propulsion of the
wheelchair must be considered a potential stressor for the shoulder. Intuitively,
push mechanics appear to be important. What are the positions in which the joints
of the upper extremity are working? Evidence supports that the joint positions are
a significant factor for forces across the joint. Boninger and colleagues (M.
Boninger, Baldwin, Cooper, Koontz, & Chan, 2000) have suggested that optimal
position of the rear axle is 2 inches forward of the shoulder for the least stresses to
the upper extremity. It is important to evaluate whether the wheelchair
configuration is dictating movement at the extremes of joint range of motion, in
positions of instability, or requiring excessive motion. Extremes of joint range put

muscles to work at a disadvantage, usually over-lengthened or over-shortened
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causing physiologic insufficiency. For the shoulder, hyperextension or abduction

and internal rotation are ranges of the joint that are not optimal for joint function
because they are believed to be impinging positions for the rotator cuff muscles
secondary to decreasing the sui:) acromial space.

However, because of the obligatory interaction between the spine and the
shoulder girdle it is imperative to recognize spinal posture as the platform for upper
extremity function. Therefore the joint angles of the upper extremity (for instance
with wheelchair propulsion) cannot be ascertained without knowing the position of
the trunk. In the same wheelchair with the hand at the top of the push rim (at 12:00)
the shoulder and elbow positions and angles will differ if the buttocks are at the
rear of the seat or slid forward, or if the trunk leans forward.

All individuals who use a wheelchair (any type) have certain environmental
challenges. The most obvious is that they are shorter than the standing individual.
This means to access much of the environment they will need to reach, often
overhead. The lap created by sitting also dictates that reaching will mostly be into
an abduction pattern, especially in the person with the inability to lean forward over
their lap due to paralysis of the trunk extensors. Reaching to manipulate the
environment (for instance cooking) will often be into abduction and internal
rotation. This is especially detrimental if the position is held for an extended

duration.
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In an intact able-bodied individual full overhead reach is achieved only with

spinal extension. Overhead reach becomes a more prevalent activity when your
head height is in the range of four and a half feet. If the habitual seated posture is
posterior pelvic tilt, spinal flexion, forward head and rounded shoulders, and the
individual has no active spinal extension, reaching will be impaired and even
potentially damaging to the joint structures secondary to increasgd impingement.
However, this same individual can be provided with external support of an orthotic
wheelchair and gain significantly improved reach (J. Hastings et al., 2003).

Orthotic seating and the pelvic stabilizing system through wheelchair
configuration are concepts put forward by the PI (J. Hastings et al., 2003; J.
Hastings & Goldstein, 2004; J. D. Hastings, 2000) and founded in the work of
Keegan (Keegan, 1953) on the interaction of the pelvis and lumbar spine with the
length of the muscles of the thigh and the principles of fabrication of orthoses. If
wheelchair configuration can provide orthotic support to the spinal alignment then
the wheelchair configuration can directly impact the articular function and
biomechanics of the shoulder in such tasks as wheelchair propulsion, reaching and
transfers.

Very little scientific literature looks at the impact of wheelchair
configuration on posture, pain or mobility. Early work by Zacharkow (1984)
addressed the issue of posture and the wheelchair and he recommended a number

of modifications to a standard wheelchair to optimize spinal posture while allowing
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balance and function. Harms (1990) did similar work comparing three standard

wheelchair configurations used in England at the time and concluded that the sling
upholstery created the most kyphosis and was the most uncomfortable for users. In
a series of four case studies in persons with tetraplegia, Bolin and colleagues
showed that wheelchair configuration changes did change posture and outcome
measures of both pain and function (Bolin, Bodin, & Kreuter, 2000). In this
investigation the authors used a seated height measure as an index of postural
change. A similar seated height index was used in the current research. Jansen-
Potten and colleagues did a series of lab based studies investigating the effects of
chair configuration on balance in a bimanual reaching task and concluded that a
posterior tilt was a stab1¢ position (Janssen-Potten, Seelen, Drukker, & Reulen,
2000), that a forward inclination (wedging up the back of the seat) would not create
an anterior pelvic tilt (Janssen-Potten et al., 2001) and that the footrest did not
appear to contribute to balance for reaching (Janssen-Potten, Seelen, Drukker,
Spaans, & Drost, 2002). Tomlinson did a mathematical analysis and computer
simulation to determine the impact of the wheelchair configuration on roll
resistance maneuverability and stability (Tomlinson, 2000b). However, Tomlinson
did not bring the backrest forward to perpendicular, which is believed to
significantly impact seated stability and balance and is a key component of this
investigator’s pelvic stabilizing configuration. In personal communication the PI

asked Tomlinson to plot the characteristics of a T6 individual into his simulated
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equation and bring the backrest to vertical. Tomlinson found that, in his model, this

change would result in an erect spinal posture with improved stability at least
equivalent to the slump kyphotic sitting assumed with buttocks forward
(Tomlinson, 2000a). More recently, a clinician in Europe has developed the “The
Ergonomic Seating System” which is actually a frame design of a wheelchair that
the designer calls a ‘wheeled orthosis’ (Van Breukelen, 2004). This system
contains the key parameters of wheelchair configuration advocated by this PI. A
study by Maurer and Sprigle (2004) looked at the seated pressure distribution of a
seating configuration similar to that proposed by this investigator as the pelvic
stabilizing system and found that there were no significant differences in peak
pressures with the different seat slope inclination. Maurer’s study is important
because it refutes one of the concerns of clinicians (that the configuration may
increase ischial pressures) when presented with the orthotic wheelchair
configuration advocated by this PIL.
Theoretical Framework

Prevention science models suggest that the crux of prevention is to identify
and reduce known risk factors while enhancing protective factors. Postural
malalignment is a known risk factor for musculoskeletal pain, and optimal spinal
alignment is a protective factor. In a study looking at the spinal deformities in
adults who were acutely spinal cord injured prior to the age of 16, Bergstrom(1999)

found a high prevalence of scoliosis and kyphosis. The author suggested that
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habitual positioning in poor alignment was a contributing cause and that

maintenance of seated posture that most closely mirrors the alignment of the spine
in standing may prevent or reduce spinal deformity.

Identification of modifiable factors is essential to develop a treatment
program. The support of optimal spinal posture is the key to prevention of
malalignment and muscle imbalance and therefore this support is important to both
prevent potential musculoskeletal pain and to treat existing pain secondary to
malalignment and muscle imbalance. In the presence of trunk paralysis the
immediate environment of the wheelchair and the extent to which it provides
postural support is a modifiable factor and the target of the intervention in this
study. The intervention in this study is postural change; wheelchair configuration
modification is the mechanism of obtaining this intervention in a population with
truncal paralysis secondary to SCI.

The theory of this investigator is that what is reported as ‘shoulder pain’
after spinal cord injury has two main and inter-related causes. The two components
of pain are postural pain and pain at the shoulder generated from aberrant joint
biomechanics. The posture of the individual is a direct predictor of pain and also
indirectly contributes to péin through upper extremity biomechanics (Figure 1).
Therefore, an interventiqn directed at correcting posture could be tested to see if

there was less pain following improved postural alignment.
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Figure 1: Schematic of Theorized Relationships

However, shoulder pain is not the only outcome of interest. Disability is
defined as the limitations in ability to perform normal physical or social roles
created by the existence of impairments. Secondary disability from a condition of
musculoskeletal pain directly impacts one’s well-being. Spinal postural
malalignment can negatively impact health without the presence of pain. Postural
malalignment can contribute to skin breakdown, impaired respiratory function and
poor self-image. Physical health impairments, to the extent that they interfere with
social engagement and life participation are known to be linked to lower quality of
life (Putzke, Richards, Hicken, & DeVivo, 2002). Therefore, outcome measures in
this project include measurements of perceived postural problems, sensory qualities

of pain, pain interference, and of quality of life.
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Telemedicine

Telemedicine is a term used to cover any health care intervention using the
assistance of technology. It is often collaboration between an urban medical center
with specialty expertise and distant rural primary care providers or home health
agencies. Originally the technology was the telephone and the medical information
was shared over the telephone between clinical practitioners. As technology has
changed the information exchanged has greatly expanded. Facsimile machines
added the ability to se’nd explicit requested data over phone lines. Video
conferencing added a new dimension where it was possible to be viewing the
assessment of the patient in real time, while discussion was also occurring between
the clinicians. Real time teleconferencing has the disadvantage of requiring the two
parties to be coordinated in scheduling of the information exchange and thus
hampers consultation ability over greater distance with different time zones.
Additionally, video conferencing requires television and video equipment close to a
telephone line and sufficient lighting for clarity of picture.

“Store and Forward” telemedicine is a type of distance health care provision
where the health information is collected from the patient, forwarded to the
clinician for evaluation and then the clinical recommendation is returned, either
directly to the patient or to an on-site care giver. This type of distant provision of
healthcare has the advantage of not requiring synchronization of both parties and

works extremely well when the medical information is being collected directly by
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the patient at home and thus can be done during the evening hours. Physiologic

monitoring of such vital signs as heart rhythms, blood pressure, oxygen saturation,
pulmonary function and blood glucose levels can be directly transmitted over
phone lines from the monitoring equipment.

A recent study of “TeleHome Care” fromthe University of Minnesota
(Finkelstein, Speedie, & Potthéff, 2002) looked at the effectiveness of video
conferencing, Internet access and physiological monitoring within a home health
care setting. The length of care received as well as satisfaction with care and cost
were evaluated. They found that there was no real difference between intensity and
length of care received and that patients were all satisfied with care. The
“TeleHorﬁe Care” groups showed increased satisfaction with flexibility, and the
monitored group had increase feeling of ‘safety’. Cost per virtual visit was
significantly less than actual visits; this analysis included the amortized equipment
cost over the potential number of virtual visits that could be conducted with the
available equipment at a rate of two per week over 2.5 years.

However, in a similar study of “TeleHome Care” in Philadelphia the
investigators found that the “TeleHome Care” group had significantly higher cost
per patient per episode, $1,700 versus $390 (IPRE, 2000). The Philadelphia study
had less travel time for the home care nurses and a different population under study
as they used a diabetic population; in the Minnesota study the subjects had CHF or

COPD. Additionally, the Philadelphia study had “TeleHome Care” as a supplement
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to traditional care not a replacement. The group with “TeleHome Care” support had

fewer hospitalizations during the time of study and factoring that into the overall
cost of health care the authors concluded that the “TeleHome Care” was a cost
effective method of delivery.

A recent study funded by the Department of Veterans Affairs (VA) looked
at the reliable use and limits of telecommunication for the remote prescription of
assistive technology (Cooper & Boninger, 2000). The study uses the term
‘TeleRehab’ and used interactive video and audio to increase availability of
specialty services to remote patients. The project investigated the use of video
conferencing for the evaluation of individuals for their seating and mobility needs.
This study was funded through March of 2005. In the preliminary report, the
authors suggested that telerehabilitation shows promise as a useful tool for
wheelchair selection (Allegretti et al., 2003).

The VA Health Care System has been expanding its use of Internet based
technology in support of healthcare. For example, in the VA Health Care Systems
technology has been used to increase clinician access to clinical practice guidelines
and inter-professional collegial discussions on a web-based platform. The VA
Health Care System has also been using a computerized medical record system for
nearly a decade. Patient information can be shared across a sub group of networked
facilities called a Veterans Integrated Service Network (VISN) through secure

sockets and it is possible to browse an entire medical record from a different VISN
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facility. With the use of Virtual Private Network (VPN) clinicians can log on to the

computerized medical record from remote sites. Inter-facility consultation is a new
use of the computerized medical record whereby patient information is shared via a
medical consultation and the clinician at the distant site receives a ‘view alert’ to
the consultation and can then reply after assessing the patient data. This inter-
facility consultation mechanism is intended to transmit text and image medical
documentation.

The Puget Sound Health Care System of the VA has implemented a
Dermatology Telemedicine program using the inter-facility consultation
mechanism. To date this program is not using the image transfer ability due to
insufficient coverage from Dermatology clinicians to interpret the images
(Weenike, 2004).

The current study similarly used the inter-facility consultation mechanism
for secure transfer of patient information including photographic images. This
study is a “Store and Forward” use of teleconsultation and this was selected due to
the advantage of asynchronous clinician scheduling. The use of static photographic
images and supplemental patient data has significant cost savings over real time
video conferencing, additionally accuracy in a still photograph is more readily
attainable than adequate 3-dimensional video taping from a single camera

placement.
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Significance of Study

Postural deformity and musculoskeletal pain is common in individuals who
have a SCI. The relevance of this high rate of pain lies with the increased longevity
and the changing demographics of society. American society is aging and the
burden to the healthcare system is predicted to increase to unprecedented levels in
the coming decades. These facts make preventing secondary disability a priority for
intervention and research.

The specific aim of this project was to determine if health outcomes were
improved in a clinical trial after wheelchair configuration changes in a sample of
persons living with SCI who presented with pain or seated discomfort. Three
hypotheses were tested:

H1). Wheelchair configuration changes will change seated postural alignment.
H2). Health outcome measures will improve after postural change.
H3). Successful seating interventions are possible via a distance medicine model.

If clinically meaningful change can be achieved through teleconsultation the
implementation of such a program could have significant cost savings to the VA
Healthcare Systems and improve access and decrease waiting times for veterans

with seating needs.
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PRELIMINARY STUDIES

The principal investigator has studied issues concerning the shoulders and
postural alignment of persons with SCI for the past 15 years. This work has
illuminated the importance of individualized wheelchair configuration
modifications both for the improvement of posture and the avoidance of pain. Out
of this work the PI and colleagues have developed a prevention and treatment
program for postural alignment problems and pain-related issues for individuals
with SCI who are full-time wheelchair users. Four major principles are the
underpinning of that program: Optimal spinal postural alignment is the platform for
musculoskeletal health, proper biomechanical use of the upper extremity will
preserve pain free function, wheelchair configuration controls postural alignment in
persons with truncal paralysis, and certain wheelchair configurations will provide
orthotic support to the paralyzed trunk. Four peer-reviewed articles, three abstracts,
the development of departmental programs at two hospitals and numerous case
studies have resulted from these efforts.

Implications of Elbow Arthrodesis for Individuals with Paraplegia: A Case Study

Postural alignment and corresponding functional problems were first
addressed in an article written by this investigator in 1993. In this case study of
clinical decision making concerning an individual with paraplegia, the functional
evaluation of self care skills possible with two different elbow fusion positions was

investigated. The superiority of a 30-degree fusion over a 90-degree position was
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supported but the ramifications of a fusion in the distal upper extremity joint for the

shoulder function and spinal alignment were also discussed. The key wheelchair
modification to avoid seated postural malalignment and maintain manual
wheelchair propulsion ability was the use of asymmetrical handrim diameters. This
case study had many facets but key among them was that modification of the
wheelchair configuration to accommodate the elbow fusion could ameliorate
negative postural sequelae (Young, 1993).

This publication was followed by a series of platform and poster
presentations more specifically dealing with the ‘weight bearing shoulder’ of
persons with SCI. Clinical observations had led the PI and colleagues to conclude
that the literature on issues of the shoulder in SCI was lacking and biased. To
characterize the prevalence of shoulder pain and functional impairment a
descriptive study was undertaken at the Puget Sound VA Health Care System SCI
Service (Seattle VA).

The Weight Bearing Shoulder Following Spinal Cord Injury

In 1995, the PI and colleagues presented a study that challenged the
prevailing contention that shoulder pain was a major cause of functional limitations
in persons with paraplegia. In a survey study the investigators had found that 52%
of the population reported shoulder pain but only 5 of the 29 subjects reported both
pain and functional loss without pre-existing shoulder injury (prior to SCI). The

investigators also challenged the notion of weight bearing as the etiology of
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shoulder pain, finding that the most common complaint of pain in their subjects

was with overhead reaching activities (Young et al., 1995). Based on these findings
and clinical observations it was hypothesized that there would be a lower
prevalence of shoulder pain among individuals receiving their acute rehabilitation
at the Seattle VA. This hypothesis was premised in the unique practice
characteristics at the Seattle VA. Key among the care practices was the primary use
of rigid frame manual wheelchairs with orthotic configuration supporting postural
alignment. Further, a transfer technique emphasizing hands down, hip flexed body
mechanics was taught, which was believed to protect the biomechanics of the
shoulder. Thus began the development of a prevention and treatment program for
shoulder pain in the SCI population.

Prevention and Treatment Program for the Weight Bearing Shoulder

The following year the PI presented the results of a prospective study
looking at the outcomes of patients presenting with shoulder pain who were
enrolled in the non-surgical treatment program. This paper built on prior work and
offered a prevention and treatment program for shoulder pain in the ‘weight bearing
shoulder’. The prevention and treatment program was developed out of the belief
that the unique features of the rehabilitation approach at the Seattle VA were the
explanation of the lower prevalence of shoulder pain, thus the program
systematized the practice. The shoulder protection program consisted of four key

elements: 1) avoid damaging patterns of shoulder use, 2) optimize postural
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alignment, 3) balance the musculature around the shoulder, and 4) patient

education. |

A case series of patients, who had been rehabilitated elsewhere and
presented to the Seattle VA with shoulder pain, was studied to test the hypothesis
that this prevention and treatment program would ameliorate pain in persons who
did not have optimal postural orthotic support from their wheelchair confi guration
and were therefore using the upper extremity with improper biomechanics.
Fourteen cases were treated with the shoulder protection program and were
formally studied. The key intervention of the program was wheelchair
configuration change to provide orthotic support to spinal postural alignment.
Functional tasks were also surveyed for improper biomechanics and alternate
strategies for movement taught. The program was successful in resolving the pain
of seven individuals, reducing the pain in five and in two there was no change in
their pain status. These last two individuals had been full-time wheelchair users for
42 and 47 years respectively. Time since injury has been significantly correlated
with shoulder pain (Dyson-Hudson & Kirshblum, 2004) which is also confounded
by advancing age. In the general population there is an increase in shoulder
pathology with aging. Only four individuals had limitations to functional activities
that persisted after the program interventions. Of these individuals, one had used a
wheelchair for only five years; the other three were the longest users in the

population (39, 42, 47 years)(Young et al., 1996).
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The PI and colleagues had observed an increased number of referrals for

rehabilitation after rotator cuff repair and there was an interest in evaluating pain
and function after conservative management compared to rotator cuff repair.
Rotator Cuff Repairs in Individuals with Paraplegia

The recommendation for a conservative approach to shoulder pain and
rotator cuff impairments was published in a paper discussing the poor success of
surgical repair in this population of patients. The four basic principles already
articulated underpin the conservative approach; proper biomechanical use of the
upper extremity, spinal alignment as a platform for biomechanics and the
wheelchair as an orthotic support for postural alignment. Postural alignment was
seen as a key piece of the intervention because of the recognition of posture as the
platform for upper extremity biomechanics. The position of the scapula and thus
the mechanics of the glenohumeral joint are obligatorily effected by the alignment
of the spine. In the absence of postural spinal muscular power it was noted that the
posterior muscles of the scapula were substituting as postural stabilizers and this
was believed to be a direct source of fatigue and pain and well as indirectly creating
abnormal joint mechanics at the glenohumeral joint and potentiating pain
(Goldstein, Young, & Escobedo, 1997).

Hip Subluxation and Scoliosis in Individual with Paraplegia
Scoliosis is multi-planar and can have many negative sequelae, including

cervical and shoulder pain. A pattern of functional scoliosis secondary to hip
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subluxation or dislocation was recognized by the PIin a number of patients

presenting with musculosekeletal pain complaints. The PI presented a poster on this
clinical pattern and offered a hip protective protocol based on the common clinical
characteristics found in a retrospective chart review of cases of hip subluxation
(Young, Giertz, & Goldstein, 1998). Because it is a functional scoliosis it can be
resolved with an ipsilateral pelvic lift if the body has remained flexible. The
amelioration of musculoskeletal pain with a postural correction is premised in the
basic principle that the spinal alignment is the platform for upper extremity
biomechanics.
Clinical Observation

The interaction between postural alignment and shoulder pain had become
very clear to the PI. The observed pattern was that SCI patients with clinical
referrals to the PI for shoulder pain would respond to an intervention of only a
postural change and have resolution of the pain complaints. The PI's emerging
theory was that some of the ‘shoulder pain’ reported is actually postural pain in the
peri-scapular muscles from over work. Another component of the reported pain
was believed to be mechanical joint pain or muscular pain in the supporting
musculature, created by the joint being used in malalignment secondary to the poor
postural support. This theory would support the hypothesis that if an individual has
pain in pushing a wheelchair the joint is working in a malalignment. In contrast, if a

joint is used in proper alignment there will be no pain.



Wheelchair Adjustment to Elimina—te3 ét-loulder Pain in An Adult with Cerebral
Palsy
This hypothesis was supported by a case where shoulder pain was
eliminated in an individual with cerebral palsy by adjusting the wheelchair to
change the angles of excursion of the shoulder during propulsion. This individual
had propelled with a hyper-extended shoulder and after adjustment to the chair to
create a more neutral shoulder alignment his pain was completely resolved. This
case was presented in a poster at the American Physical Therapy Association
Combined Sections meeting 2000 and then published in Physical Therapy Case
Reports (J. Hastings, 2001).
Postural Maintenance During Pregnancy in a Woman with T7 Paraplegia
Conceptually, a wheelchair configuration with orthotic support is carefully

set up to match the available lower extremity range of motion of the user and
support/substitute for their absent postural strength. The importance of matching
the configuration of the wheelchair to the available range of motion of the
individual was highlighted by work with a woman with T7 paraplegia through the
months of her pregnancy. Her progressively changing body dimensions required
the wheelchair configuration to change with her to maintain good spinal alignment
which aided in her respiratory ability as well as preventing neck and shoulder pain.
The size of the wheelchair did not need to change, the configuration, in particular
the angles between the seat and backrest, did need to change (J. Hastings & Baker,

2000).
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The four major principles for prevention and treatment of postural

alignment and pain issues developed through the work of the PI have been
incorporated into the standard of practice at the Seattle VA (where the PI had been
the supervising therapist and responsible for the training of the therapists in
wheelchair prescription and seating for ten years). A wheelchair provided to newly
injured individuals will have a fairly set specification of parameters. Starting with a
positive seat slope (usually 2-4 inches of difference front to rear with higher level
injuries requiring more slope) a perpendicular backrest (measured to the floor) and
a backrest set relatively short (at approximately the bottom of the ribs). The
wheelchair will then be fine-tuned to the user’s balance and comfort and to
interface with immobilization devices. This platform of seating position is not
universal across the nation or even across the city. Therefore, it was determined
that there was a need to do a controlled study to show that this wheelchair
configuration did indeed improve postural alignment and should be incorporated
into routine care of newly injured spinal cord injury patients.

Wheelchair Configuration and Postural Alignment in Persons with Spinal Cord
Injury

A formal study was done to compare the seating prescribed at the Seattle
VA with the usual production con*f‘iguration of two common wheelchairs in terms
of the postural support provided. The study received IRB approval; the results were
presented at the American Spinal Injury Association (ASIA) annual meeting and

published in a full article (J. Hastings et al., 2003). The design was a single session
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cross over with random assignment to the order of the three wheelchair

configurations. The sample was one of convenience solicited from the population
of patients served by the Seattle VA SCI unit. Inclusion criteria were persons with
ASTA Impairment Scale Scores of A or B with motor levels between C6 through
T10 inclusive, who used wheelchairs for full-time mobility and had no medical
conditions, which disallowed sitting for the period of the research session.
Exclusion included overt postural deformity, and significant loss of range of
motion. Two sagittal plane photographs of each subject in each wheelchair were
taken, one at rest and one with right arm reaching as high as possible without
contralateral support. Linear and angular measurements were taken from the digital
photographs. Data analysis consisted of comparisons of these measures across
wheelchair situations. The ‘test’ wheelchair, which was configured in the usual
manner of the Seattle VA (described above), was found to improve posture and
humeral elevation (J. Hastings et al., 2003).

This study included elements that are used again in this dissertation work.
Measurements from sagittal plane photographs comprise the proximal measure for
the current research. Experience from the above study and a second pilot study
have clarified the procedure for photographs and points for measurement. The 2003
study also showed that the wheelchair configuration changes sagittal plane postural
alignment. This is fundamental to the current research. The current study

hypothesizes that postural changes can be achieved through wheelchair
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configuration change, and that these changes will improve health outcome

measures.

The measurements taken in the crossover study were cumbersome and time
consuming. The apparent thigh measurement used in the study appeared to be the
most straightforward, but it did not show significance in the findings. The other
straightforward measure was the humeral elevation; this was simple to measure and
showed significant change. It was deduced that a similar linear seated height
measure might be readily measured. A retrospective chart review was proposed and
received IRB approval to test the feasibility of the linear measurement of seated
height from clinical photographic documentation and to determine the effect size of
custom seating interventions as indicated by the postural measure.

A Retrospective Chart Review Of Custom Seating Interventions To Improve
Postural Alignment In Wheelchair-Using Individuals (Unpublished).

This study was completed on a convenience sample of 18 patients who had
sought seating interventions from the investigator over a S-year period; all were
full-time wheelchair users secondary to neurological impairments. Three of the
charts had insufficient documentation and were excluded from analysis. In this
study the seated height measure met the validity criterion and showed significant
change. The effect size (mean change score/standard deviation of the change

scores) of customized seating intervention as measured by seated height was



-36 -
calculated to be 1.25 which suggests that the change can be seen by the naked eye

and that small samples will show significance.
Cyber Seating

The ability to provide postural intervention through wheelchair
configuration changes from a distance was shown in this case work. The PI had an
opportunity to aid an individual from Central America who was reporting
significant shoulder and low back pain interfering with function. The recommended
seating interventions were determined from subjective information transmitted by
email and the concurrent analysis of digital photographs attached to the email
messages. Lay helpers of the individual did the actual changes to the wheelchair
locally. The result of this Internet mediated intervention was a complete resolution
of the low back pain and the shoulder pain that was limiting function in this
individual with T4 paraplegia. The case concerning this Internet mediated seating
intervention was presented in a poster at the ASIA annual meeting (J. Hastings,
2003). The experience of successfully intervening with .a postural seating
intervention via wheelchair configuration change without ever physically meeting
the individual is the lynchpin of the plan to study a teleconsultation postural seating
intervention in comparison to the hands-on usual care for seating interventions. By
happenstance, the individual in this case tracked down the PI (who had changed

jobs) to report his current status. The following is an excerpt of his email:
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“After four years- remember you helped me in 2001- I am doing well

instead of the shoulder problem- working and living my life fine on my
wheelchair”.
Instrument Development: A Postural Scale for Wheelchair Users

The PI developed an instrument to measure the subjective perception of
posture in wheelchair users as an outcome measure for this dissertation research.
Upon finalizing the initial instrument a study was proposed to test the
psychometrics of the scale. IRB approval was received for a self-report mail in
survey. The sample was recruited from advertisement and flyers with snowball
sampling encouraged. Forty-one questionnaires were returned. Item analysis
resuited in a refinement of the scale with reduction to a 16-item scale. Construct
validity was established during development and concurrent validity was
established with correlation to a single item (embedded). The internal reliability of
the scale in the sample was very good for a new scale (Cronbach’s alpha=.86).
Test-Retest reliability on 7 subjects with a 2-week interval showed a mean total
scale score change of 1.3 on a scale with a range from 0-48, the total scale scores

were correlated at r=.7 (J. Hastings, 2005).
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RESEARCH DESIGN AND METHODS
Overall Study Design

This study was a prospective quasi-experimental design with repeated
measures across subjects to control for baseline differences in the outcome
measures. Subjeqts were randomized to group for comparison of two alternative
intervention modes. A delayed treatment control was designed into the study in
hopes of showing the stability of the outcome measures in a “no treatment”
interval. The design called for two baseline measures to allow the ability to assess
the difference between treatment and no treatment by comparison of the change in
outcome measures between time 1 and time 2 (which is the interval with no
treatment) and the change between time 2 and time 3 (the interval with treatment).
Maintenance of the outcome was assessed by comparison between time 3 and time
4 (at three months post intervention).

Settings

The VA provides health care for veterans in a national system, which is
divided into VISNs or sub group of working networked facilities. VISN 20 includes
the northwestern states. SCI care inside the VA is a specialized service with
specifically designated centers. SCI specialty care in the VA is delivered in a Hub
and Spoke system. The SCI Hub for VISN 20 is located at the Puget Sound Health

Care System Seattle Campus. Smaller hospitals and outpatient clinics have primary
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care centers for SCI veterans, which are associated with an SCI center (Hub) and

are designated SCI “spoke” facilities. Primary care providers come for training at
the SCI centers and have a rudimentary knowledge of SCI special needs and are
specially trained on signs and symptoms that require referral to the specialty center.
Guidelines for care delivery explicitly preclude seating evaluation and intervention
at the spoke sites with the expectation of referral to the SCI center (Hub). The
planned use of the spoke clinics for recruitment for this study is due to the lack of
specialized seating expertise at the spoke clinics.

Subjects for this study were specifically recruited outside of VISN 20 as the
SCI Specialty Center of the Puget Sound VA is an established center of excellence
for seating interventions (the home clinic of the PI) and the patients served by this
center should not have unmet needs.

Two facilities were selected as distant sites for this research study from a
list of potential sites provided by the administrative staff of the Chief Consultant of
the VA SCI/D Service. The selection criteria included: Potential need for improved
seating among the patients served, the number of patient encounters in the past year
and location within one time zone of Seattle. The sites selected were in the same
VISN and will be designated Site 1 and Site 2 throughout this report. Site 1 had 146
patient encounters in the fiscal year prior to the study and Site 2 had 139. The Chief
Consultant of the VA SCI/D Service endorsed this project prior to the initial

overture to key contacts at each site. Cooperation agreements were confirmed with
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both sites, with commitments for space and dedicated clinical staff time over 4

months from May through August 2005.

Site investigators were established prior to beginning the research project.
Extensive inf;)rmation exchange occurred over email and phone conversations in
the months leading up to the study. The PI provided on-site training to the site
investigators in the month prior to enrolling subjects. A written manual on the
research project was left with the site investigators including all procedural
instructions, instruments and documentation templates.

Personnel

Personnel for this project included the PI, two site investigators, one
wheelchair technician, and a designated VA PI at Site 1 (this was a requirement for
the local IRB, his participation was minimal but he was thé ‘responsible physician’
for the study). The roles of the primary personnel are described below.

The PI:

o Wrote the proposal and the human subjects applications for the overall
study.

0 Submitted to the UW and Puget Sound IRB authorities.

o Wrote the human subject applications and assisted the site investigators
with gaining local approvals for the project.

a Provided training to local investigators.
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a Created and provided all templates, guidelines and written training manuals

" for the local investigators.

0 - Provided all intervention and collected all data for the in-person treatment

group after the initial enrollment session.

a Completed all photographic analysis and seated height measurement for

both groups.

o Provided the wheelchair configuration change specifications (intervention)

for both groups.

o Responded to all inter-facility consultation for the teleconsultation group.

o Provided all reminder calls and administrated subject payment.

o Completed all data analysis.

0 Authored this report.

The site investigators were responsible for gaining local IRB approval for the
project. At Site 1 this task fell to the designated PI, at Site 2 it was the site
investigator. The site investigators were responsible for local enrollment of
subjects, which includes appropriate informed consent, screening for inclusion and
collection of baseline data on all subjects from their site. The site investigator was
then responsible for the random assignment to group (following pre-estéblished
process) and scheduling into the appropriate clinical track. For the teleconsultation
group the site investigator completed the intake evaluation following guidelines

and templates provided and then initiated the inter-facility consultation to the PI.
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After receiving the specifications for wheelchair configuration change (the consult

report from the PI) the site investigator was responsible for completing the
wheelchair modification and collecting data in the second teleconsultation
appointment (in Site 1, the wheelchair configuration work was delegated to a
technician under guidelines and supervision of site investigator). The site
investigator was similarly responsible for teleconsultation appointment number
three.
Training for Site Investigators

The PI visited each site and provided a presentation on the theoretical
foundation of the study and the principles of orthotic seating intervention, and the
specific data collection and intervention techniques used in this study. The site
investigators received training in seating intake evaluation and passive range of
motion measurements. The site investigators and the wheelchair technician (Site 1)
received training in the usual adjustments of wheelchairs for postural support. Both
site investigators demonstrated their ability to collect correct data on a mock
subject. Guided data collection forms were used for all information collection. Both
sites had a complete training and procedures manual left after the training session.
The written manual for the study included photographs, intake forms and
checklists. Study photographs were taken with a digital camera and downloaded
into computer for transfer to the PI. Both site investigators were provided with a

camera for the study, in person training in how to use the camera and left with the
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owner’s manual instructions. Additionally, at both sites a computer support staff

member was designated for assistance with image capture and training was
provided from this source as well.
Target Sample

A power analysis considering the mixed model design and use of repeated
measures ANOVA on a single sample with an estimated correlation of .5 in the 4
repeated measures yielded a power of .80 with 8 subjects with an effect size of .89,
alpha=.05 (Stevens, 2002). This analysis used the seated height proximal measure
as the index.

Target enrollment was 10 subjects from each of the facilities, for a total of
20 subjects. The target enrollment was set higher than the 8 subjects suggested by
the power analysis to improve the power on the distal outcome measures. The study
was designed to accommodate as many as 18 subjects from each facility with a
total of 36 possible subjects.

All persons who contacted the site investigators during a 4-month study
period were screened for inclusion in the study. Eligible subjects were enrolled as
they presented throughout the study period. Enrollment ended on the last day of
August as planned in the cooperation agreements with each study site.

The sample was drawn from the patient population of the VA Health Care
systems who are spinal cord injured and receive their care at either of the two

designated facilities. Human subjects committee approval was obtained from the



-44 -

University of Washington IRB, the Site 1 VA Medical Center IRB and the

University of Arizona who serves as IRB for the Site 2 (UW is the IRB for the

Puget Sound Health Care Systems). Approval was also obtained from the VA

Research and Development Committees of the Puget Sound VA, and both site VA

medical centers.

L.

Inclusion Criteria

SCI with American Spinal Injury Association (ASIA) Impairment Scale
(ASIA, 1996) scores of A or B, motor level between T1 and T.IO inclusive.
Aged 18 years or greater.

One year or more post the date of SCIL.

Presenting with complaints of non-specific musculoskeletal pain in the
shoulder, neck or peri-scapular region, general discomfort while seated in
their wheelchair or observed sagittal plane postural malalignment.
Full-time users of manual wheelchairs classed as lightweight or ultralight

(Medicare K4 or K35).

Rationale for inclusion criteria

L.

The ASIA impairment scale is a classification of the extent of the spinal
cord injury. Motor level between T1 and T10 inclusive indicates that all
individuals will have impaired trunk motor control and those with T1 would
also have mild impairments in hand function, with loss of intrinsic hand

motor power. The classification of A and B indicate the amount of
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completeness of the SCI. Individual’s with A scores are motor and sensory

complete below the level of injury and those with a B score have sensory
sparing below the level of injury.

* A modification was requested to allow inclusion of individuals with motor

level of injury between T1 and T12 and was approved; however no subjects

were recruited after the modification.

2. The VA Health Care System serves adult veteran populations.

** A special modification request was submitted in Site 1 to allow inclusion of

a non-veteran employee of the VA who otherwise met the eligibility criteria,

this was approved and one non-veferan was enrolled.

3. The one year post SCI date inclusion criterion was used to insure that the
subjects had attained a level of stability in their medication management
and were using permanent equipment (rather than loaned), additionally one
year post has been a standard used in the literature to operationally define
‘chronic’ spinal cord injury.

4. The intervention in this study was postural alignment change through
wheelchair configuration change, the theorized musculoskeletal pain this
intervention addressed are listed in this iﬁclusion criteria. The intervention

addressed sagittal plane postural alignment.
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5. The wheelchair classification codes were used to insure the adjustability of

the wheelchairs. The intervention under study was postural change brought

about by wheelchair configuration changes.

Exclusion Criteria and Justification

1. Significant frontal plane postural deformity.

Frontal plane (frontal plane is the two dimensional cardinal plane passing from
medial to lateral and viewed from the anterior or posterior direction parallel to the
long axis of the body) deformity is a more complex issue and requires skilled
evaluation that cannot be assessed from static photographic documentation.

2. Current pressure ulcer.

Sitting is generally contraindicated with pressure ulceration.

3. Any medical condition not allowing participation in transfers and sitting.
The intervention required multiple transfers and habitual sitting in wheelchair to
ascertain outcomes.

4. Inability to self- inspect skin on sitting surfaces.

The intervention changed the seated posture of the individual and as a safety
precaution each participant was asked to monitor skin for any adverse changes.

5. Ankylosing spondylitis (a spine fusing disorder) or heterotopic ossification

(bone growth in the joint periphery which limits range of motion, usually

into flexion) in the lower extremities, or significantly limited lower
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extremity range of motion which does not allow the subject to fit into the

pelvic stabilizing configuration.

The intervention under study was a change in wheelchair configuration.
Conceptually the change in wheelchair configuration will be to a position of
orthotic support, thereby creating a force support system to improve alignment of
the spine. Flexibility is an inherent need for successful intervention.

Persons with spinal cord injury are routinely on a regime of medications for
control of secondary conditions caused by SCI (e.g. antispasmodics,
anticholinergics, bowel medications). Subjects were asked to refrain from
medication changes during the duration of the study and at the end of the study they
were asked about any changes in medications during the study period (no changes
were reported). There were no exclusions based on medication use.

Instruments/Outcome Measures

Demographic information was gathered on a self —report questionnaire
which is a component of the Wheelchair Users Shoulder Pain Index developed by
Curtis (Curtis et al., 1995). With permission some additional questions were
composed and added for this study. Information included age, gendér, SClI level,
year of SCI, height and weight, make and model of wheelchair, musculoskeletal
history related to the shoulder, neck and back and a survey of basic functional

mobility.
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Three types of measurements were made during this research project, a

single proximal outcome measure, distal outcome measures, and process measures.
The outcome measures were assessed at multiple time points with planned
comparison of the scale scores measured before and after intervention. Distal
outcome measures included measurement of perceived postural problems, measures
of sensory qualities of pain, measures of pain interference, and a measure of quality
of life.

- Proximal Outcome Measure

Seated height is the proximal measure. Seated height was measured from
photographs taken at baseline and post intervention. The intervention of this study
was a change in postural alignment; the mechanism of creaﬁng this change is
wheelchair configuration change. The proximal measure of seéted height was
expected to show a change to greater values of seated height (taller- more erect
sitting) post intervention.

The architecture of the spine is well known and the obligatory interactions
of the vertebrae with motions of spinal flexion, extension, rotation and lateral side
bending have been established (Kapandji, 1987). The pelvis, as the base of the
spihe7 has a certain vertical height in upright-seated posture. In the condition of
posterior pelvic tilt the height of the pelvis is rotated from vertical toward
horizontal concomitantly there is obligatory spinal flexion and therefore the overall

seated height will decrease in a condition of posterior tilt.
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For this study a single postural index was used: overall seated height (SH).

SH is defined as the vertical measurement between a point marked on the seat rail 2
inches forward of the junction of the seat and backrest cane to a horizontal line at
the highest point of the head (Figure 2). Seated height was measured from a point
on the seat rail rather than the floor due to the fact that a component of the
wheelchair configuration change may be to lower the rear frame of the wheelchair,
therefore the measurement that will reﬂéct the erectness of the spine is from the
seat. Increase in this measurement indicates increased spinal extension. This
posturél index was selected because it can be measured from directly observable
sites on the photographs without requiring markers on the body or removal of
clothing beyond the external items such as coats and hats. An unpublished pilot
study using seated height measured from clinical photographic documentation
found the measure to be a valid indicator of postural change and a reliable
measurement with intraclass correlation for unordered pairs of .99 and .98.

The intent of the proximal measurement is to show postural change,
specifically in the spinal alignment. The ‘gold standard’ for measuring spinal
alignment is with X-rays. However, cost is prohibitive and further there are issues
with the feasibility of using radiographic film to capture the alignment while seated
in the individual’s wheelchair. Wheelchairs are metal, plastic and rubber and the

metal components will show as artifact on the radiograph and most X-ray
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equipment is not designed to be used for film taken in a position of sitting without

moving to the designated X-ray table.

Seated height (SH) is defined as
the vertical measurement between
the marker on the seat rail placed 2
inches forward of the junction of
the seat and backrest cane to a

horizontal line at the highest point

Figure 2: Operational Definition of Seated Height

The PI measured seated height from the digital photographs with linear
metric measurement. Photographs were printed to the same referent scale for each
subject. There was some discrepancy between subjects due to photograph quality
and resolution.

Photographs were taken with a digital camera following specific guidelines.
Photographs taken by site clinicians were downloaded from the camera and

attached by image capture to the computerized medical record. The images then
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were exported to a word document for printing. Photographs taken by PI during in-

person clinical appointments were downloaded from camera to computer and into a
word document and were not imported into the medical record.

Distal Qutcome Measures

Pain

Three instruments were used to measure pain. The Wheelchair Users
Shoulder Pain Index (WUSPI) was used to assess the functional impact of pain in
the shoulder. This instrument was developed by Curtis in 1995 (Curtis et al., 1995)
and has been frequently used in the past decade as a pain measure in the population
of SCI. Curtis reports internal reliability alpha=.97 and stability in test-retest
analysis with interclass correlation at .99. The WUSPI is considered a one-
dimensional scale to reflect the functional cost of shoulder pain. The instrument is

15-items self-reported on a visual analog scale (VAS) for each item anchored at no

pain and worse pain ever experienced. The total scale score has a range from 0-150
and can be modified to a performance corrected scale if subjects do not do some of
the items assessed in the questionnaire. Performance corrected scale scores were
used for this analysis. Individual item analysis was also done to see if there was
more change on items where posture would be more likely to impact the function.
A single item was used as a direct measure of pain interference. This
measure read: “How much has any pain above the level of your spinal cord injury

interfered in your ability to perform your usual activities in the past week?” This
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item was rated on a VAS anchored at not at all and usually or severely. Pain

interference is a measure of disability and a referent therefore of musculoskeletal
health.

A VAS was used to assess the sensory quality of pain. The subjects were
asked to rate two conditions: 1) Rate your current pain and 2) Rate the worse pain
you have had in the last three days. The VAS is a 10 cm. horizontal line anchored

at no pain and worst possible pain upon which the subjects placed a mark to

indicate their level of pain. The score is determined by a linear measurement from
the left anchor to the mark. Subjects were also asked to indicate the area that relates
to their pain on two schematic diagrams to represent current and worse pain. The
VAS was therefore a referent of postural pain, shoulder pain or both.

All instruments using visual analog scales were scored in the same manner.
The measurement was from the left anchor in centimeters to two decimal places.
Posture

The Postural Scale for Wheelchair Users (PSWU) was developed by the PI
to measure the subjective perception of problems with seated posture. This scale
has been pilot tested (n=41) and shown to have internal reliability at alpha =.86. On
a very small sub-sample (n=7) a test —retest correlation was found at an acceptable
level of r=.7, and the scale mean differences were not significantly different. On a
small clinical sample (n=5) measured before and after an intervention the change in

the total scale score means were significantly different (p=. 0001). Construct
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validity was established during development. The PSWU is designed as a

multidimensional scale but the domains have yet to be established with factor

analysis. The scale is 16 items, self-report with 4-point Likert levels of agreement

anchored at completely disagree and completely agree.
Quality of Life

Quality of Life was measured by the Satisfaction with Life Scale (SWLS)
(Diener, Emmons, Larsen, & Griffen, 1985). This scale has been used in the SCI
population and was found to significantly correlate with pain interference (Putzke
et al., 2002). The scale consists of five statements with levels of agreement rated on

a 7-point Likert scale anchored at strongly disagree and strongly agree. It is

considered a one-dimensional scale measuring general well-being.

Process Measures

Other clinical process measurements were taken during the course of this
research project including lower extremity range of motion, leg length and
wheelchair measures. The on-site investigator, using goniometry, evaluated lower
extremity passive range of motion measures. Goniometry is a well-established
method of measuring motion at various joints of the body and is a standard
procedure of evaluation for occupational and physical therapists. The skill of
goniometric measurement is taught at technical and junior college level to Physical
Therapy Assistants. It is usually accorded a single session in a laboratory setting for

instruction in the technique for a particular joint measurement. The three
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goniometric measurements required for the study were demonstrated to the site

investigators during the training visit and demonstrated back to the P1. Written
instructions with pictorial examples were included in the site training manual. The
goniometric measurements were not outcome measures but were used by the PI for
determining the wheelchair configuration change recommendations. Goniometry
has a known inter-rater reliability of 5 degree error.

Leg length measurements were taken as a simple linear measurement with a
metal tape measure between the mat surface and the posterior aspect of the flexed
knee. Not maintaining the knee at 90 degrees of flexion or misreading the tape
measure can cause error in this measurement. The technique for measuremént was
demonstrated to the site investigators during the training visit and demonstrated
back to the PI. Written instructions with pictorial examples were included in the
site training manual. This measure was not an outcome measure but was used in the
determination of wheelchair configuration change.

Wheelchair measurements were made with a metal tape measure.
Instructions, demonstration and practice by the site investigator or wheelchair
technician were done during the training visit and all measurements had written
instructions and pictorial examples in the site training manual. Wheelchair
measurements were not outcome measures but were used in the determination of

wheelchair configuration change recommendations.
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Procedure

Figure 4 illustrates the flow of procedures. The subjects once enrolled,
completed a series of baseline measures and were then randomized to group, either
teleconsultation or clinic. Depending on the group they were then scheduled into
the next open clinic time or continued with an appointment with the site
investigator. The same clinical information was obtained during the appointments
for both groups with the use of an intake interview template and guidelines for
PROM evaluation, wheelchair measurement and photographs. The seating
specialist clinician (PI) typically included additional assessments or questions
during the clinic visit and no attempt was made to restrict the performance of the
‘gold standard’ in-person seating clinic. The seating clinics also included empirical
trials, which were not a component of the teleconsultation intervention group. In
addition to the potential added clinical assessment as a component of the clinic
intervention there was also a difference in the number of appointments. The in-
person seating clinic was one long session (3 hours) with a follow up by phone or if
needed in clinic the next day. The teleconsultation group was scheduled for 3

separate appointments each approximately one hour long.
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Recruitment
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Details of Clinic Appointments

The subjects randomized to the teleconsultation group were planned to have
a series of structured appointments following protocol. The planned appointment
protocol was as follows: Upon arrival the subject will transfer (with assistance
provided as needed) to an evaluation mat and intake lower extremity passive range
of motion (PROM) numbers will be recorded. While the subject is out of his
wheelchair, specific measurements of the wheelchair will be taken following an
intake form. A marker will be place on the right seat rail 2 inches forward of the
backrest. The subject will then transfer back into his wheelchair, and be asked to
assume their usual comfortable sitting position. Two photographs will be taken
following protocol from the front and the right side of the subject. The subject will
be scheduled for an intervention appointment 2 weeks from the date of the baseline
appointment.

At the completion of the intake appointment all the intake information is to
be immediately transmitted by inter-facility consultation to the seating specialist
clinician (PI) for synthesis and determination of the wheelchair configuration
change specifications. The seating intervention plan will be custom designed and a
specific plan for wheelchair configuration changes will be transmitted back to the
site and will be confirmed with the site investigator one week prior to the
interventional appointment to insure all nécessary material and equipment is

obtained and present at the interventional appointment.
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When the subject arrives for the intervention appointment (teleconsultation

appointment #2) they will be asked to repeat the outcome measures. They will then
get out of the wheelchair so that the changes can be made to the chair. After
changes, the subject will return to his wheelchair. The subject will take a
supervised test ride of their wheelchair, which will include safety checks for
functional wheelchair mobility to insure the patient is secure in the newly
configured wheelchair. If necessary the wheelchair will be fine tuned within the
manual guidelines to patient comfort. Once no further configuration changes are
necessary (the subject is comfortable and safe in the changed chair) the specific
measures of the wheelchair will be recorded (while the subject is out of the
wheelchair). Once the subject returns to his wheelchair and assumes a comfortable
seated position the two resting position photos, sagittal and frontal plane will be
taken. The subject will be scheduled for a follow up appointment in one week, and
given phone numbers to call for any untoward occurrences in the intervening week.
Intervention information will be sent to the PI via the inter-facility
consultation immediately post appointment. After synthesis of this information the
PI may recommend some fine-tuning of interventions at the one week follow up
(teleconsultation appointment #3). At follow up appointment photos will be taken
when subject arrives. If any further modifications are done at this appointment,
more photos and measures will be taken post intervention. If no further wheelchair

modifications are performed the appointment will be used to practice functional
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activities or transfers or wheelchair skills, which may be changed with the

wheelchair configuration.

In practice there were some variations from this protocol, some of the
variations were due to the technical difficulties with the inter-facility consultations
and will be discussed in a later section, others were simply scheduling difficulty
with the site investigators joint obligation to provide clinical care and to work on
this study, especially when meshing with the subjects’ personal scheduling
conflicts. Site 1 worked with a wheelchair technician, which increased the
complication for scheduling and created some confusion about who was acquiring
equipment. In one case, even though the PI had provided the prescribed equipment
for the purpose of use in the study, the equipment was ordered through usual VA
purchasing process and this significantly delayed the intervention. The subject who
withdrew without completing the intervention (teleconsultation Site 1) >had a
similar delay caused by equipment acquisition.

At the end of the session in which the wheelchair changes were finalized all
subjects in both groups were given a packet of outcome measures (T3). The packet
was dated on the outside with the date to return the completed packet. The T3
packet was returned in a postage paid envelope. The PI sent a reminder note to each
subject in the week they were to complete the T3 packet. The PI also made phone
call reminders to all subjects within 3 days of the hoped for outcome measure

completion.
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Three months post the date of the completed intervention the PI mailed a

packet of outcome measures (T4) to the participant. This packet included repeat
instructions and a letter thanking them for participation and requesting any
unstructured information they wished to share in addition to the information on the
questionnaires. The T4 packets were returned in postage paid envelopes.
Data Analysis

The data were coded and double entered into Excel (Office 2000)
spreadsheets for cleaning. The cleaned data were imported into SPSS (11.5) for
statistical analysis. Demographic and baseline data were analyzed to determine if
there was any difference between the study groups. Distributions of data were
evaluated for normalcy and where normal distribution was present parametric
statistics were used and when the data was not normally distributed non-parametric
statistics were used.

This study was designed with two independent variables: treatment group
(with 2 levels) and time (with four levels) (Figure 5). Outcome measures were
assessed at each time with the exception of the Satisfaction with Life Scale, which

was assessed only at T1 and T4.

T1 T2 T3 T4

Clinic "~ NoRx Intervention No Rx

Teleconsultation No Rx Intervention No Rx

Figure 4: Schematic of Study Variables
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The interval between T1 and T2 was planned as 2-4 weeks in duration but tended to

vary with the shortest interval at one week. The interval between T2 and T3 was
planned to be two weeks, with T2 being collected at the beginning of the intervention
appointment and T3 returned by mail two weeks after the intervention. Because T3 was
collected by mail the exact date of completion is not known but all T3 data packets
were received within 4 weeks. The interval between T3 and T4 was planned to be 3
months, again there is some variability due to the return by mail of the T4 packet.

Specific Aim #1, which reads: Determine if improved outcomes, including
a reduction in musculoskeletal pain, will occur following improved posture in
persons with SCI who use manual wheelchairs full-time, addresses the efficacy of
the intervention. Analysis of the proximal outcome measure tests hypothesis #1
which is: Wheelchair configuration changes will change seated postural alignment.
The SH measurements before and after intervention were analyzed for difference
and direction. The mean change value was used with a Student’s t-test for this
analysis.

Planned pair-wise comparisons of the mean scale scores at baseline and
post-intervention, and between the post-intervention and longitudinal scores were
analyzed to test hypothesis #2 which reads: Health outcome measures will improve
after postural change. Correlations between the change in scale scores and change

in seated height were also analyzed.
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The second Specific Aim of this study, which reads: Evaluate the feasibility

and effectiveness of providing seating intervention through teleconsultation, was
not evaluated with a statistical analysis. Because the hoped for finding was that
there would a beneficial change in the teleconsultation group and yet that there
would likely be more benefit in the clinic group there is not an appropriate
statistical analysis to evaluate this question. The patient centered benefit of the
teleconsultation was explored and time spent on teleconsultation communications,
downtime from computer inaccessibility and any other threats to feasibility were

documented.
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STUDY RESULTS
Participants

Solicitation, Enrollment and Retention

Solicitation of participants was primarily accomplished by direct mailing to
potentially eligible subjects who were enrolled in two spinal cord injury clinics
within the VA Health Care System. The clinic coordinator at each site compiled a
list of names and addresses from the computer registry of all individuals enrolled in
their clinic with the designated ASIA impairment levels for inclusion. At least one
clinician familiar with the caseload of the clinic sites reviewed the list and
eliminated names of those known to either not fit the remaining inclusion criteria or
have medical issues that excluded them from participating. The group on the final
list was then mailed an informational letter inviting their participation in the study.
Those who had not responded to the first mailing were sent a reminder postcard
one month later. The informational letter was also printed in the statewide
Paralyzed Veteran’s of America (PVA) newsletter. Flyers were also posted in each
facilities outpatient clinic waiting areas.

In total 40 letters were mailed, responses were received from 16 persons in
the initial mailing and two responded to the postcard. The posting in the PVA

newsletter resulted in only one additional response, for a total of 19 responses. The
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response was disproportionate across the sites with 12 responders in Site 1 and 7 in

Site 2 (Table 1).

Table 1: Recruitment

Site 1 Site 2
Mailed/response 18/11 22/7
Advertisement 1 0
response
Enrolled 7 6

There is no means to compare responders to non-responders given that the only
information known to the PIis the ASIA impairment levels; there was no
difference on this measure. Of the 19 individuals who were assessed for eligibility,
six were enrolled at Site 2 and seven at Site 1.

Five individuals were excluded from enrollment because they did not meet
the eligibility criteria, and one declined after clarifying the time commitment. Final
enrollment included thirteen subjects who were randomized between two treatment
groups. Seven were assigned to the clinic group and six to the teleconsultation
group. Block randomization was done, stratified by site, in order to insure
distribution to both groups. The informed consent process was completed by the
site investigator and all subjects had signed the informed consent prior to

randomization.
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Demographics

Thirteen subjects enrolled in the study however two withdrew after
enrollment and therefore are not included in the analysis. All subjects were male.
All had motor complete thoracic paraplegia. Table 2 shows the key demographics

of the sample.

Table 2: Key Demographics

Variable Range (mean)
| Age 40-84 (54)
Yrs of wheelchair use 5-33 (18.6)
No. of transfers 4-90 (21)

The participants (n=11) ranged in age from 40 to 84 years with a mean of 54 years.
The mean age was skewed due to two subjects over 80 years old. By chance both of
these subjects were randomized to the clinic group. Thus, there was an age
difference between the groups; the clinic group (n=6) ranged from 47 years to 84
years (mean 61) and the teleconsultation group (n=5) ranged from 40 years to 55
years (mean 46).

The marital status of the sample varied, the most common category was
divorced (n=4), followed by married (n=3). Two individuals self identified as
single and two as widowers. There was no difference between groups in terms of
marital status. The majority of the sample was not currently employed (n=7). One

of the participants was not a veteran; this was the only participant who identified as
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employed at a full time level. Three other participants indicated employment, one at

thirty hours a week and the others at half time.

The body mass index (BMI) for all participants was calculated from the
height and weight information extracted from the medical records. BMI ranged
from 21 to 30.5 with a mean of 24.5. There was no difference between groups on
this measure.

The years of wheelchair use of all participants ranged from 5 years to 33
years with a mean of 18.6 years. This was well distributed between groups with the
clinic group ranging from 8-29 years (22.7) and the teleconsultation group from 5-
33 years (13.8) though the mean years of wheelchair use was lower in the
teleconsultation group.

All participants indicated an ability to drive, five individuals reported
driving a van with a lift and four a car, the remaining two reported a trunk/sports
utility vehicle or other. There was no difference between groups in terms of the
vehicles used.

The number of transfers reported on a daily basis ranged from 4-90. The
individual stating 90 daily transfers was queried for accuracy of this answer and
replied, “it is at least that”. The mean numbef of feported daily transfers was 21.
All but one participant reported that they were independent in transfers, the
remaining individual required assistance and use of a transfer board. In both the

clinic group and the teleconsultation group there was one outlier on the number of
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transfers reported. The individual reporting 90 daily transfers was in the

teleconsultation group while the individual who reported dependent transfers and
stated they only did four transfers a day was in the clinic group. The advanced
transfer skill of off-the-floor transfers was reported by 6 of the 11 participants.
Wheelchair skills were a mix, with 7 of 11 reporting the ability to jump up four-
inch curbs and only 5 of 11 reporting the use of a wheelie to descend a steep
incline. In general, the teleconsultation group had a higher level of wheelchair and
transfer skills.

Two of the eleven participants reported shoulder pain prior to wheelchair
use in the medical history component of the baseline questionnaire; five individuals
reported current shoulder pain (one of whom reported the shoulder pain prior to
wheelchair use). Neck pain and back pain prior to wheelchair use were each
reported on one out of eleven questionnaires; with current neck pain reported on
two and current back pain on six of the eleven questionnaires. By chance all of the
participants reporting pain prior to SCI were assigned to the teleconsultation group.
Four of the five participants reporting current shoulder pain on the medical
questionnaire were assigned to the clinic group. Both participants with current neck
pain were assigned to the clinic group and four out of six reporting current back

pain were assigned to teleconsultation.
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Lost To Follow Up

All participants (n=11) completed the post intervention outcome measures.
Two subjects were lost to the longitudinal follow up. One subject (clinic) became
ill and was hospitalized; resolution of the hospitalization is not known. The
longitudinal data were for the purpose of examining the stability of any change post
intervention. Because the intervention was to the wheelchair (wheelchair
configuration change) data from an individual who spent a considerable amount of
time confined to bed would not reflect on the intervention. The second subject
(teleconsultation) lost to follow up did not respond to requests for the final packet.

Figure 6 shows the flow of participants from recruitment through analysis.
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Figure 5: Tracking Participants through the Study

Intervention

Delivery of the Intervention

The planned delivery of intervention for the clinic group was one long

single session appointment with an available follow up on the next day. One of the
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six participants in the clinic group required the second day appointment; in all other

cases the participants were seen one single session for duration of 1.75 to 3 hours.
The one second-day appointment (1.5 hours) was at the clinician’s judgment due to
extensive configuration changes. All participants were contacted by phone on the
day after configuration changes were completed to determine if a follow up was
needed and all declined stating they had no concerns with the changes to their
chairs in their home environments.

The planned delivery of intervention in the teleconsultation group was over
the course of three one-hour appointments (intake, intervention, fine-tuning). The
intake appointment followed enrollment and consent for those randomized to
teleconsultation and consisted of physical measurements of the lower extremity and
measurement of the current wheelchair configuration, and photo documentation of
current sitting posture. The intervention appointment was planned to be scheduled
prior to subject’s departure from the first appointment and was to be scheduled for
two weeks hence. The intake information was sent via inter-facility consultation to
the seating clinician, who then returned a completed consult with the instructions
for specified wheelchair configuration changes. Appointment number two
(intervention) was anticipated at one hour duration for the changes to the
wheelchair; in all cases the duration of this appointment was in excess of one hour.
At the completion of this appointment the plan was for the site investigator to send

a progress report and photo documentation of outcome to the PI. The third
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appointment, intended to be scheduled one week hence, was for the purpose of

fine-tuning the wheelchair changes based on the seating clinician’s evaluation of
the outcome photographs. In all cases of teleconsultation the instructions after the
first intervention appointment were more than fine-tuning. They were instead
corrections of misapplied changes. The deviations were recognized upon
inspection of the post intervention photograph. Teleconsultation appointments at
Site 2 required 4 appointments in 2 of the 3 participants. Teleconsultation
appointments at Site 1 exceeded 5 appointments in all cases. One subject from this
site withdrew due to excessive time demands (he had yet to receive any
intervention by his third visit because of equipment confusioﬁ). The limitations and
obstacles for teleconsultation delivery of this intervention will.be discussed in
depth in a later section.
Configuration Changes

The intervention in this study was postural change; wheelchair
configuration modification to improve the orthotic postural support provided by the
wheelchair was the mechanism of obtaining this intervention in a population with
truncal paralysis secondary to SCIL.

The participants all had unique combinations of wheelchair, cushion and
backrests (Table 3). All of the wheelchairs used by subjects in this study were
classified as Ultralight manual wheelchair (Medicare KOO05) except one, the

Invacare 9000, and this wheelchair was replaced with a KOOO5 wheelchair at the
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completion of the study. Six of the eleven wheelchairs were manufactured out of

titanium. Six of the wheelchairs were rigid frame wheelchairs with customization

of the features.

Table 3: Presenting Equipment Combinations of The Subjects

Wheelchair Cushion Backrest
Invacare 9000 Latex Foam Upholstery

Tilite X Roho High Profile Jay2

Quickie DT Roho Low Profile Upholstery
Invacare A4 Jay2 Jay2

Quickie Ti Roho High Profile Varilite Fast Bax
Quickie Ti Roho High Profile Jetstream

Tilite SX Varilite Solo Adjustable Upholstery
Hall Halimark Stimulite Jay Extreme
Quickie 2 Jay Extreme Upholstery
Topend Terminator Ti Roho High Profile Upholstery

Tilite SX Roho High Profile Upholstery

All of the cushions used by the participants in this study are marketed as
appropriate for high skin risk with the exception of the Jay Extreme, which is
marketed as appropriate for moderate skin risk, and the foam cushion that is not
appropriate for this population (this cushion was replaced prior to baseline at onset
of study). Three of the eleven cushions are also marketed as pelvic positioning
products. Five of the eleven participants had after market backrests on their
wheelchairs. All are marketed as improving postural support and all but the Jet
Stream offer angle adjustability.

The seat slopes prior to intervention ranged from a minimum of .06 to a

maximum of .39 and a mean slope of .12. Seat slope is the ratio of the difference
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between the front and rear seat to floor height divided by the seat depth. The

participant with a slope of .39 was in a custom fixed-frame wheelchair and there
was no ability to adjust the slope within the constraints of this study. When
eliminating his data the range was .06 to .25 with a mean of .10. An important
component of the seating intervention was a change in the seat slope. The mean
increase in slope after intervention (n=11) was .06 (95% confidence interval .027 to
.101) which was statistically significant at p=.003.

Changes to the backrest configuration were also a component of the
intervention. In all cases where the backrest angle was changed (n=9), the change
was to close the angle (bring the backrest canes more forward, out of recline). One
subject included in the analysis (intent to treat) participated in data collection but
refused any wheelchair configuration changes. Another subject had a fixed-frame
wheelchair, which would not allow backrest angle changes.

These wheelchair configuration changes resulted in an overall decrease in
the inside seat-to-back angle. The components of this change are the backrest
position and the slope of the seat plane. The mean change in composite inside seat-
to-back angle was a decrease of 3.4 degrees, which was statistically significant at
p=.001 (95% confidence interval 1.85 to 4.87). Figure 6 illustrates the change in

wheelchair configuration.
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Figure 6: Relative Chair Configuration
Schematics are based on the mean slopes and mean backrest angles before and after
intervention.

Additional backrest changes included change to equipment and height. No
after market backrest was removed, in one case a Jay 2 backrest was installed to
replace upholstery, and in two cases adjustable tension upholstery was installed to
replace standard upholstery. The change in backrest height was usually to lower the
height; this was done in 5 of the 10 individuals accepting intervention. Each of
these subjects was using upholstered wheelchair backrests and the average amount
of decreased height was 1.4 inches. In two cases, both with after market backrests,
the height of the backrest was raised, this was done to appropriately align the

contours of the after market backrests to the anatomical curves of the user. In the

other three cases the backrest height was not changed.



=175 -
Footrest height was infrequently changed. Footrest height was raised in 2

subjects and lowered in one. No changes were made to seat width or depth or
footrest drop angle.
Results and Discussion Of Specific Aim #1
Specific aim #1: Determine if improved outcomes, including a reduction in
musculoskeletal pain, will occur following improved posture in persons with SCI who
use manual wheelchairs full-time.
Specific objectives of pre and post intervention assessment tested the following
hypotheses.
Hypothesis #1 Wheelchair configuration changes will change seated postural
alignment.
Hypothesis #2: Health outcome measures will improve after postural change.
Objectives:
1. Determine the change in seated height measurement as an indicator of postural
alignment.
2. Determine the change in self-reported pain on two Visual Analog Scales and
Pain schematic.
3. Determine the change in self-reported functional impact of pain on a Pain
Interference Visual Analog Scale and the Wheelchair User’s Shoulder Pain

Index.
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4. Determine the change in self-reported posture on the Postural Scale for

Wheelchair Users.
5. Determine the change in self-reported scores on the Satisfaction With Life
Scale.
Post Intervention Results
Table 4 summarizes the results of the proximal outcome measure.

Table 4: Paired T test results for the Proximal Outcome Measure

Proximal Qutcome Mean Std P 95% Confidence
change | Dev value interval

Seated Height +1.01 1.32 0.03* 0.13 1.9
(inches)

*significant at p=.05

Change in Postural Alignment

The proximal outcome measure of Seated Height was used to assess change
in seated postural alignment. The post intervention increase of 1.01 inches in
Seated Height was statistically significant (p=. 03; 95% confidence interval of .13
and 1.9). The first hypothesis of the study which reads: wheelchair configuration
changes will change seated postural alignment, was therefore supported.

Health Qutcomes

Psychometrics. All of the instruments used for distal outcome measures

showed good internal consistency in this sample. The Cronbach’s alpha values for

each scale are listed in Table 5.
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Table 5: Psychometrics of Instruments

Scale Cronbach’s
Alpha

Wheelchair Users Shoulder | 0.95

Pain Index

Posture Scale for 0.80

Wheelchair Users

Satisfaction with Life Scale 0.81

The second hypothesis of this study which reads, health outcome measures
will improve after postural change, was tested by analysis of the distal outcome
measures. The distal health outcomes were measured by self-report questionnaires.
The original data analysis plan was to compare baseline (T1) and a second baseline
measurement (T2) for stability of the scales and examine the difference between
change scores at T2 and change scores after the intervention (T3). However, a
number of subjects neglected to complete the T2 outcome measures due to site
investigator error. Therefore, in light of the small sample size, comparisons were
made between scores at T1 and scores at T3. These data points represent baseline
and two weeks post intervention. Table 6 presents the results for the paired t test of
the outcome measures comparing baseline and post intervention measures (n=11).

The second hypothesis is partially supported by these results.
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Table 6: Paired T test results for the Distal Outcome Measures

Distal Outcomes Mean Std P 95% Confidence
change | Dev value | interval

Wheelchair Users Shoulder Pain Index - 9.61 12.2 0.03* -18.34 | -0.87

(WUSPI)

Pain Intensity worst -1.18 1.69 0.04~ -1.18 -2.31
current +0.58 1.83 0.32

Pain Interference - 0.83 2.77 0.34

Posture Scale for Wheelchair Users (PSWU) -1.91 6.46 0.35

* Significant at p=0.05
For the distal outcome measures declining scale score is indicative of improvement

Wheelchair Users Shoulder Pain Index (WUSPI). One subject was excluded

from analysis on this instrument because there were notations on his form that
indicated he was answering pertaining to groin pain. The internal consistency of the
scale in this sample was good with a Cronbach’s alpha of 0.95. The range of scores
at baseline was between 0 and 62.6 and the range after intervention was between
1.35 and 30.5 on a scale that ranges from 0-150 points. The direction of change was
favorable (decreasing total scale score) with the mean change of -9.6 points. The
mean change was statistically significant (p=.03) with a 95% confidence interval of
-18.34 and -0.87.

Pain VAS. The VAS for Pain was used to score the current pain and the
worse pain in the last three days. The range of scores for Worst Pain Intensity at
baseline was between 1.0 and 9.7, and the range after intervention was between 0.2
and 9.2 on a scale that ranges from 0-10 points. Worst Pain intensity scores
decreased after intervention with the mean change of - 1.18 points. The mean
change was statistically significant (p=.04) with a 95% confidence interval of —2.31

and —0.04.
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The range of scores for Current Pain Intensity at baseline was between O

and 6.8 and the range after intervention was between 0 and 7.9 on a scale that
ranges from 0-10 points. Mean Current Pain Intensity scores were unchanged after
intervention (p=.32).

Pain Interference. A VAS was used to measure Pain Interference. Subjects

were asked to indicate how much any pain above their level of spinal cord injury
had interfered in their ability to perform usual activities in the past week. The range
of scores for Pain Interference at baseline was between 0 and 9.5 and the range
after intervention was between 0 and 5.3 on a scale that ranges from 0-10 points.
Mean Pain Interference scorés did not change after intervention (p=.34).

Posture Scale for Wheelchair Users (PSWU). The internal consistency of
the scale in this sample was adequate with a Cronbach’s alpha of 0.8. The range of
scores on the PSWU at baseline was between 9 and 33 (21) and the range after
intervention was between 6 and 33 (19) on a scale that ranges from 0-48 points.
Mean PSWU scores did not change after intervention (p=.35). The PSWU is a
multi-dimensional scale and the subscale changes will be examined in the
discussion.

Correlation. None of the change scores on the distal outcome measures
correlated significantly with the change in SH. Relationship trends were seen

between the change in SH and change in the total scale score on the PSWU as well



-80 -
as between the change in Pain Interference and the change in seat-to-back angle (an

indication of the amount of intervention).

Longitudinal Results

The longitudinal results were collected by self-report questionnaires (T4)
mailed to the participants at 3 months post completion of the intervention and
retﬁrned by mail in a postage paid addressed envelope. Reminder calls were made
as necessary. The average time between mailing out T4 packets and the receipt of
the completed packet was 3.5 weeks; the quickest turn around was in one week and
the slowest at 6 weeks. The longitudinal data therefore reflects, on average, nearly
4 months post intervention.

One individual was lost to longitudinal follow up due to hospitalization; a
second did not return the T4 packet after reminders by mail and telephone. For
longitudinal analysis n=9 unless otherwise noted. Table 7 summarizes the

longitudinal results for planned comparisons.

Table 7: Paired T test results for comparison of T3 and T4 (3-month follow up)

Outcome measure Mean Std P 95% Confidence
change Dev value interval

Wheelchair Users Shoulder Pain Index 8.66 8.14 0.01~ 24 14.9

(WUSPI)

Pain Intensity worst 1.12 1.34 0.05* 0.0 2.24
current 0.35 2.20 0.67

Pain Interference 1.47 2.33 0.09

Posture Scale for Wheelchair Users (PSWU) 0.11 5.37 0.95

Satisfaction with Life Scale (SWLS) -1.89 7.64 0.48

* Significant at p=0.05
On all outcome measures the higher the total scale score the more of a problem, with the exception of the SWLS
where a higher score reflects higher satisfaction with life.
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Wheelchair Users Shoulder Pain Index (WUSPI). The range of scores after

intervention was between 1.35 and 30.5 and the range at follow up was between
0.45 and 43.2 on ascale that ranges from 0-150 points. The direction of change was
toward baseline (increasing total scale score reflecting increased pain) with the
mean change of 8.7 points. The mean change was statistically significant (p=. 01)
with a 95% confidence interval of 2.4 and 14.9. The scores at follow up were not
statistically significant from baseline scores.

Pain VAS. In addition to the two subjects lost to follow up a third indicated
pain sites on the locator schematic but gave no value for intensity and hence the
longitudinal analysis for the Pain VAS are with a sample of 8.

The range of scores for Worst Pain Intensity after intervention was between
0.2 and 9.2 and the range at follow up was between 1 and 10, on a scale that ranges
from 0-10 points. Worst Pain intensity scores increased at follow up with the mean
change of 1.1 points. The mean change was statistically significant (p=.05) with a
95% confidence interval of .001 to 2.24. The scores at follow up were not
statistically significant from baseline scores.

The range of scores for Current Pain Intensity after intervention was
between 0 and 7.9 and the range at follow up was between 0 and 5, on a scale that
ranges from 0-10 points. The mean Current Pain Intensity scores were not

significantly different at follow up (p=.67).
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Pain Interference. The range of scores for Pain Interference after

intervention was between 0 and 5.3 and the range at follow up was between 0 and
9, on a scale that ranges from 0-10 points. The mean Pain Interference scores were
not significantly different at follow up (p=.09).

Posture Scale for Wheelchair Users (PSWU). Th¢ range of scores on the
PSWU after intervention was between 6 and 33 and the range at follow up was
- between 1 and 32, on a scale that ranges from 0-48 points. The mean PSWU score
were not significantly different at follow up (p=.90).

Satisfaction With Life Scale (SWLS). The Satisfaction with Life Scale was

used as a measure of Quality of Life (QOL). This measure was assessed at baseline
and at th‘e long-term follow up T4. The internal consistency of the scale in this
sample was adequate with a Cronbach’s alpha of 0.81. The range of scores on this
scale at baseline was between 15 and 34; the range of scores at follow up was
between 10 and 32. This scale is a Likert agreement scale with possible scale totals
ranging from 5 to 35. A higher score reflects a higher satisfaction with life. Mean
SWLS score were not significantly different after intervention (p=.48).

Qualitative Data

Qualitative data were solicited in an unstructured “comments” page,
included in each of the follow up questionnaire packets. The instructions were *“feel
free to provide any comments on the process, or your outcome, which you think

may not be covered in the questionnaires or is something you particularly want the
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investigators to know”. Additionally, the subjects had the cell phone number of the

PI and had been encouraged to contact her with any questions or concerns
throughout the duration of the study. All qualitative data were received
immediately post intervention in the T3 packet or by phone in the month after
intervention. There were no negative comments regarding the chair adjustments,
however, the individual who declined intervention (204) offered some insight into
what he considered a negative feature of the suggested change. The transcribed
comments are below with an indication if the information was received by phone.
Post intervention unstructured comments.

102 (teleconsultation)

“I feel very stable now, not wobbly in the top like I used to. I definitely like the
changes. My chest is back more, my torso more upright. I am not slouching as
much, it has improved my posture considerably.” (phone)

“I really appreciate your doing this study aﬁd making it nationwide, giving us an
opportunity. It is like sex, the best you know is the best you’ve had. We didn’t
know how to change things.” (phone message)

“....my new position has changed the way I sit and push with my arms and I can

push farther without my shoulders aching.”

104 (clinic)

“T am less fatigued, more comfortable, overall better. Wow!” (phone message)
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“I have had many benefits since August 10™, T feel much more comfortable now

when I push my chairs. It seems easier to push and with less effort than it did

before you adjusted my chairs on the 10™.”

107 (clinic)

“I never knew that comfortable and being in a wheelchair were compatible. I just
assumed they weren’t. It is like being reborn.” (phone message) *this subject
injured for 29yrs

“I believe the wheelchair adjustments made an improvement on my sitting

style/posture. I believe this has and will further improve my quality of life.”

201 (clinic)

“I like everything, it is much more comfortable, transfers are no problem. I do have

more difficulty with push ups but I can get used to it.”

204 (teleconsultation-declined intervention)

“T am too old to have my legs higher in front.”

205 (teleconsultation)

“The adjustments that--- made to my chair has been very helpful.”
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206 (clinic)

“The adjustments that you made to my T-Lite chair has improved my posture,
especially when sitting at my computer. I don’t lean on my elbows as much as 1

used to.”

Discussion

The enthusiastic reports in the subjective comments suggest a clinical
meaningfulness that was not appreciated in all of the outcome measures. It may be
that the benefits of seating are so individualistic that it is difficult for a standardized
measure to be sensitive enough to capture the change. It is important that the
proximal measure of SH was found to be statistically significant as this is the
measure of the actual postural change. For there to be any value in analysis of the
distal outcome measures it was first necessary to have an intervention effect.

The research question was: To what extent does postural improvement
matter to the health and well being of the subjects? The post-intervention results
were promising with significant changes to both worst pain intensity and the
functional cost of pain as measured by the WUSPI. The explanation of the results
on the other outcomes may be a measurement issue compounded by a lack of
power. The study was powered to show statistical change on the proximal outcome
measure of SH. The investigator had pilot study data to show a large effect size of

the intervention as measured by SH. The investigator also had separate pilot study
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data to support the use of the PSWU in a postural impact study. The PSWU was

developed by the investigator and appeared to have good sensitivity to postural
change when pilot tested with a clinical sample. While the other instruments have
been used in the SCI population, there was no indication of their sensitivity to
change attributable to the study intervention.

The instruments for the outcome measures were selected in hopes of
capturing a spectrum of potential effects of the postural intervention while
imposing a minimal subject burden. The WUSPI and the SWLS are two scales that
have been frequently used in the SCI population; therefore the potential for
comparison to other interventional impact was a consideration in selecting these
instruments. Pain VAS is used clinically and is a common research measurement
for pain intensity. The construct of pain interference has been tested using a single
item from the SF-36 and in this study a single item pain interference measure was
used to capture this construct. Although the instruments were selected intentionally
for this study, in hindsight they may have been less than ideal for measuring the
effect of this intervention.

Posture

The Posture Scale for Wheelchair Users was designed as a scale to measure
the subjective perception of postural problems. In this convenience sample, not
specifically recruited for postural problems, (recruitment was for musculoskeletal

pain and or discomfort in wheelchair) it is possible that the questions on the scale
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and the enrollment in a posture study heightened the participants’ attention to

postural concerns thereby biasing their future answers on the scale. Floor effect is
also at issue. The PSWU was designed as an outcome measure and a clinical
screening tool for the need for seating referral. The suggested cut points for seating
referral are a total scale score greater than or equal to 50% of the total possible (24)
or any subscale score greater than or equal to 75% of the subscale possible (9). The
subjects in this study generally had low baseline scores on the scale. Using the
recommended clinical referral points, only 5 of the originally enrolled 13 subjects
qualified for referral. One of these subjects withdrew from the study; in the four
subjects remaining who met threshold, the mean was 29.5 at baseline and 22.25
after intervention. The seven and a quarter-point difference did not reach statistical
significance in the small sample but may be clinically meaningful. Two of these
four subjects dropped below referral threshold after intervention. It is possible that
the sensitivity of the PSWU is such that it will only pick up changes in a clinical
population. In other words, if the subject does not meet threshold for a clinical
referral for seating intervention at baseline, the scale is not sensitive enough to pick
up a change. Figure 7 shows the difference between the entire sample and those

who met clinical referral threshold.
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PSWU Trends

1—-0— all subjects n=11
—i— referral cases n=4

total scale score mean

\ baseline post intervention

change with intervention

Figure 7: Change in PSWU Scale Scores after Intervention
The comparison is between all the subjects and those cases whose baseline scores
on this scale indicated referral for seating intervention.

Furthermore, the intervention may have disproportionately impacted the
different sub-scales. The PSWU was developed as a multi-dimensional scale with
sub scales for pain, personal aesthetics, health and function. When looking at the
subscale changes after intervention it is interesting to note that only personal
aesthetics went up (more of a problem) after intervention (Figure 8). In the four
clinical referral cases all subscale scores improved but personal aesthetics showed
very little change (Figure 9). It is possible that enrollment and participation in a
study that directed attention to seated posture increased the subjects’ awareness and
concern about their personal appearance. The changes in sub-scales scores post-

intervention did not show statistical significance.
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PSWU Subscale Changes
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Figure 8: PSWU Subscale Changes after Intervention for the Entire Sample
The subscale of aesthetic shows a worse score after intervention with all other
subscales improving.

PSWU Subscale Changes for Referral Cases
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Figure 9: PSWU Subscale Changes for Referral Cases

These cases represent those with baseline scores on this scale indicating referral for
seating intervention. In this group all subscales show improvement after
intervention, the least change is in the subscale aesthetic.
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The single items of the scale were inspected for the area of most impact of

the intervention. Acknowledging the multiple comparisons on the data from this
small sample, there did appear to be one single item that did show statistically
significant change after intervention. Item number 11, which reads “My chair is
not supportive enough”, showed significant improvement in the study sample
(mean change of 0.45, 95% confidence: 0.10-0.81, p=. 01). This change showed
stability at T4.
Pain

The other four distal outcome indices that were measured post-intervention
and again at the longitudinal point, pertained to pain and were therefore extremely
susceptible to confounders during the follow up period. Participants were instructed
to not change their wheelchair, cushion or backrest configuration for the duration of
the follow-up without alerting the researcher. They were also asked to report any
medication changes; none were reported. In the four months between intervention
and follow-up there were many factors of life left uncontrolled. All of the pain
outcome measures were susceptible to influences outside of the impact of the
intervention. For instance, one subject wrote a letter in his T4 packet explaining
that he was “sorry about the increased pain” and said he “knows he is sitting better”
but his power assist wheels were broken and had been for the months prior to his
completing the T4 packet. Power assist wheels are motorized propulsion of the

wheelchair actuated by the hand-rims. Without the power assist the individual’s roll
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resistance was significantly increased, and due to his habitual use of power assist

wheels, his fitness and endurance for propulsion without the assist were severely
compromised. This situation would directly and negatively influence his scores on
the Pain VAS for current and worse pain, pain interference measure and the
Wheelchair Users Shoulder Pain Index. Another participant suffered a specific
traumatic back injury with a known mechanism. The back injury was not related to
the change in wheelchair configuration but significantly and negatively influenced
his scores for current and worst pain and pain interference.

With intent to treat analysis the data of both of these subjects are maintained
in the longitudinal analysis. Additionally, two other subjects who were essentially
controls are also included in the analysis. One subject had a wheelchair that was
very customized and fixed frame and could allow only the most minor adjustment.
The other individual explicitly declined intervention and received none. Figure 10
shows the total scale scores of this single subject over the course of the study. The
most variability is in the performance corrected WUSPI; however baseline and
longitudinal scores are essentially the same. All of the other measures were fairly

stable with pain VAS scales and SWLS showing slight worsening.
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Single Subject Control
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Figure 10: Single Subject Control
Stability of the scales in the single subject who did not receive intervention.

Pain VAS. The Pain VAS measures may have also had some problems with
clarity. The pain interference measure specifically asked the respondent to report
how much “any pain above the level of your spinal cord injury interfered”, but
neither the current nor the worst pain intensity lines restricted the pain to above the
level of SCI. Because many of the participants indicated pain sites on the pain
locator schematic that were below the level of injury it is difficult to be certdin that
the pain interference was actually restricted to above injury sources. The
intervention in this study was designed to address musculoskeletal pain from a
postural source or upper limb musculoskeletél pain due to poor biomechanics in the
upper limb. Neurogenic pain, which is the most likely type of pain identified below
the level of SCI, would not be addressed with this intervention.

WUSPL This measure showed significant improvement immediately post

intervention with a significant return toward baseline at the longitudinal
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measurement. The Wheelchair User’s Shoulder Pain Index is a one-dimensional

scale, which reflects the functional cost of shoulder pain. The scale has a range
from 0-150. The baseline range of scores in this sample was from O to 62, which
means the entire sample’s scores were in the lower 40% of the scale. This lack of
heterogeneity may have affected the sensitivity of the scale. After intervention the
range of scores was between 1.35 and 30.5. Therefore all scores were in the bottom
20% of the scale. The T4 movement toward baseline was statistically significant
but the mean scores ranged between 0.45 and 43, therefore still in the bottom 28%
of the scale. This change was statistically significant but may not be clinically
meaningful. Because many of the baseline and post intervention scores were at the
bottom of the scale they would have a tendency to increase due to regression
toward the mean.

The scale has 15-items on which the subject rates his shoulder pain while
performing the cued task. Table 8 provides the cues for each of the items that
showed the highest scores in this study sample. Prior work by the PI had found that
the most common shoulder complaint was with overhead reaching activity (Young
et al., 1995) and this is supported by item 07 of the WUSPI being amongst the

highest mean scores.
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Table 8; Items from the WUSPI

Item cue Baseline Mean
03: transferring from a wheelchair to a tub or shower 2.9
04: loading your wheelchair into a car 2.5
07: lifting objects down from an overhead shelf , 2.2
05: pushing your chair for 10 minutes. 2.0

The intervention in this study was postural change and would be
theoretically expected to directly impact the last two items. After intervention the
mean score for item 07 decreased to 1.5 and the mean score for item 05 decreased
to 1.05. Neither single item change was found to be statistically significant, but
may reflect the clinical meaningfulness reported in the qualitative comments. Item
05 showed a trend toward significance at p=.06.

Pain Location. Subjects indicated the location of their pain on a schematic.
Figure 11 shows the schematic upon which the pain locations were indicated, the
location codes were added for analysis. Subjects could indicate multiple locations
for pain. At baseline two subjects indicated no current pain and no subjects
indicated specific shoulder pain. The majority of the pain sites indicated were
located in the axial trunk with indication at the neck, upper thoracic, lower thoracic
and lumbar regions (sites 1, 3, 5 and 6) reflecting 83% of the pain sites indicated.
At T3, after intervention, 63% of the reported pain was located in the axial trunk
with no sites indicated in the neck. One subject, who declined intervention,

reported new pain in bilateral shoulders at T3. At the longitudinal assessment 38%
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of the reported pain was located in the axial trunk, with two subjects reporting no

current pain.

Figure 11: Pain Locator Schematic with Overlay of Coding

The high prevalence of the postural pain at baseline and the decline in
postural pain after intervention supports the PI’s theorized mechanism of
musculoskeletal pain in this population. The discrepancy between pain location
when specifically asked to indicate the site of pain and the scores on the “shoulder
pain” index also supports the PI’s hypothesis that postural pain can be
misrepresented as shoulder pain. Many subjects who indicated no sites of pain in the
areas coded 2 and 4 on the schematic scored the items of the WUSPI indicating
shoulder pain with activity. Although pain may manifest in activities tested on the

WUSPI and may even be perceived in the shoulders, if the cause is postural
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malalignment any treatment directed specifically to the shoulder will not be

successful.

Quality of Life

In this study there was no significant change found in the measure of QOL
after intervention. Post and Noreau (2005) suggest that there are three main
approaches to looking at QOL which include: Health-related quality of life, well-
being and QOL as a superordinate construct. Diener’s Satisifaction with Life Scale
(SWLS) is designed to measure global cognitive judgments about one’s life. It is a
subjective well-being scale. It was selected, in part, because it does not bias
negatively for individuals with physical disability. However, because it is not a
health related quality of life tool it may be less sensitive to change after a clinical
intervention directed at impairment.

Results and Discussion Of Specific Aim #2

Specific Aim #2: Evaluate the feasibility and effectiveness of providing seating
intervention through teleconsultation.
Hypothesis #3: Successful seating interventions are possible via a distance
medicine model.
Objective:

1. Determine the feasibility of using the inter-facility consultation feature of

the computerized medical record of the VA HealthCare system as a secure

data transmission of photographic and textual documentation for ‘store and
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forward’ teleconsultation provision of an effective postural seating

intervention.
Process

The inter-facility consultation, which was the basis of the teleconsultation
delivery of the seating intervention, required the development of templates that
were imported into the Medical Record, the Computerized Patient Record System
(CPRS). The templates were developed by the PI with assistance of the Clinical
Applications Coordinator (CAC) at the Puget Sound VA. The CAC is a licensed
physical therapist and expert in the clinical capabilities of the CPRS. The CAC also
facilitated the actual activation of the inter-facility consultation links and then
electronically delivered the templates to the corresponding sites CAC. In addition
to the consult and note templates for medical record text, it was also necessary to
set up a virtual ‘clinic’ at the Puget Sound VA, which accepted the consultations
from distant sites. The study PI was established as the sole clinician with access
and rights to this clinic (SCI Seating Intervention) and was the only clinician who
would receive view alerts when the clinic received a consult. A designated consult
note title was created for use in the CPRS, again this note title was restricted to use
only by the study PI. At each of the study sites similar virtual clinics were
established to allow a non-count research activity, to differentiate from billable

service, while using the CPRS for the inter-facility exchange of patient information.
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Separate note titles were not created at the sites and the progress notes were filed

under the title routinely used by each clinician.

To initiate the inter-facility consult, the site investigator would use the
menu in CPRS for inter-facility consultation. The SCI Seating Intervention consult
title would appear as an option and once selected a template would open. Figure 12

shows the template for the seating consultation.

&) Template: SEATING INTERVENTION INTERFACILITY (SEA)

Jelick bo view disgrass

Figure 12: Seating Intervention Inter-facility Consult Template
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Before any data would be entered into the template, a pop-up box opened

reminding the site investigator to take photographs of the subject with instruction
on the features of the requested photographs. The information required in this
template was acquired during the intake appointment for the study. Imbedded in the
template were two web links for explanatory schematics (Figures 13 and 14) to aid
in the understanding of the requested information. In actual practice, the site
investigators had printed hard copies of the pop-up box and the schematics, so that
they could have the instructions during the intake appointment. Then the intake
assessment was transcribed to the computer template after the appointment was
completed. After completing the inter-facility consult, the sife investigator then had
to create a progress note in the local chart and attach the photographs to this note

through the image capture software.
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‘Wheelchair Measurement chart for
SEATING INTERVENTION INTERFACILITY (SEA) consult request

43 —P»
A
E
A-Seat depth:
B-Seat width:
C-Backrest height:
D-Footrest length:

E-Front seat to floor height:
F-Rear seat to floor height:
G-Inside angle seat to back:

H-Seat to footrest angle:

Figure 13: Explanatory Schematic for Wheelchair Measures
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Client Measure Schematics for
SEATING INTERVENTION INTERFACILITY (SEA) consult request

Hamstring length: hip at 90 degrees, passively move lower leg into extension. Measure inside
thigh to lower leg angle with first resistance.

Thigh Length. With hip at 90 degrees measure the vertical distance between mat and posterior
tendons in the popliteal space.

L

4

Figure 14: Explanatory Schematic for Subject Measures

The PI, upon receiving a view alert for a new consult, would open the
consult in the Puget Sound CPRS. The completed template would appear in a free
form text. To supplement the information in the consult text, the PI then accessed
the site CPRS via remote access to view the photographs. After analysis of the
subject’s information the PI would make the recommendations for wheelchair

configuration changes using the Seating Intervention Consult Report template



(Figure 15). The site investigators then used the progress report template to
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document the intervention appointment (Figure 16).

£ 5oy
pLEte angla *

Figure 15: Seating Intervention Consult Report Template
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Figure 16: Seating Intervention Progress Report Template

Results

In the entire sample there was a statistically significant treatment effect with

an improvement in sagittal plane posture as measured by Seated Height. Sub-group

analysis comparing the two types of delivery showed some differences in the

treatment effect on Seated Height. The mean increase in the teleconsultation group

(n=5) was .62 inches (p=.27), whereas the mean increase in the clinic (n=6) group

was 1.35 inches (p=.08). The difference between the amounts of change effected

by the intervention in the different delivery forms was not statistically significant

but may be clinically meaningful. When evaluated for statistical significance in the

sub-group alone, neither mean change reaches statistical significance, which is

most likely a function of the small sample size. Subjective comments from the
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participants who were involved in the teleconsultation group supports that there

was benefit from the intervention delivered via the teleconsultation mode.

The third hypothesis of the study which reads: successful seating interventions
are possible via a distance medicine model, is supported by the results of this
preliminary study. However, the sample was small and it is important to note that
of the six individuals randomly assigned to the teleconsultation group one declined
intervention and one withdrew without receiving intervention. In the clinic group,
one subject withdrew after randomization but before he began any of the
intervention procedures. It is possible that the use of an intermediary between the
specialist and the participant created a lack of ‘buy in’, or confidence, in the
recommended changes.

Time and efficiency are also an issue in delivery of seating via teleconsultation.
In this study, the time commitment of the teleconsultation participants was in all
cases greater than the longest time commitment of the clinic participants.
Teleconsultation requires the exchange of patient information between the site
clinician and the seating specialist; for this study there were planned intervals of
time between information exchange and subject appointments. The intent of the
planned intervals was to insure that the appropriate equipment was in place, and the
site investigator understood the planned equipment modifications thereby allowing

an efficient use of the appointment time.
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Lack of familiarity with the equipment was a problem for the site

investigators. Training was provided prior to the enrollment of subjects and this
training was intended to describe and demonstrate the most common equipment
changes and any unusual components that may be dealt with. A training manual
with pictures of the components and written explanations of the potential changes
was also provided. However, the training was distal to the actual clinical
application of the knowledge and due to a lack of familiarity and practice with the
equipment; it was insufficient to allow the site investigators to feel confident in the
delivery of the interventions. Therefore more communication was required than
originally planned for in the study design. In most cases, in addition to the inter-
facility consult report (text instructions for the recommended intervention) there
was also one to two telephone calls or emails between the site investigator and the
seating specialist (PI) for clarification of the intervention. Even with this added
communication there were two cases where the PI was able to immediately detect a
mistake in the application of the intervention from the post-intervention
photographs which required correction (subjects would return for additional
appointments to rectify the equipment set up). In one case of a multi-component
adjustment, the site investigator and wheelchair technician were not able to make
one of the changes due to missing equipment. They elected to make only two of the
three changes, not understanding that the interaction of all three components was

required to make the intervention effective.
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Technology

Teleconsultation is beset with problems that are created by the same
technology that makes it possible. The ever-advancing technologies of digital
communication and software interfaces are a challenge when attempting to create a
workable inter-facility communication.

For this feasibility study the PI elected to work in the VA health care
systems because this is a networked care system with an extensive computerized
medical recofd and the ability to remotely access medical records between facilities
within a secure system. The VA has an established system for remote access to the
computer network called VPN or Virtual Private Network. It is accessed through
broadband or a dial up modem with password-protected access. For this project,
remote access was needed for the PI to read and respond to inter-facility
consultations sent from any investigative site to the Puget Sound base of
teleconsultation. Meaning, if the PI was actually at Site 1, she could receive and
respond to the teleconsultation sent from Site 2 to Seattle.

Although the VA is a national health care system with oversight and budget
from a central office, there are a myriad of local facility interpretations of national
policy and guidelines. Each facility has its own intra-facility networked computer
system (Local Area Network or LAN). The local Information Resources
Management (IRM) technical support staff maintains the LAN. The local staff is in

charge of maintaining and trouble shooting both the software and the hardware at
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the local facility. Each local facility has a group of persons who are responsible for

the clinical applications of the computer technology. For example, all VA facilities
have an image capture capability in their computerized medical record by which
photographic, schematic or scanned images can be imported into the medical record
and linked to a chart note. However, local Automated Data Processing Application
Coordinator (ADPAC) controls which clinical staff have access to view the images
and who has the authority to import images. Clinical applications coordinators
(ACC) are responsible for developing appropriate clinical applications and training
staff. There are large variations across facilities in terms of who is authorized to use
this technology and how its use is implemented. Additionally, the skill and
technologic literacy of the ADPAC and ACC personnel differs widely across
facilities.

Furthermore, VA facilities are not all running the same versions of software
packages for clinical applications. Significant to this study, the image capture and
image display software were different across facilities as were the Computerized
Patient Record System (CPRS) software. Occasionally, there are national mandates
to upgrade to a particular version of software, with the intent to standardize
systems. The upgrade is now done online with an automatic download upon signing
into the network. Unfortunately, this is distributed through the local networks
requiring physical connection to the LAN for the system to upgrade. In this project

the PI went, overnight, from having a working system of remote access to all
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investigative sites’ computerized medical records, to not being able to access any of

the investigative sites’ computerized medical records. This included the Puget
Sound VA where the investigation was based. In order to be able to access the
Puget Sound medical records, the PI needed to first plug the laptop into the network
system (via hardwired cable on site) and then the automatic downloaded upgrade
occurred upon signing into the network with passwords. This upgrade would not
happen when signed on via VPN even with a call in to the IRB help desk; the
security of the remote access system blocked the upgrade from occurring and
blocked the help desk from being able to ‘manipulate’ the computer from afar.

After the laptop software upgraded so that the software on the laptop was
compatible with the server, the PI was able to access the Puget Sound CPRS.
However, the PI could still not access the Site 1 or Site 2 medical records, receiving
an error message that the “server and the client (laptop) are not running the same
version”, despite the fact that they were.

There were also issues of hardware and software incompatibility. The image
display software has additional issues in that if the program cannot recognize a
resolution it assumes it is insufficient and incompatible and will not allow images
to be viewed. The brand new Dell Inspiron 600m Lap Top purchased for this
project could not be used as the image software would not open and gave an error
message “the resolution is too low”. However the resolution of the laptop far

exceeded the parameters and could not be set as low as the standard for the
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software. An alternative VA owned laptop was acquired for use during the first

half of the study. Eventually this laptop was no longer available and the original
Dell was used after advisement that the firewall of the laptop was blocking the
access. This firewall had been installed by the ADPAC as a required feature for use
of remote access to CPRS. Once the security on the laptop was disabled the
programs would run. The instruction to disable the firewall was from an image
software specialist at the Puget Sound VA, but was not known by the ADPAC or
other IRM personnel who were consulted in attempts to establish the technology

platform for this study. Table 9 shows study down time due to computer issues.
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Table 9: Chronology of Technology Difficulties For Duration of Study

Date Issue

6/23 final access codes issued by Site 1 facility, this is one month after recruitment began

6/28 Pl lost all access including base Puget Sound remote access

7/5 regained remote access to Puget Sound medical record (continued no contact to
Sites)

7/12 remote access to Site medical records re-established but imaging software lost

7/13 image display re-instated

7/21 moved all connection software to new laptop due to hardware issues, imaging
interface problems recurred

7/22 all remote access and imaging is re-established

7/26 Site 2 investigator unable to find the inter-facility consultation templates

7/28 applications coordinator resolves problem, software had been sent but not activated

8/2 VISN 20 network VPN is down, unknown cause, unable to access site facilities via
secure network.

8/3 Remote access restored.

8/3 Site 2 investigator cannot import images from camera. He has software installed and
was trained by his coordinator and the Pl but cannot recall steps trained by his
coordinator. Due to delay in Site 2 start the image capture software had updated from
that used when P! did training. Site 2 has sent first teleconsult but there are no photo
images accompanying consult.

8/15 Image capture issues resolved in Site 2

9/2 Site 2 investigator cannot locate the progress note template and decides to use open
narrative note format rather than pursue locating/activating the template.

10/26 reviewing completed work- in the Site 2 medical record the second consult closure- the

PLAN does not appear even with display results

In the record for (202) a plan is in the Seattle record under consult tab, and note tab.
In Site 2 record there is only the first consult report that says photos received. On third
try requesting the results it showed up; not certain site clinician saw this information.

Technology is evolving and individual skills and task responsibility are

acquired by some personnel at such a pace that even their supervisors are not

completely aware of the abilities and coverage of their team. The conundrum of the

PI’s blocked access to remote records was further exacerbated by the fact that the

individual who had originally set up the lap top remote access was on vacation and
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apparently no one in the medical center was cross trained to cover in his absence.

Thus, the study had to stall until this individual’s return. This meant that
teleconsultation subjects at Site 1 were put on hold with second appointments
scheduled at 3-4 weeks post enrollment to allow for the PI to regain remote access
to the medical record.

The inter-facility consultation was set up so that a consult is originated at
the distant site, e.g. Site 1, and the text information about the subject is transmitted
on a consult template (developed for this project) for the PI ciinician to access
through the Puget Sound CPRS. However, integral to the interpretation of the
subject data was inspection of photographs of the subject seated in their wheelchair.
This key piece is what distinguishes this type of consultation from simply a text-
based case consult. The ‘tele’ component is the transmission of digital photographs
along with the text information for interpretation.

Because of a ‘programming issue’ it is not possible to attach images
(photographs) to a consult request or consult report. Images can only be attached to
local progress notes. Therefore, to gather all of the information to analyze the needs
of the subject the PI needed to access the Puget Sound CPRS and read the text
information, then separately access the local site CPRS (remotely via VPN) and
view the photographs. Then the PI returned to the Puget Sound CPRS to write the

consult report.
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This section began with the statement that there is a rapid evolution of

technology. Even during the duration of this study, a number of changes have been
made to the software systems of the VA medical records that have eliminated some
of the obstacles encountered during the study. First the image viewing software has
changed so that a clinician can remotely access any images collected at any VA
medical center once signed onto the patient’s medical record. Thus, the need to
access the local CPRS to view a local progress note with an attached image is no
longer an issue. Images are still not attached to a consult, so there is the need for
the site clinigian to create a separate note and attach the photograph. However,
upon receipt of the consult the seating clinician can import all images of the patient.
What Worked

A concern in setting up the inter-facility consultation was the potential time
delay from the time of consult initiation to the time of receipt by the PI due to the
need for the patient to be registered at the new facility. This was not found to be a
problem with consult alerts generated within 24 hours of consult initiation.

The intake template and the photographs provided adequate information for
the PI to determine the needs of the individual and create the prescriptive
intervention. More information would have increased the accuracy of the
prescriptions. For insfance, more photographs with more views of the individual
seated in their wheelchair would be an asset; in particular, a photograph of the back

of the individual. In addition more information on available adjustment in the
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wheelchair or prior alterations that have been made to the wheelchair would also

have been useful. For example: is the current backrest at its highest or lowest
available setting? This could be added to the text intake form and ascertained by the
site clinician with little additional training. The follow-up photographs were found
to be essential for determining the accuracy of the intervention.

What Did Not Work

Site clinicians need more than the information on the consult report. They
would benefit from a telephone conference after receiving the consult report and
prior to scheduling the patient to clarify any unfamiliar prescriptive changes.
Additionally, having the seating specialist on call and available during the
intervention would alleviate errors and delays in delivering a proper intervention.
Real-time ability to assess the follow-up photograph would be very helpful and
allow improved care to the veteran. This could be done with the site clinician
immediately importing the post intervention photographs into the CPRS and
alerting the specialist by phone or pager. The veteran could take a short break or
test ride of the wheelchair while the photographs were reviewed and then return for
final adjustment or confirmation of the correctness of the set up.

The current system of the images not attached to the text consult is a
problem that needs to be remedied for a working system of seating via
teleconsultation. This problem created the need to have access to the local medical

records and created much of the access and interface problems faced during this
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study. Although the advances in the image viewing software have solved part of the

problem there still is the problem of the additional work. The extra step needed to
create a separate medical record document to add the photographs resulted in delay
of the photographs being received by the seating specialist and in some cases
resulted in missing information.

In this project, 6 individuals were randomized to the teleconsultation arm of
the study. However, only 3 of those individuals received the designated
intervention as planned. One subject (Site 2) had a very small intervention offered
which he did not allow the site investigator to do (the prescribed plan was to do an
in clinic trial as the change was small and dependent on subjective feedback). This
same subject went home and independently administered the intervention
contacting the PI directly for follow up. This subject was included in the study
analysis because after speaking with the PI he returned to the site investigator for
additional follow up and he completed the study questionnaires. This scenario
suggests a lack of confidence in the site clinician. A second subject (also Site 2)
simply refused the intervention outright. A third subject who was randomized to
teleconsultation but did not receive the intervention (Site 1) reported becoming
frustrated by the delays and was also not convinced enough of the potential benefit
to continue once the equipment was obtained. In contrast, all subjects randomized

to the clinic group received interventions during the designated 3 hour
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appointment, only one required the allotted follow up appointment to complete the

intervention.

The simple interpretation of this project shows clear superiority of the clinic
delivery. However, the comparison is not the comparison that should be made
when thinking of the care distribution in the VA system. All participants were seen
at a Spoke Facility SCI clinic. This Spoke Facility was in the same or close
proximity to the participants’ residence. In the usual care scenario the specialty-
seating clinic for these veterans is at the SCI Center which is an average of 270
miles from the site cities. Therefore, when thinking about the convenience or
burden for the teleconsultation group the comparison should be made to receiving
similar care at their center. Once an individual is at the center all care would
typically be vreceived within the inpatient stay or outpatient lodging appointments.
The delay would be the time to gain an appointment. The burden would be the
travel to the center and time lost from their job or home.

Johnson and Eicher (2004) offer an economic framework for
teleconsultation which suggests that the following equation_ be used when
considering the benefits of teleconsultation:

B=AEaSp
B is the health benefit, A is the features of the disease or condition being treated, E
is the equipment required for the treatment, alpha is the weight of the importance of

the equipment for the treatment and S is the skill of the clinician with beta the
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weight of the importance of the skill. For the teleconsultation tested in this study

the differential for the skill of the clinicians (the on-site clinician and the seating
specialist) was very high. The importance of the skill is also high. Therefore, the
use of teleconsultation in this situation is predicted to have a high cost benefit. In a
system, such as the VA, with mandated care, the evaluation of benefit should be
done at both a system level and at a patient centered benefit.

Implications

This preliminary study supports the feasibility of teleconsultation for the
delivery of seating interventions. The secure transmission of subject related data
via the inter-facility consultation mechanism and image-viewing software was
adequate to support intervention prescription. As delineated above, several
improvements could be made to implement an efficient system. One consideration
1s how the use of a distant seating specialist would best serve the needs of the
veterans.

All participants recruited to this study who received the intervention
reported benefit from the intervention. Only half of the subjects could be
categorized as needing minor interventions, while the other half had intervention
specifications for multiple parameter changes. There may be an unmet need for
specialty consultation and/or training at the SCI center serving these veterans. It
may be possible that a teleconsultation between a seating expert and the clinicians

at the SCI center would better serve the system as a whole.
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Because there were issues with equipment familiarity and efficient

application of the prescribed intervention, it may be that teleconsultation could aid
the efficient delivery of seating intervention but in a different architecture. An
alternative to the structure of teleconsultation in this study would be for the intake
information in the inter-facility consultation to be used by a specialist to plan an
intervention and prescribe needed equipment for changes, which would be locally
acquired, and then the patient could be scheduled for a clinic date during which
fime the specialist is physically present to do the work. Sending a specialist to SCI
Spoke Facility clinic sites for scheduled interventions (flill day specialty clinics) on
a half yearly or quarterly basis would afford greater access than currently available

at SCI centers.



-118-
LIMITATIONS OF THE OVERALL STUDY

The most important limitation to this study, which threatens the ability to
attribute the changes seen to the intervention, is the lack of a control group. The
original design did have an extended baseline with a repeat of the outcome
measures after a period of no intervention. Unfortunately, this plan was foiled by
missing data. The study did have a single subject control, which was a
serendipitous occurrence when one participant declined the intervention but
participated in all of the outcome measurements across the time points. Plot profiles
of his data show that the outcome measures were fairly stable with a slight trend
towards getting worse with no intervention.

The within subject design uses the subjects as their own control so that
variations in baseline status are accounted for. The proximal measure was a
measure of immediate effect of the intervention and therefore can be more
assuredly attributed to the intervention. In the clinic group there was no separation
of time between the baseline photographs, the intervention, and the post
intervention photographs with all occurring within the same research session. The
teleconsultation group did have a variable amount of time after the baseline
photographs until the post intervention photographs were taken. However, all
photographs were taken after the same movement in and out of the wheelchair and

therefore have accounted for the potential for the effect of ‘settling’ into the seat.
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The size of the sample in this study is clearly a limitation. Eleven

participants completed the intervention and outcome measures with only nine
maintained through the follow-up. However, the homogeneity of the sample may
strengthen the clinical applicability for the specific population of spinal cord
injured men with motor complete paralysis between T1 and T10. The intervention
is intended to address postural support needs of persons with truncal paralysis and
all but one of the participants had SCI level between T4 and T7 indicating complete
paralysis of the abdominal wall. The remaining subject had a T10 level of injury
and therefore partial innervation.

Self-report questionnaires have inherent limitations. There may be
confusion or misinterpretation of the questions, or there may be a bias toward
positive response to please the investigator. In this study, the social desirability
influence should have been limited due to the lack of prior relationship between the
PI and the subjects. Inaccurate recall is also a potential issue. The questionnaires in
this study asked for a variety of recall durations ranging from current pain intensity
to asking for recall of pain history prior to SCI, which for one subject was 33 years.
The use of multiple pain indexes also may have biased the individuals to report
pain. There were instances where the demographic form (filled out first with
intake) reported no pain but then pain was reported on subsequent questionnaires.
A weakness in the study design was the plan to collect the outcome measures by

mail.
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CLINICAL IMPLICATIONS

The results of this study support the use of specific wheelchair
configurations to provide orthotic stabilization to the paralyzed trunk for
maintenance of sagittal plane posture. The fact that all presenting subjects had
identifiable mis-configuration of their wheelchairs suggests a knowledge void
among SCI clinicians and durable medical equipment providers.

Improved postural alignment was shown to improve health outcome
measures in the immediate period post intervention. The failure for this benefit to
be maintained over the long term may suggest a need for more frequent follow up
or monitoring of seated posture; postural support from the equipment may change
over time.

If wheelchair configuration is recognized as a means of supporting the
postural alignment of persons with SCI and can be incorporated into early
interventions, it may be possible to prevent the negative sequelae of the postural

deviations and promote improved health outcomes.
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FUTURE WORK

The PI theorized that there are two significant and inter-related
musculoskeletal pains experienced by individuals with SCI, postural pain and upper
limb mechanical pain, both of which are exacerbated by postural malalginment.
The results of this study support this theory. More work needs to be done on the
functional implications of the optimal postural position, specifically how improved
postural support will change the wheelchair propulsion ability.

In this study the population was limited to persons with complete truncal
paralysis but full innervation of their upper limbs. Due to the noted improvements
in the postural components of pain it would be interesting to look at the effects of
the postural intervention on individuals with high level tetraplegia who have no, or
very minimal, use of their upper limbs.

Future work in teleconsultation would want to include collection of data
that could be evaluated for the patient centered benefit. For instance, how much is it
worth to the patient to not have to travel for the service? Or what is the most
important reason to prefer to get care locally? Consideration for moving the
teleconsultation completely out of the clinical environment and into the home of
the wheelchair user may also be of interest. Such an infervention would require
addressing the means of secure transmission of the health information outside of a

computerized medical system.
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APPENDIX A: LETTERS OF COOPERATION

Southern Arizona VA Health Care System
3601 South 6th Avenue

Tucson , AZ 85723

Phone: (520) 792-1450

Date- '3\ San OF
To Whom it May Concern:

I have discussed the research project entitled Effectiveness of Wheelchair Configuration
Modification as a Means of Changing Outcome Measures for Pain, Perceived Posture and
Quality of Life in a Sample of Spinal Cord Injured Individuals who use Manual
Wheelchairs Full-time; Feasibility Study for Seating Intervention Delivered via
Teleconsultation and Comparison to Hands-on Intervention with Ms. Jennifer Hastings
and have agreed to be the site investigator. I understand the responsibilities for this
project and am willing and able to assume these responsibilities. I believe that this project
is of great merit and will benefit veterans who have a spinal cord injury.

Please contact me if you have any questions.

Dr monbitun N T 1_Site Investigator

I approve of this commitment.

‘// / L"‘ <y /fL i fiSemce Line Chief
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Carl T. Hayden VA Medical Center
650 E. Indian School Road

Phoenix , AZ 85012

Phone: (602} 277-5551

Date 3 -0 -05
To Whom it May Concern:

I have discussed the research project entitled Effectiveness of Wheelchair Configuration
Modification as a Means of Changing Outcome Measures for Pain, Perceived Posture and
Quality of Life in a Sample of Spinal Cord Injured Individuals who use Manual
Wheelchairs Full-time; Feasibility Study for Seating Intervention Delivered via
Teleconsultation and Comparison to Hands-on Intervention with Ms. Jennifer Hastings
and have agreed to be the site investigator. I understand the responsibilities for this
project and am willing and able to assume these responsibilities. I believe that this project
is of great merit and will benefit veterans who have a spinal cord injury. |

Please contact me if you have any questions.

Sincerely,

"'/S

ite Investigator

I approve of this commitment.

M Service Line Chief

ya
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APPENDIX B: INSTITUTIONAL REVIEW BOARD APPROVALS

UNIVERSITY OF WASHINGTON BOX FOR COMMITTEE USE ONLY
MASTER O mvesTinaToe [
Human Subjects Division
Office of Spousored Programs Box 355752 APPLICATION NO.
HUMAN SUBJECTS REVIEW COMMITTEE APPLICATION OS-5663%- O\

“Sead mine copies of this form (including owe copy with origins) isked signatures) and sine copies of all relevant materials
(consent forms, guestionnsires, instruments, drag nformstion smmmary, date colflection forms, debriefing statement,
advertisements, etc.) to the Human Subjects Division, Box 355752 Do not leave blanks. Am:hmeopyofuel ruuﬂ'.i
proposal, grant or comtract, and/or one copy of the protocol and investigator’s brochure for climical trials. Stud b
attach gpe copy of thesis or dissertution proposals. For information and axsistance, visit our web site at

-//depts. washingion. or call (206) $43-0098. We will net scoept handwrittes and/er incomplete forms. (Use 10
application.) The conteats of this application and attachments will be kept confidential

or larger
within the limits of the law.

L PRINCIPAL INVESTIGATOR (Previde aE the lnformation reg d. Correspond will be directed to this persos.
You may desiguate a contact perses other than yourself in section IL, below.)
Name Jennifer D. Hastings Title PT, PAC Position Dootoral Student

Department  RPaychosocial & Community Nealth Division School of Nursing
Mail box of sddress 5719 18> AV ME, Seattle WA 981085

Telephone 206 499 9704 Fax 206 522-1426 email bastijfu.washington.edu [ 9 3 2005

IL CONTACT PERSON (Provide all the information requested. This persos does NOT kave signstory awthority with | U\
regand to this application.) W

Noame Jennifer D. Hastings Title PT, PheC Position Doctoral Student

Mail box or address 5719 18 AV NE, Seattle, WA 98105

Telephone 206 499 9704 Fax 206 522-1426 e-mail hastijfu.washington.edun

L TITLE OF PROJECT: Effectiveness of postural intervention via manual wheelchair change, feasibility of
Teleconsuitation delivery

IV. SIGNATURES: The undersigned acknowledge that: 1, this application represents aa accurate and complete description
of the proposed research; 2. the research will be conducted in compliance with the recommendations of and enly afier
approval has been received from the Human Subjects Review Committee (HSRC). The principal investigater is respoasible
for reporting any serions adverse evewts ar problems to the HSRC, for requesting prior HSRC approval for modifications,
and for requesting continuing review sad approval.

A. Investigator: Jennifer D. Hastings PT, PhC WZ“ 0/
ATE“!(‘)

TYPED NAME PLUS SIGNATURE AU NED AN
B. Faculty sponsor (for stmdent): Karen Schepp PHD é/ /o 5
TYPED NAME PLUS SIGNATURE DATE

[ o8 mcw,m«mmmmmmmapwmh-nuwdhml

WM:WdMﬁ&MMMGZ
u—,mg e 2 /7«03

mmmrwssmm
Lor Do Shae iy uls/ss__ aprrove é»—msumovs @]
REVIEW COMMITTEE SIGNATURE DATE

Subject to the fllowing conditions: Sailnas (2B Apawds + gpproe A omsendt bowims
Sewon oot A2 S s O aoalable
_riod of spproval s one year, from____ (g Jos  through /1) e

T

*VALID ONLY AS LONG AS APPROVED FPROCEDURES ARE FOLLOWED*
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srtiment of Veterans Aftasts

REPORT OF SUBCOMMITTEE ON HUMAN STUDIES

TITLE: Effectiveness of Postural Intervention via Manual Wheelchair Change; Feasibility of
Teleconsultation Delivery

VAMC: VAPSHCS Principal Investigator: Donald J. Sherrard
Reviewing Institution: University of Washington ID Number: 05-5663-V 01  Review Date:
Human Subjects Division 3/16/2005
COMMITTEE FINDINGS:

1) The information given in the Informed Consent under the Description of Research by [X] YES
Investigator is complete, accurate, and understandable to a research subject or surrogate who [ NO

possesses standard reading and comprehension skills. Onva

2) The informed consent is obtained by the principal investigator or a trained and supervised [X] YES
designate under suitable circumnstances. Ino

[[] Confidentiality Agreement

3) Every effort has been made to decrease risk to subject(s)? X YES
CNo

4) The potential research benefits justify the risk to subject(s)? % YES
NO

S) If subject is incompetent and surrogate consent is obtained, have all of the following [ ] YES
conditions been met: a) the research can’t be done on competent subjects; b) there is no risk [ | NO
to the subject, or if risk exists the direct benefit to subject is substantially greater; c) If an [X]N/A
incompetent subject resist, he/she will not have to participate; d) If there exists any question

about the subject's competency, the basis for decision on competency has been fully
described.

6) If the subject is paid, the payment is reasonable and commensurate with the subject's [ ] YES

contribution. INO
XIN/A

7) Members of minority groups and women have been included in the study population [X] YES

whenever possible and scientifically desirable. e]

8) Comments: (Indicate if Expedited Review)

RECOMMENDATION: x APPROVED D DISAPPROVE/REVISE
SIGNATURE OF CHAIR: Date:

N >— Alelos
YA FORM EXISTING STOCK OF VAF 10-1223,

OCT 1995 10-1223 JAN 1990. WILL NOT BE USED
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Date: April 27, 2005

From: Chairman, Research and Development Committee (S-151)

Subj: Proposal reviewed by R&D on March 10, 2005

To:  Barry Goldstein, MD (S-128-SCI)
Jennifer Hastings, PhC, MS (S-128-SCI)

1. Your project, “Effectiveness of postural intervention via manual wheelchair change;
feasibility of teleconsultation delivery” was reviewed by the Research and Development
Commiittee at their meeting on March 10, 2005. All applicable subcommittee approvals
and/or clarifications have been obtained and approval to start is now granted. Your RDIS
approval number is #0007.

2. You must inform the office of any significant changes to your protocol (such as
design modification, change in P, etc.). If this project has a human study component you
must send us a copy of each IRB action, e.g., an approved modification, annual renewal o
termination.

3. If the project is non-VA funded, you must send us a copy of the notification of
award (NIH) or other statement of funding award.

(G

John C.S. Breitner, MD, MPH
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e I —

5/08/2005 15:00 FAX 8022006039 VANC GECS

" @ovaso0e

TN
REPORT OF SUBCOMMITTEE ON HUMAN STUDIES

Project/Program Title: [
Te] a0 i

Principal Ixvestigator: Bradley Buckhout, MD
VAMC: 644 - Carl T. Hayden Veteran’s Affairs Medical Center Review Date; April 13, 2005

COMMITTEE FINDINGS

1. The information given in the Informed Consent under the ipti R B/YES
Investigator is complete, accurate, and understandable to & research subject or a surrogate Ow~o
who possesses standard reading and sion skills.

Reviewed Consent Version Date: #__Mpmwed Consent Version Date:%\

2. The informed consent is obtained by the principal investigator or a trained and supervised YES
designate under suitable circumstances. £l No

3. Every effort has been made to deerease risk o subject(s)? [E/YES
Reviewed Protoco! Version Date/No. Approved Protocol Version Date or Ne. / Mﬁ D NO

Approved Investigator's Brochure Dat
4. The potential research benefits justify the risk to subject(s)? E/YE s
i Approved for number of subjects o be ct d / g (ino
5. If subject is incompetent and surrogate consent is obtained, have all of the following conditions Iz/

been met: (a) the research can't be done on competent subjects; (b) there is no risk to the D
subject, or if risk exists, the direct benefit to subject is substantially grester; (c) if an NO
incompetent subject resists, he will not have to participate; (d) if there exists any question about

the subject's competency, the basis for decision on competency has been fully described.

6. If the subject is paid the payment is reasonable and commensurate with the subject's B/YES

contribution. D N

D A

7. Were the members of minority groups and women included in the study population whenever B/

possible and scientifically desirable. CIN

0
8. Comments i icw, explain): [XIFull Review []*Expedited Review
*Ths vesearch involves collection ox study of existing data, d records patbolpgical specimens, ox
- L see
Approved for (no. of months) /& iration Dafey /&,/0‘2

RECOMMENDATION: M
Comments: / emo Attached @

s.emrunsoch Qj Z 2 » o D:/E/%/m

VA FORM 10-1223
OCT 1905(RICTHVAMS Verslon 6/15/04
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8/2005 14:50 FAX 8022008039 VANC GECS k 20017008
o A
Department of '
Veterans Affairs Memorandum

Date: April 28, 2005

From: Chair, R&D Committee

Subj: New Protocol Review
Effectiveness of Postural Intervention via Manual Wheelchair Change: Feasibility of
Teleconsultation Delivery

To: Bradley Buckhout, MD (GECS)

Thru:

The R&D Committee conducted a review of this protocol at its meeting on April 27, 2005.
After consideration of the scientific quality of the study, the Committes voted to:
approve the study.
[0  approve the request for dosure.
[3  disapprove the study for the reasons given below.

If you have any questions or need assistance, please contact Matt Banaszak, Research AO, at
6697 or Grace Moreno, Program Support, at 7224.

N\Mﬁv\?\«w\ 4-17- o5

James Felisetta, MC Date
Chair, R&D Committee

Autornsiad VA FORM 2105
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[ VIR  V VU R VS YY) e nuva v

THE UNIVERSITY OF
Human Sobjects Protection Program ARIZONA 1350 N. Vine A
bup:/jwww.itb.arizona edn ¥O4 Bﬂ:z‘sl:i;mue
ucson, AZ 857245137
10 May 2005 (520) 6266721

Dale Demonbreun, B.S.,M.P.T.
Physical Medicine/Rehabilitation
VA Medical Center

RE: HSC #05-59 EFFECTIVENESS OF POSTURAL INTERVENTION VIA MANUAL
WHEELCHAIR CHANGE; FEASIBILITY OF TELECONSULTATION DELIVERY

Dear Mr. Demonbreun:

We received your 5 May 2005 letter and accompanying revised Consent Form/PHI Authorization
Form (5/4/05 Versions) and corrected Recruitment Letter/Advertisement and updated Verification
of Training Form and Project Approval Form for the above referenced project. All of the conditions
as setout in our 27 April 2005 letter to you (relevant to the 26 April 2005 full Board review of this
project) bave been met. Therefore approval for this subjects-at-risk project is granted and the
enciosed Consent Form and PHI Authorization Form reflect an expiration date of 26 April 2006.

The Institutional Review Board (IRB) of the University of Arizona bhas a current Federalwide
Assurance of compliance, FWA00004218, which is on file with the Dspartment of Health and
Human Services and covers this activity.

Approval is granted with the understanding that no further changes or additions will be made eitber
to the procedures followed or to the consent form(s) used (copies of which we have on file) without
the knowledge and approval of the Human Subjects Committee (IRB) and your College or
Departmental Review Committee. Any research related physical or psychological harm to any
subject must also be reported to each committee.

A university policy requires that all signed subject consent forms be kept in a permanent file in an
area designated for that purpose by the Department Head or comparable authority. This will assure
their acmmbilny in the event that university officials require the information and the principal
investigator is unavailable for some reason.

Sincerely yours,

David G. Jotmsugf:,w

Chairman, Biomedical Committee
UA Instittional Review Board

DGIJis

cc:  Departmental/College Review Commiitee
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07/12/08 TUE 08:3

4 FAX 5208294679 VAMC REHAB

Department of Veterans Affairs Memorandum

Date: June 16, 2005
From: Chair, Research and Development Committee (151)
Subl: Review of Research Proposal
Yo: Dale Demontreun, MPT, BS (3-11NH)
1. Your rescarch proposal entitled "Effectiveness of Postural Intervention via Manusl Wheelchair

Change: Feasibility of Teleconsultation Delivery” was reviewed by the following Research Committecs
on the dates indicated. The action taken by cach Committee is shown. Your project number is QOO 2 .

Research and Development Committee, 06/15/05. Approved

4
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APPENDIX C: APPROVED INFORMED CONSENT FORMS

Department of Veterans Affairs | VA Research Consent Form |
% Carl T. Hayden VA Medical Center \ (Page 1 0f 11) :
650 E Indian Schoo! Road
Phoenix AZ 85012 ' ‘

Principal Investigator/Rasearcher: Bradley Buckhout MD

Title: Effectiveness of postural intervention via manual wheelchair change; feasibility of
teleconsultation delivery

1. Purpose of study: Jennifer Hastings is a board certified clinical specialist in neurologic physical
therapy and a PhD candidate, who has been a physical therapist with the Seattie VA SCI Service for
more than 15 years. This study is her dissertation research.. We would like to better understand the
relationship between seated posture and health for people who use a wheelchair full time due to spinal
cord injury. We hope that the results of this study will help people with spinal cord injury to have less
pain and discornfort from wheelchair use in the future. We are also interested in whether effective
seating interventions can be provided using a telemedicine format where the seating specialist is distant
to the seating clinic. We hope that the results of this study will improve access to better seating for
people who use wheelchairs in the future. This study is being conducted at the Carl T. Hayden VA
Medical Center in Phoenix, AZ, and the Southern Arizona VA Health Care System in Tucson, AZ.,
Ten participants will be recruited from each facility. To be eligible to participate, you must have motor
complete spinal cord injury between the levels of T1 and T10, use a manual wheelchair full-time for
mobility and be more than one year from your date of injury. We are particularly interested in persons
who are uncomfortable with how they are sitting in their wheelchair or have longstanding neck, back or

shoulder pain.

If you are in any other study, you must inform the Principal Investigator now.

2. Description of the study, procedures to be used, and how long it will last: The following
information describes your participation in this study which will last up to a total of 4 hours over the
course of up to four clinic visits plus an additional 30 minutes for completion of the follow up
questionnaires, most of your participation in the study will be completed within one month of
enrollment with the follow up questionnaire after 3 months.

When you contact the therapist investigator to say you are interested in being in this study you will first

- berasked a number of questions to screen for eligibility iir the study. If you qualify to participate you

will be given an appointment with this investigator. Upon agreeing to participate in the study you will
be given a packet of questionnaires to fill out, this will take approximately 30 minutes.

You will now be assigited by a random procedure, like the flip of a coin, to either the “in-person” group
or the “teleconsultation” group.

Subject’'s Name: . Date
Last First
Soc. Sec. No. (9 digits): - -
A 2 "
This Form IRB Approved: MaY < 205
VA FORM i T £ 05
) 10-1086 Subject’s Initials Not To Be Used After: b
Jan 1860 {RB Study No.: (will be

Version Date: 3-24-05 assigned after committee approvai)
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650 E Indian School Road
Phoénix AZ 85012

Principal Investigator/Researcher: Bradley Buckhout MD

i @ Department of Veterans Affairs | va Research Consent Form |
J Carl T. Hayden VA Medical Center f (Page 2 of 11) {r
| ?- |

Title: Effectiveness of postural intervention via manual wheelchair change; feasibility of
teleconsultation delivery

The study coordinator, Jennifer Hastings, will specify the interventions for both groups.

If you are assigned to the “in-person” group you will be scheduled into the next available “in-person”
clinic with the study coordinator. Research seating clinics are scheduled once a month.

If you are assigned to the “teleconsultation” group your appointment will continue. The investigator
will now ask you to transfer to a therapy mat (help will be provided with the transfer if needed) and
then take measurements of the range of motion of your legs. The investigator will also take a measure
of your leg length. While you wait on the mat the investigator will measure your wheelchair. Next you
will transfer back into your wheelchair into a usual position of comfort. Now the investigator will take
photographs of you while seated in your wheelchair, these photographs will be from the front and the
right side and will include your face and your entire body and wheelchair. You will be fully clothed in
the photographs, though you will be asked to remove any outer jackets or hats. At this time the intake
appointment is completed. The information obtained during the intake appointment will be entered into
your computerized medical record and transmitted to the lead investigator by an inter-facility

consultation.

Those in the “in-person” clinic will have all of the same procedurss described for the teleconsultation
appointments performed during their research seating clinic appointment.

If you are in the “teleconsultation” group you will have two more appointments of approximately one-
hour duration and one week apart. “Teleconsultation” is a form of health care delivery where the
patient is seen by a local clinician who consults via technology, in this case the computerized medical
record, with a specialist who is distant. The specialist evalnates information collected by the local
clinician to make their recornmendations.

If you are in the “in-person” group you will have one 3-hour appointment at the next available research
seating clinie.

At the second appointment, in both groups, your wheelchair will be adjusted to improve the postural
support provided by the wheelchair.

Subject’s Name: R Date:
Last First

Soc. Sec. No. (9 digits): T e T e ———

This Form IRB Approved:
VA FORM - .
o 1 0_1 086 Subject’s Initials NotToBe Used After:
Jan 180 . . IRB Study No.: (will be
Version Dater 3-24-0§ assigned after committee approval)
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Cari 7. Hayden VA Medical Center (Page 3 of 11)
650 E Indian School Road

% Department of Veterans Affairs ‘ VA Research Consent Form
i
Phoenix AZ 85012 i

Principal Investigator/Researcher: Bradley Buckhout MD

Title: Effectiveness of postural intervention via manual wheelchair change; feasibility of
teleconsultation delivery

Potential changes in your wheelchair include:
0 The backrest height being changed,
o The backrest angle being changed,
a The seat slope being changed

Depending on the type of wheelchair you use it may not be possible to optimally set up the wheelchair
for postural support without additional equipment, in this case you will be potentially offered:
o New wheelchair backrest upholstery,
o A new backrest (this may require removal of the backrest by quick release hardware to fold the
wheelchair)
O A base wedge to use under your cushion.

Inn this study we will not change your seat cushion.

After your wheelchair has been adjusted you will be asked to return to your chair and perform a
number of function and safety checks to insure that you feel comfortable taking the wheelchair in the
new configuration. At the end of the appointment another set of photographs will be taken. A follow up
will be available the next day for the in-person clinic group and the next week for the teleconsultation
group, to address any fine-tuning of the wheelchair changes that might be needed.

Two weeks after the final seating appointment you will be asked to repeat the packet of questionnaires
and return them by mail in a postage paid envelope. These questionnaires are identical to those you
will complete on the enrollment visit. They are self-report scales concerning your pain intensity and its
location and whether or not it interferes with function and how you feel about your seated posture.

Three months after the final seating appointment you will be asked to complete and return another
packet of questionnaires.

For the duration of your involvement in the study you are asked to refrain from seeking any new
interventions forneck, arm or shoulder, or back pain or discomfort and keep a record of any medication
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changes. If for whatever reason you modify your wheelchair or cushion after the seating appointments
please contact the investigator and let them know of the change.

You may decline to answer any question on any questionnaire or during any interview and you may
withdraw from the study at anytime.

3. Reasonably foreseeable discomforts or inconveniences of the study: This study requires that you
participate in either three one-hour appointments at the clinic over a four-week period or one three-
hour long session. The frequency or duration of the appointments may be inconvenient.

4. Reasonably foreseeable risks of study: This study will invelve tests and measures that are routine
in the deltvery of physical therapy to patients with spinal cord injury. The transfers required in this
study may be more frequent or in greater number than you are used to performing. The investigators are
all experienced therapists who can assist in transfers if needed. It is possible that you may be sore or
fatigued by the activity of the seating clinics.

The intervention offered in this study is a change in posture by changing the postural support provided
by the wheelchair. Changing posture may be initially inconvenient for you and may require some
adjustment of your home environment, for instance your knees may be higher or you may sit taller.
Therapist investigators will work with you to avoid any inconvenience and a follow up appointment is
available if something simply does not work for you. At the end of the intervention session, you will be
given an explicit list of the changes that have been made to you wheelchair and you will be given any
and all parts that may have been removed. You can decide to undo the changes that were made at any
time but you are requested to inform the investigator if you make any change to your wheelchair. If you
have any concerns for your physical health at anytime during this study you should contact your SCI
clinician whether vou believe there-is a connection to the study interventiorr or not:

Some people may be uncomfortable being photographed. The photographs are for analysis of your
posture and wheelchair configuration, they will be viewed by the lead investigator as part of the
determination of recommendations for wheelchair changes. The photographs will be stored as images
in the computerized medical record of the VA Healthcare System. The Computerized Medical Record
is a password-protected system with access restricted to medical care providers.
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5. Expected benefits of study: There are no known direct benefits to you for being in this study.
Subjects in both groups may benefit from participation; the intervention is designed to improve seated
postural alignment. Potential benefits may include a decrease in pain and pain interference, and
increased perceived quality of life. .

6. Financial costs of the study: There will be no cost o you for being in this study.

7. Other treatment available: Other treatment than that described above will be provided under the
supervision of your doctor or caregiver. Specialized seating evaluation and interventions are available
at VA SCI Centers. You should contact your personal physician for more information on options that
would be appropriate for you.

8. Use of research results: The results of this study may be published, but your records or identity will
not be revealed unless required by law.

9. New findings: You will be told of any significant new findings that come to light during the course
of this study and that may relate to your wanting to stay in the study.

10. Special circumstances: You will be compensated $50 for your time and effort taking part in this
study. You will receive $30 after your last clinic visit and the remaining $20 will be mailed to you
upon receipt of the final questionnaire packet.

11. Rights of recourse: In the unlikely event that you are injured as a result of participation in this
study, the Phoenix VAMC may provide medical care or make arrangements for contracted care at
another facility, except if the injury is due to noncompliance on the part of the subject or arises out of
research performed by u contractor. A claim for negligent injury may be made against the VA by
presenting a Form SF-95 to the VA within two years of the date the claim accrues. This form is
available through the Patient Representative of the VAMC Institutional Review Board 602-277-5551
extension 7224. Further information can be obtained by calling Matt Banaszak, Administrative Officer
for Research and Development at the Carl T. Hayden VAMC 602-277-5551, extension 5104 or the
Research & Development Office at 602-277-5351, extension 7224.
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12. Contact for questions: If you have any questions about the conduct of this study, you should
contact Bradley Buckhout, the Principal Investigator at (602) 277-5551 ext. 7008, or the Chairperson of
the Research and Development Committee at the Carl T. Hayden VAMC (602) 277-5551, ext. 7224. If
you have any questions about your rights as a subject in this study, you should contact the Chairperson
of the Human Subjects Subcommittee (also known as the IRB) at the Carl T. Hayden VAMC (602)

277-5551, ext. 7224,

13. Authorization for release of protected health information for research purposes: This part of the
consent is authorization for release of your protected health information for research purposes and gives
more detailed information about how your health information will be protected and includes:
e What personal health information about you will be collected in this study, and might be shared
s Why your personal health information is being used
*  Which of our personnel may use or disclose your personal health information
» Who, outside of the Veterans Health Administration (VHA), might receive your personal health
information
e How long will VHA be able to use or disclose your personal health information
e Yourrights to access research information about you
*  Your right to withdraw your authorization {approval) for any future use of your personal health
information

13.a. What personal health information about you will be collected in this study, and might be
shared (disclosed)?

By signing this document, you will authorize the Veterans Health Administration (VHA) to provide
Bradley Buckhout MD and his research team to access, collect, use for research purposes, and release
" the following personal health information during your involvement with this research study:
- Name
- Address
- Telephone number
- Current and past medications or therapies
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- Information from a physical examination concermning lower extremity range of motion and
thigh length

- Information concerning skin health and history of decubitus ulcers (pressure sores)

- Information concerning heterotophic ossification (bone growth around the joints)

- Photographs of you while seated in your wheelchair

13.b. Why is your personal health information being used?

Your personal contact information is important for the VHA research team to contact you during the
study. Your health information and results of tests and procedures are being collected as part of this
research study and for the advancement of medicine and clinical care. The Principal Investigator may
also use the results of these tests and procedures to treat you.

13.c. Which of our personnel may use or disclose your personal health information?

The following individuals and organizations may use or disclose your personal health information for

this research project:
- The Principal Investigator and the Investigator’s study team (other VHA staff associated

with the study).
The VHA Institutional Review Boards and the Human Research Participant Protection

Program Committee (the committees charged with overseeing research on human subjects)

and the VHA Research Compliance Officer.
- The VA Research & Development Office (the office which monitors research studies

locally)
- Authorized members of the VHA workforce who may need. to access your information in

the performance of their duties (for example: to provide treatment, to ensure integrity of the
research, accounting or billing matters, etc.).

13.d. Who, outside of the Veterans Health Administration (VHA), might receive your personal
health information?
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As part of the study the Principal Investigator, study team and others listed above, may disclose your
personal health information, including the results of the research study tests and procedures to the

following:

Other collaborating academic research center(s) The study team at the Southern Arizona
. VA Health Care System who are jointly conducting this research

- Others: Karen Schepp PhD, Chair Supervisory Committee for the Dissertation Research of

Jennifer Hastings at the University of Washington

The Principal Investigator or study staff will inform you if there are any changes to the list above
during your active participation in the trial. Once information is disclosed to others outside the
Veterans Health Administration (VHA) information may no longer be covered by the federal privacy
protection regulations.

¢ Inall disclosures outside of the VHA, you will not be identified by name, social security
number, address, telephone number, or any other direct personal identifier unless disclosure of

the direct identifier is required by law.

s Inrecords and information disclosed outside of the VHA, you will be assigned a unique code
number. The Principal Investigator will ensure that the key to the code will be kept in a locked
file. The key to the code will be destroyed at the end of the research study.

*  Your Medical Records and study data may be held and processed on computers.

13.e. How long will the VHA be able to use or disclose your personal health information?

Your authorization for use of your personal health information for this specific study does not expire.
This information may be maintained in a research repository (database). However, VHA may not re-
use or re-disclose your personal health information collected in this study for another purpose other
than the research described in this document unless you have given written permission for the Principal
Investigator to do so. However, the VHA Institutional Review Board may grant permission to the
Principal Investigator or others to use your information for another purpose after ensuring that
appropriate privacy safeguards are in place. The Institutional Review Board is a committee whose job
it 1s to protect the safety and privacy of research subjects. Results of all tests and procedures done
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solely for this research study and not as part of your regular care will be included in your medical
record.

13.f. Will you be able to access your records?

During your participation in this study, you will have access to your medical record and any study
information that is part of that record. The investigator is not required to release to you research
information that is not part of your medical record.

13.g. Can you change your mind?

You may withdraw your permission for the use and disclosure of any of your personal information for
research, but you must do so in writing to the Principal Investigator at the address at the top of each
page. Even if you withdraw your permission, the Principal Investigator for the research study may still
use your personal information that was collected prior to your written request if that information is
necessary to the study. No information will be collected after you revoke the authorization. If you
withdraw your permission to use your personal health information that means you will not be able to
continue to participate in the study. This will not affect your rights as a VHA patient.

13.h. AUTHORIZATION
The VHA complies with the requirements of the Health Insurance Portability and Accountability Act

of 1996 and its privacy regulations and all other applicable laws that protect your privacy. We will
protect your information according to these laws. Despite these protection, there is a possibility that
your information could be used or disclosed in a way that it will no longer be protected. Our Notice of
Privacy Practices (a separate document) provides more information on how we protect your
information. If you do not have a copy of the Notice, the research team will provide one to you.

T have read this authorization form and have been given the opportunity to ask questions. If I have questions
later, I understand I can contact Donna Donetti at 277-5551 ext 6949. I will be given a signed copy of this
authorization for my records. I authorize the usc of my identifiable information as described in this consent.
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14. RESEARCH SUBJECT’S RIGHTS: I have read or have had read to me all of the above. Dr.
Buckhout or his/her research associate has explained the study to me and answered all of my
questions. I have been told of the risks or discomforts and possible benefits of the study. I have been

told of other alternatives available to me.

I understand that I do not have to take part in this study, and my refusal to participate will
involve no penalty or loss of rights to which I am entitled. I may withdraw from this study at any
time without penalty or loss of VA or other beuefits to which Y am entitled.

The results of this study may be published, but my records will not be revealed unless required by
law. In case there are study-related questions or medical concerns, I have been told I can call Donna
Donetti during the day at 602-277-5551 extension 6949 or contact Jennifer Hastings 206 499-9704
after hours. For emergency care, call 911 or VA Life Support at (602) 277-5551, ext. 7199. If any
medical problems occur in connection with this study the VA will provide emergency care. I have
been informed that I can also contact my Primary Care Provider in case [ have any additional medical

problems or questions.

I understand my rights as a research subject, and I voluntarily consent to participate in this study. [
understand what the study is about and how and why it is being done. I have read and signed this
consent before any of the research-related procedures were started. I will receive a signed copy of

this consent form.

Subject’s Signature Date
Signature of Person Obtaining Consent Date Name (print)
Signature of Witness Date Name (print)
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INVESTIGATOR'S STATEMENT: I certify that the individual obtaining consent is a member of my research
team and has been fully trained to explain the nature, purpose, the potential benefits, and the possible risks
associated with participation in this research study.

Signature of Principal Investigator Date Name (print)
<
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SUBJECT'S CONSENT FORM
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Project Title: Effectiveness of postural intervention via manual wheelchair change; feasibility of
teleconsultation delivery

You are being asked to read the followiag material to essure that you are informed of the
natore of this research study and of how you will participate in it, if you consent to do so.
Signing this form will indicate that you bave been s0 informed and that youn give your
consent. Federal regnlations require written informed consent prior to participstion in this
research study so that you can lmow the nature and risks of your participation and cap
decide to participate or not participate in 2 free and informed manner.

PURPOSE
You are being invited to participate voluntarily in the above-titled research project. The purpose
of this project is to better understand the relationship between seated posture and health for
people who use a wheelchair full time due to spinal cord injury. The investigators hope that the
results of this study will help people with spinal cord injury to have less pain and discomfort
from wheelchair use in the future. They are also interested in whether effective seating

" interventions can be provided using a teleconsultation format where the seating specialist is
dismmmthesuﬁngeﬁﬂahemﬂuofmi;stndymnyimpmemmmﬁngadﬁsemem
for people who use wheelchairs in the future.

SELECTION CRITERIA

The Principal Investigator or a member of his/her study staff will discuss the requirements for
participation in this study with you. To be eligible to participate, you must have motor compiete
spinal cord injury between the levels of T1 and T10 and use manual wheelchairs full-time for
mobility and be more than one year from your date of irjury. These researchers are perticularly
interested in persons who are uncomfortable with how they are sitting in their wheelchair or
have longstanding neck or shoulder pain. A total of 10 individuals will be enrolled in this study
locally. Overall, a total of 20 individuals will be enrolled at multiple study centers.

ALTERNATIVE TREATMENT(S) There are specialized seating evaluation and interventions
svailable at VA Spinal. Cord Injury Centers. You should contact your persopal physician for
more information on options that would be appropriate for you.

PROCEDURE(S)

The following information describes your participation in this study which will last up to 4 hours
over the course of up to four clinic visits plus an additional 30 mimutes for completion of follow
up questionnaires. Most of your participation in the study will be completed within one month
{with the follow up questionnaire after 3 months).

‘When you contact the site investigator to say you are interested in being in this study you will

Version Date: 5-4-05 Page 1 of 6 Subject’s Initials
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first be asked a number of questions to screen for eligibility in the study. If you qualify to
participate you will be given an appointment with the investigator. Upon arrival for the
appointment you will be given a packet of questionnaires to complete, which will take
approximately 30 mimxes.

You will then be assigned by a random procedure, like the flip of a coin, to either the “in-
person” group ot the “teleconsuitation”™ group, both of which are described below.

The lead investigator of the multi-site study, Jennifer Hastings of the Sesttle VA Medical Center,
will specify the interventions for both groups. Jennifer Hastings is a board certified clinical
specialist in neurologic physical therapy and a PhD candidate, who has been 2 physical therapist
with the Seattle VA SCI Service for more than 15 years. This study is her dissertation research.

If you are assigned to the “in-person” clinic this session will be ended and you will be scheduled
into the next available “in-person™ clinic, (research seating clinics are scheduled once a month).

If you are assigned to the “teleconsultation™ group your appointment will continue.

The investigator will then request that you transfer to a therapy mat and help will be provided
with the transfer if needed. Measurements then will be taken of the range of motion of your legs.
The investigator will also measure your leg length. While you wait on the mat, the investigator
will measure your wheelchair. Next you will transfer back into your wheelchair imo a usual
position of comfort. The investigator will take photographs of you while seated in your
wheelchair, These photographs will be from the front and the right side and will include your
face and your entire body and wheelchair. You will be fully clothed in the photographs, though
you will be asked to remove any outer jacket or hat. At this time the intake appointment is
completed. The information obtained during the intake appointment will be entered into your
computerized medical record and transmitted to the lead investigator by an inter-facility
consultation.

Those in the “in-person™ clinic will have all of the same procedures described for the
teleconsultation appointments performed during their research seating clinic appointment.

If you are in the “teleconsultation™ group you will have two additional appointments of
approximately one-hour each. These will be scheduled one week apart.

If you are in the “in-person™ group you will have onc 3-hour appointment at the next available
research seating clinic.
At the second appointment, all subjects will have his/her wheelchair adjusted to improve the
postural support provided by the wheelchair.
Potential changes in your wheelchair include:

o The backrest height being changed,

o The backrest angle being changed,
o The seat slope being changed

Version Date: 5-4-05 Page 2 of 6 Subject’s Initials
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Depending on the type of wheelchair you use it may not be possible to optimally set up the
wheelchair for postural support without additional equipment. In this case, you will be
potentially offered:
@ New wheelchair backrest uphoistery,
o A new backrest (this may require removal of the backrest by quick release hardware to
fold the wheelchair)
O A base wedge to use under your cushion.

In this study the investigators will not change your seat cushion.

After your wheelchair bas been adjusted, you will be asked to return to your chair and perform a
mumber of function and safety checks to insure that you feel comfortable taking the wheelchair
in the new configuration. At the end of the appointment, another set of photographs will be
taken. A follow up will be available the next day for the in-person clinic group, and the next
week for the teleconsultation group to address any finc-tuning of the wheeichair changes that
might be needed.

Two weeks after the final scating appointment you will be asked to repeat the packet of
questionnaires and return them by mail to the primary investigator in a postage paid envelope.

Three months after the final seating appointment you will be asked to complete and return
apother packet of questionnaires.

For the duration of your involvement in the study, you will be requested to refrain from seeking
any new interventions for cervical, upper extremity, or back pain or discomfort and to keep a
record of any medication changes. If for whatever reason you modify your wheelchair or
cushion after the seating appoiniments, the imvestigator must be contacted.

You may decline to answer any question on any questionnaire or during any interview, and you
may withdraw from the study at anytime.

RISKS )

This study will involve tests and measures that are routine in the delivery of physical therapy to
patients with spinal cord injury. The transfers required in this study may be more frequent, or in
greater number than you are used to performing. The investigators are all experienced therapists
who can assist in transfers if needed. It is possible that you may be sore or fatigued by the
activity of the seating clinics.

The intervention offered in this study is a change in posture by changing the postural support
provided by the wheelchair. Changing posture masy be initially inconvenient for you and may
require some adjustment of your home environment, for instance your knees may be higher or
you may sit taller. Therapist investigators will work with you to avoid any inconvenience and 8
follow up appointment is available if something simply does not work for you.
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At the end of the intervention session, you will be given an explicit list of the changes that have
been made to your wheelchair and you will be given any and all parts that may have been
removed. You can decide to undo the changes that were made at any time, but you are requested
to inform the investigator if you make any change to your wheelchair. If you have any concerns
for your physical health at any time during this study you should comtact your SCI clinician
whethier you believe there is a connection to the study intervention or not.

Some people may be uncomfortable being photographed. The photographs are for analysis of
your posture and wheelchair configuration, they will be viewed by the lead investigator as part of
the determination of recommendations for wheelchair changes. The photographs will be stored
as images in the computerized medical record of the VA Healthcare System. The Computerized
Medical Record is a password-protected system with access restricted to medical care providers.
The consults and images will remain in your medical record and as such will be accessible to
anyone with authorization anda password to enter into the computerized medical record.

BENEFITS

You may directly benefit from participation in this study because the study will give you access
to a seating specialist without having to travel from your local health care facility. The results of
this study may lead to improved acoess to specialty care through teleconsultation for persons
who live distant to major medical centers.

CONFIDENTIALITY

Information about you is confidential. The information from the intake examination, the

photographs and the procedures for wheelchair adjustment will be incorporated into your

computerized medical record. The computerized medical record is an authorized access,

paswwdpmwctedsymm Alldatacoﬂectedﬁomﬂtqtmﬁonnmwﬂlbeoodedfamestudy
l'ds o

wmnamemdﬂ:ewmbekeptmnmuwdlwauon,meﬁomthesudymfmmon,
for two years after the final data collection. After which time the link will be destroyed. If the
results of this study are published your name will not be used

thﬂ)erornotyouchoosetobemﬂnsstudywﬂlhuvenoeﬂ'ectonyourusualhealthcamas
provided by the VA Healthcare System.

PARTICIPATION COSTS AND SUBJECT COMPENSATION

There is no cost to you for participating except your time. Ifmyeqmpmentumededforyom
wheelchair Prosthetics Service will purchase it at no expense to you. You will receive $50 token

of appreciation for your perticipation after returning the final questionnaire packet.

CONTACTS
You can obtain further information from the Local Principal Investigator Dale Demonbreun PT
at 520 792-1450 x 1-6998.

Version Date: 5-04-05 Pagedof 6 Subject’s Initials



- 153 -

if you have questions concerning your rights as a research subject, you may call the University of
Arizona Human Subjects Protection Program office at (520) 626-6721.

LIABILITY

Side effects or harm are possible in any research program despite the use of high standards of
care and could occur through no fault of yours or the investigator involved. Known side effects
have been described in this consent form. However, unforeseeable harm also may occur and
require care. You do not give up any of your legal rights by signing this form. In the event that
you require or are billed for medical care that you feel has been caused by the rescarch, you
should contact the local principal investigator Dale Demonbreun at 520 792-1450 x 1-6998.

AUTHORIZATION

Before giving my comsent by signing this form, the methods, incosveniences, risks, and
benefits have beem explained to me and my questions have been answered. I may ask
questions at any time and I am free to withdraw from the project at any time without
causing bad feelings or affecting my medical care. My participation in this project may be
ended by the investigator for reasons that would be explained. New information developed
during the course of this study which may affect my willingness to continue in this research
project will be given to me as it becomes available. This consent form will be filed in an area
designated by the Human Subjects Committee with access restricted by the
investigator, Dale Demonbrenn PT, or authorized representative of the Rebabilitation
Department of the Tucson VA. I do not give up any of my legal rights by signing this form.
A copy of this signed consent form will be given to me.

Subject's Signature Date
Parent/Legal Guardian (if necessary) Date
Witness (if necessary) Date
INVESTIGATOR'S AFFIDAVIT:

Either I hsve or my agent has carefully explained to the subject the nature of the above project. I
hereby certify that to the best of my knowledge the person who signed this consent form was
informed of the nature, demands, benefits, and risks involved in his/her participation.

Signature of Presenter Date

Signature of Investigator Date
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AUTHORIZATION FORM FOR USE AND DISCLOSURE OF PROTECTED HEALTH
INFORMATION (PHI) FOR RESEARCH
Project Title: Effectiveness of postural intervention via manual wheelchair change; feasibility of
teleconsultation delivery

The United States government bas issued a new privacy rule to profect the privacy rights of individuals enrolled in
research. The Privacy Rule is designed to protect the confidentiality of an individual’s heaith information. This
document hereafter known as an “Authorization for Use and Disclosure of Protected Health Information for Research™
describes my rights and explains how my health information will be used and disclosed for this study.

PURPOSE

1 am being invited to participate voluntarily in the above-titled research praject. The purpose of this project is to better
understand the rejationship between seated posture and health for people who use a wheelchair full time due to
spinal cord injury. The results of this study may help people with spinal cord injury to have less pain and
discomfort from wheelchair use in the future. This study is also intended to satisfy an interest in whether
effective seating interventions can be provided using a teleconsultation format where the seating specialist is
distant to the seating clinic. It is hoped that the results of this study will improve access to seating advisement
for people who use wheelchairs in the future.

USE AND DISCLOSURE OF PROTECTED HEALTH INFORMATION
This information will be used for completion of this study only. Upon arrival for the appointment I will be given a
packet of questionnaires to fill out. This information will not be incorporated directly into my medical record.,
rather the data collected from the questionnaire will be coded for the study records.” The link between my name
and the code will be kept in a secured location, separate from the study information, for two years after the final
data collection. Then the link will be destroyed. )
The following information will be collected from my medical record or during the study sessions and
incorporated into my medical record:

- Name

- Address

- Telephone number

- Current and past medications or therapies

- Information from a phkysical examination concerning lower extremity range of motion and thigh

length

- Information concerning skin health and history of decubitus ulcers

- Information concerning heterotophic ossification

- Photograpks taken while seated in your wheelckair

This health information will be transmitted to the lead investigator by an inter-facility consultation through the
computerized medical record. The Computerized Medical Record is a password-protected system with access
restricted to medical care providers. The lead investigator will view the health information and the photographs
in order to determine the recommendations for wheelchair changes.

As stated in the study description, the investigator will take photographs of me while seated in my wheelchair;
these photographs will be from the front and the right side and will include my face and entire body and
wheelchair. I will be fully clothed in the photographs, though I will be asked to remove any outer jacket or hat.
The photographs are for analysis of my posture and wheelchair configuration. As with all personal information
of this study, the photographs will be stored as images in the computerized medical record of the VA Healthcare
System. The information about me is strictly confidential. If the results of this study are published my name will
not be used. .

Version: 5-4-05 THIS STAMP WUST APPEAR OW page 1 of 2
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Whether I choose to be in this study, or choose not to be in this study, will not affect my usval health care
provided by the VA Healthcare System.

I have the right to access my PHI that may be created during this study as it relates to0 my treatment or payment. My
access to this information will become available only after the study analyses are complete.

CONTACTS 1 can obtain further information from the principal investigator, Dale Demonbreun, PT at (520) 792-1450,
ext 6998. If I bave questions concerning my rights as a research subject, I may call the Human Subjects Protection
Program office at (520) 626-6721.

AUTHORIZATION

I hereby authorize the use or disclosure of my individually identifiable health information. Imay vnthdrdw ﬂus

authorization at any time by notifying the Principal Investigator in writing. The add for the Principal Inv

3601SG‘AVe,Tnm,AZSS?ZS.If]downhdmwmysmhmunon,mymfotmnum;nkuslydmclosedwmotbe

withdrawn and may continue to be used. Oncemformmonnbommeududoudmmdanoewrﬂ:ﬂmmthonnnon,

the individual or organization that receives this may redisclose it and my inf jon may no longer be protected by
If 1 choose not to sign this form, | cannot

Federal Privacy Regulations. 1 may refuse to sign this authorization form.

participate in the rescarch study, Refusing ro sign will not gffect my present or future medical care and will not cause any
loss of benefits to which I am otherwise entitled. This authorization will expire on the date the research study ends. I will
be given a copy of this signed authorization form.

Subject’s Signature Date
Printed Name of Subject

Signature of Subject’s Legal Rep ive (i v} Date
Printed Name of Subject’s Legal Representative

Relationship to the Subj

Version: 5-4-05 page 2 of 2
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APPENDIX D: INSTRUMENTS

Wheelchair User’s Shoulder Pain Index (WUSPI)

Subject ID,
PARTICIPANT INFORMATION
Please answer the following questions to the best of your ability.
1. Age: 3. Marital Status (circle) 1. Single
2. Married
3. Divorced
2. Sex(circle) 1.Male 4. Separated
2. Female 5. Widowed

4, A. How many years have you used a wheelchair? years

B. Type of wheelchair (circle): 1. Manual C.* Make
2. Power Model
3. Both

5.* What is your motor level of Spinal Cord Injury (write in if applicable}

1. Cervical 1. Complete
2. Thoracic 2. Incomplete
3. Lumbar 3. Don’t know
4. Sacral

6.* Average number of wheelchair transfers per day:
(including transfers to/from bathroom, car, bed and other-count one direction as | transfer example:

in and out of a car=2)
7. Are you: (circle) 1. Left-handed 2. Right-handed
8. A. Primary occupation: (circle the activity at which you spend the MOST time)
1. Employed B. Total number of work/school hours
2. Student per week hours
3. Volunteer
4. Retired C. Total number of hours spent participating
5. Other in sports/leisure activities per week:
hours
9. A. Do you drive? B. If yes, number of hours per week spent driving: hours
1. Yes
2.No C. If yes, what type of vehicle: 1. Car
2. Van with lift
3. Van without lift
4, Truck/utility vehicle
5, other
D.* Do you stow your own wheelchair into vehicle? 1.Yes 2.No

If yes, please mark your usual placement of the wheelchair
1. Behind the driver’s sear

2. Inthe front passenger seat

3, In the rear passenger seat

4. other

*these questions are additions or modifications to the WUSPI Demographic form with permission from Dr. Curtis
Wheelchair User's Shoulder Pain Index (WUSPI) ©1995 Curtis KA, Roach KE, Applegate EB, Amar I, Benbow C, Genecco TD, Gualano J
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WWheelchair User’s Shoulder Pain Index (WUSPI)
Subject ID,

10.* Can you independently jump up a 4 inch curb? 1. Yes 2.No
11.* Do you use a wheelie to go down steeper inclines? 1.Yes 2.Neo

12.* Can you independently transfer off the floor to your wheelchair? 1. Yes 2.No

MEDICAL HISTORY (circle the appropriate responses below)

1. Did you have shoulder pain prior to wheelchair use? 1. Yes 2. No [f yes, which shoulder? 1. Left 2. Right

3. Both
2. Have you had shoulder pain during the time you have used a wheelchair? 1. Yes 2.No
if yes, which shoulder? 1.Left 2. Right 3. Both
3. Have you had shoulder surgery? 1.Yes 2.No
if yes, which shoulder? 1. Left 2. Right 3. Both
4. Do you currently have shoulder pain? 1. Yes 2.No Ifyes, which shoulder? 1. Left 2. Right
3. Both
5. Have you sought medical attention for a shoulder problem? 1. Yes 2.No
if yes, who did you see? 1. Physician
2. Physical Therapist
3. Chiropractor
4. Other

6. Circle all of the following you have used to relieve shoulder pain:
l.Ice 2.Heat 3.Exercise 4. Meditation S.Rest 6. None 7.Other

7. Has shoulder pain limited you from performing your usual activities during the past week? 1. Yes 2. No

8. Have you experienced hand or elbow pain or injuries during the time you have used a wheeichair? 1. Yes 2. No
9.* Did you have neck pain prior to wheelchair use? 1. Yes 2.No

10.* Do you currently have neck pain? 1. Yes 2. No

11.* Did you have back pain prior to wheelchair use? 1. Yes 2. No

12.* Do you currently have back pain? 1. Yes 2. No

*these questions are additions or modifications to the WUSPI Demographic form with permission from Dr. Curtis
Wheelchair User s Shoulder Pain Index (WUSP)©1995 Curtis KA, Roach KE, Applegate EB, Amar I, Benbow C, G TD, Gualano J
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Kathleen Curtis, PT, Ph.D.
Director of Research and Special Projects
College of Health and Human Services
California State University, Fresno
2325 E. San Ramon Ave. M/S SR 136
Fresno, CA 93740-8031
559-278-5382 phone
559-278-8341 fax
email: kathleen@csufresno.edu

e 3k 3 3 3 3k o b 0 2 e 3 3 Ok Sk e 3k oK ok Sk oK oK K 3k ok oK ok sk ok K ok ok ok 3k ok

SCORING INSTRUCTIONS
WHEELCHAIR USER’S SHOULDER PAIN INDEX
(WUSP)

Thank you for your interest in the WUSPL, the Wheelchair User’s Shoulder Pain Index.
Enclosed is a copy of the instrument as we are currently using it. ‘

RAW WUSPI SCORE:

Measure the length of each 10 cm line at the point where the subject indicates an “X”, The total score is calculated
by taking the sum of all 15 item scores. Note the number of items completed. (There is an option for the respondent
to check "not performed")

PERFORMANCE -CORRECTED WUSPI SCORE (PC-WUSPD

Divide the RAW WUSPI SCORE (see above) by the number of items completed. Multiply this result by 15. This is
the PC-WUSPI SCORE which accommodates for individuals who do not perform certain functions (such as
individuals with tetraplegia) or for part-time wheelchair users (such as those who use the wheelchair only for sports
participation).

I would appreciate a copy of the results of any study you do with the WUSPI so that I can keep an ongoing log of
instrument use. Please send this information to:

Kathleen Curtis, PT, Ph.D.
Director of Research and Special Projects
College of Health and Human Services
California State University, Fresno
2325 E. San Ramon Ave, M/S SR 136
Fresno, CA 93740-8031
USA

If you have any questions, please don’t hesitate to contact me. You can reach me by phone at (559) 278-5382 or by
fax at (559) 278-8341. If you prefer you can also contact me by e-mail, my address is: kathleen@csufresno.edu.

Best wishes with your work.

Sincerely,

Kathleen A. Curtis, P.T., Ph.D.
Director of Research and Special Projects
College of Health and Human Services



- 160 -
Pain Descriptor and Locator Subject ID:
Time Date:

Use the line below to rate your CURRENT pain

indicate on the line below how bad your pain is. The left end of the line means no pain; the right end
means the worst possible pain.

‘No Pain Worst Possible Pain

Use the line below to rate the WORSE pain you have had in the last THREE days.

Indicate on the line below how bad your pain is. The left end of the line means no pain; the right end
means the worst possible pain. '

No Pain Worst Possible Pain

Use the two schematics below to indicate the LOCATION of your pain.

How much has any pain above the level of your spinal cord injury interfered in your
- ability to perform your usual activities in the past week?

Indicate on the line below how much pain has interfered. The left end of the line means no interference; the
right end means pain usually or severely interferes.

Not at all usually or severely
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Postural Scale for Wheelchair Users
(PSWU-16)

The overall scale latent construct is a subjective perception of problematic posture.
The theorized sub-scales are: Pain (P), Aesthetics (A), Health (H), and Function (F)
Factor analysis has not confirmed the subscales.

Psychometrics:

Cronbach’s Alpha =.86
Subscale to scale all significant; range .76-.86
Subscale to subscale all significant; range .40-.72
Item to subscale all significant; range .42-.88

Test-retest: r=.73

Scoring Instructions

The numerical value assigned to each box checked should be transcribed in the rectangle
aligned on the right. Vertical columns are summed for the sub-scales. Add the sub-scales
for a scale total. A higher score indicates a higher perception of problematic posture.
Scale range is 0-48. Subscales range 0-12.

For Clinical use:

A total scale score of 24 (50%) or greater or any subscale of 9 (75%) or greater suggests
referral for seating evaluation and intervention.

Abstract: Instrument Development: A Postural Scale for Wheelchair Users
Jennifer Hastings. Journal of Spinal Cord Medicine Volume 28 no. 2 2005 p 163.
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APPENDIX E: INSTRUMENT DEVELOPMENT-PSWU

Postural Scale for Wheelchair Users: An Instrument Development.
Jennifer Dee Hastings PT, PhC, NCS

Spinal Cord Injury Service, VA Puget Sound Healthcare System, Seattle WA
School of Nursing, University of Washington, Seattle WA

Funding Sources:

This work was supported by NIH Training Grants TG 5T32NR 007106-04
And T32HE 7424.
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Abstract:

This article presents the development and pilot study psychometrics of a
new instrument that is intended to serve the dual purpose of being a clinical
outcome measure of change after seating intervention, and a screening tool used to
determine need for seating intervention. Qualitative unstructured aqd semi-
structured interviews of key informants began the item development followed by
expert panel relevance rating. Item analysis for initial scale development is
described. A descriptive pilot study of the scale was completed with a sample of 41
community living persons who use wheelchairs for mobility due to paralysis.
Demographics of sample: Age 9-68; mean 41. Wheelchair use 2-51 years, mean 17.
The final 16- item instrument had a Cronbach’s alpha=.86, good item to subscale,
subscale to subscale, and subscale to total correlation values. Test-Retest
correlation r=.7.

Key Words: Instrument, Posture, Psychometrics, Reliability, Scale, Validity,
Wheelchair
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Introduction:

There are a growing number of persons living with functional limitations
from a neurologic impairment who require seated wheeled mobility for daily
function. Persons who use wheelchairs full-time are at high risk for secondary
impairment and disability. Often, prolonged wheelchair use portends postural
deformity and many authors have described kyphotic and scoliotic postures
attributed to prolonged wheelchair use" 2. There is a large amount of associative
evidence that persons who use manual wheeled mobility have musculoskeletal
upper limb pain3. However, there is emerging evidence that there is much
musculoskeletal pain in persons who use power mobility thus challenging the direct
link of upper limb use as the causal agent for the pain. Evidence supports the
contention that optimal spinal postural alignment is a platform for normal shoulder
biomechanics and therefore the absence of optimal spinal alignment is posited to be
a causal factor in the development of musculoskeletal pain with wheelchair use.
Normal upright postural alignment is optimized when the least muscular work is
required to maintain alignment against gravity. In the absence of normal postural
motor control the excessive work by posterior neck and scapular muscles is a
source of postural pain. Persons who lack motor control of the trunk due to
paralysis require external support for postural maintenance. Recent work has shown
that it is possible to configure a wheelchair to create a postural stabilizing

“environment*,

For persons with paralysis who use wheelchairs, problems with posture can
lead to an increase in medical problems as well as secondary disability. Poor
posture may lead to lower self-esteem and therefore contribute to more social
isolation. Wheelchair users often perceive, are aware, that they have postural
problems but are not aware of how to fix them and are often frustrated by health
professionals who cannot see their concern nor offer solutions. Because progressive

postural deformity can lead to pain and skin breakdown it would be ideal to
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capitalize on this perception of postural problems in order to provide early

intervention and prevention of the negative sequelae.

Problem Statement

An outcome measure is needed that will assess the patient’s perceived
changes in health, function, and quality of life as a result of the postural
intervention. Additionally, a screening tool is needed to help primary care
providers determine the need for referral to seating specialists. An instrument is
needed that reveals personal perception of postural issues, rather than an
observational postural assessment, so that interventions can be targeted to more
closely answer the concerns of the individual.

For research purposes an instrument is needed that will show change with
intervention. This would require an instrument that has stability if there is no
change and one that is sensitive enough to show change with the intended
intervention. The requirements of a clinical tool are that it will have a low user
burden including the ability to score and interpret readily, and have good face
validity for clinicians.

A literature search was done to see if a ‘perceived postural problems’ tool
existed. None was found. There are observational tools for assessing posture, but
none was found that looked at the postural problems perceived by the individual.
Initial search in instrument fields looking for postural assessment scales revealed
no matches in CINAHL or PubMed. A search was done using the CINAHL
database and key words of posture and physical therapy resulted 297 hits. The
author reviewed the titles to cull to forty-four titles, and then reviewed the abstracts
to cull to 18 and a review of the complete reference reduced the number of articles
actually read to seven. The instruments described in the articles were either
quantitative or if qualitative in nature they were observational so that the rater
‘qualified’ the posture. At this point it was determined that a new instrument would

need to be developed. During the past 6 months other researchers have begun to



- 168 -
publish about the subjective assessment of posture ', however they have made

idiosyncratic measures for their own purposes without the rigorous steps of
establishment of reliability and validity of the instrument.
Objective

The objective was to develop an instrument to measure a wheelchair using
individual’s perceived postural problems that will meet the needs as a research
outcome measure and also the needs as a clinical screening tool.

The scale was developed to be self-administered suggesting that a main goal
would be ease of use °. A goal was to have a scale that is brief and easy to
complete. 12-16 items were anticipated in the final instrument. A Likert scale with
four levels: totally disagree =0, somewhat disagree=1, somewhat agree=2, totally
agree =3 was used, the four response categories requires the respondent to have an
opinion on the item 8 Likert scales are ordinal level of measurement and thus
potentially less sensitive and with less power than a ratio based measure. However,
Likert may be easier to complete for the user and will definitely be easier to score
for the clinician, as scoring requires only simple summing rather that linear
measurement and potential calculation with decimals.

The items are written as declarative statements, which in general will mean
that, a higher score (agreement) would indicate more of a postural problem. A 5
grade reading level was selected for the items. This is the level of patient education
materials for the VA medical centers. An individual with full hand functioﬁ is
expected to be able to complete the scale in less than 10 minutes.

As a clinical screening tool cut points are required. Cut points will be
established on the overall summary score and on subscales.

Method- Scale Development Process:

The process of item development began with qualitative work by collecting

thoughts and impressions from representatives of the target population for the

scale.



- 169 -

Informants

The target population representative will be identified as TP-1, TP-2 etc.
The first unstructured interview was with a 44-year-old male with T4 paraplegia
(TP-1) secondary to spinal cord injury (SCI) for 29 years. This individual had
solicited the author for seating intervention. The interview was taped, with
permission, while we discussed what his reasons for seeking intervention were. The
second unstructured interview was with a 33-year-old male with T4 paraplegia (TP-
2) secondary to SCI for 7 years who has been followed by a major rehabilitation
center and professes to have good knowledge about postural and seating needs. The
author solicited the help of this individual. This second interview was also taped
with permission. A third individual was interviewed in a more structured manner,
essentially asking her to discuss the points brought up by the first two individuals.
This individual is a 21-year-old woman (TP-3) with lumbar paralysis from Spina
Bifida who was seen by the author for requested seating intervention. This third
interview was conducted partially in person and partially by e-mail. Information
from the final two informants was solicited and obtained by telephone interview
and by e-mail discussion. One is a 55-year-old male with paralysis from polio (TP-
4) who has been a wheelchair user since he was a teenager and is a professional in
the wheelchair industry as a vice president of sales. He also is an author of a
column on wheelchair use in a monthly disability magazine. The last is a 27 —year-
old male with C7 tetraplegia (TP-5) secondary to SCI for 8 years who is a
wheelchair athlete (quad rugby) a PhD student (philosophy) and a counselor at an
SCI Resource Center for the state of Florida.

As noted above, the author came to the first target informant through his
solicitation of consultation for seating issues. The group of informants was then
constructed in a manner to reflect potential differences in need or issues over time
since injury, injury level, etiology, gender, age and exposure to information or

knowledge of seating and equipment issues. The final informant group ranged in
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age from 21-55 years, duration of wheelchair use from 7-40 years and included

congenital, disease acquired, and traumatic injury etiologies. There was only one
female informant but this is reflective of the ratio of men to women in the overall
population of full-time wheelchair users secondary to paralysis.

Item Generation

After the first in-depth interview was transcribed and reviewed, the author
was struck by what appeared to be four dimensions to the construct of postural
problems. Thereafter, informants would be specifically asked, at the end of an
interview if the individual felt that these four dimensions: pain/discomfort;
health/physiology; aesthetics/looks; and function were comprehensive or if
anything was lacking? Additionally, they were asked if, when considering these
dimensions, they had anything to add or had a specific question that should be
included in the tool. All five target population representatives stated that they felt
the construct was covered by these four dimensions.

The themes of the interviews and cogent points by individuals were
combined with the author’s personal clinical ideas and concepts from literature
review and a list of items was generated. Original items were written in mixed
format with questions, or statements and no effort for directionality. Once the
original list was generated, the items were modified so that they were all in the
form of declarative statements. An initial item list of 76 items was created which is
considered an adequate number for a final scale anticipated to be 16 items ’.

Next the author went through the 76 items and coded them for dimension.
One of the individual’s involved in the item development (TP-2) was also asked to
code the items. The two raters differed in the coding of 7 items (90 % agreement)
and both raters were unable to code 6 items into the four dimensions (100%
agreement). In reviewing the items that were unable to be coded, the author
determined that they were potentially important and would not be removed at this

time. These items were monitored for performance in the next stages of review.
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Relevance

The next stage of development was to identify content experts and have the
items ranked for relevance. Clinical expertise was necessary criterion ®and the
goal was for an interdisciplinary panel. Help was solicited from four rehabilitation
professionals knowledgeable in seating issues: an Occupational Therapist, a
Physical Therapist, a Nurse Practitioner and a Rehabilitation Physician.
Additionally, one of the target population representatives (TP-1) was asked to rate

the items. The content experts were given the following instructions:
The concept is perceived postural problems. The operational definition is that the
individual who uses a wheelchair has perceived a problem related to his or her current
seated posture.
Each item is a declarative statement that the individual will either agree with or disagree
with.
Please rate the following items on a scale of 1 to 4 as to how relevant the statement is to the
concept.
1= the item is not relevant to postural problems
2 = the item needs major revision to be relevant to postural problems
3 = the item needs minor revisions to be relevant to postural problems
4 = the item is relevant to postural problems.
When you have completed rating the relevance please return to the list and fill in the dimension
best categorizing the item-the key is at the bottom of the list.
1 =Pain/discomfort
2 = Aesthetics/looks
3 = Health/physiology

4 = Function

The completed relevance ratings were analyzed first for the correlations of
the dimensions with the ratings of each expert. The author determined that the
clinicians had not shown systematic bias in ratings afforded to the less medical

dimensions of ‘“aesthetics” and “function”. These two dimensions were drawn
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specifically from the target population informants and were stressed as important to

the wheelchair user.

Narrowing down the item pool

All of the items, which had 80-100% agreement in domain, and an Average
Relevance Rating (ARR) of greater than or equal to 3.0 were retained This list was
now 36 items. Next simulated answers to each item were given using the Likert
scale with four levels: totally disagree =0, somewhat disagree=1, somewhat
agree=2, totally agree =3 to see if an item would require reverse coding. Eight
items were determined to need reverse coding. At this time it was apparent that
some items needed minor revision to allow scoring. For instance, one item which
will be reverse coded, required the addition of the word “sitting”. The original item
read: “I readjust my position if I need to use both hands”. The revised item reads: “I
readjust my sitting position if I need to use both hands”.

Next items that were redundant were compared and either combined or the
“better” item selected. “Better” was a judgment call by the author with some
consideration of the expert relevance scores but this was not always deterministic.
Items with multiple cues were revised or omitted. For example the following two
items were combined. The original items read: “I know I sit with my hips forward,
it helps me to push”. And “I sit the way I do to improve my balance”. The revised
item reads: “I sit with my hips forward to improve my balance”.

After cleaning the items, the domains of the items remaining were tallied.
There were 5 items in the pain/discomfort domain, 9 in aesthetics, 7 in
physiological/health and 7 in function. It was determined to decrease all domains to
an equivalent number and five of each domain was selected. In general, items with
a higher ARR were maintained, however, in the domain of aesthetics five items
were dropped and a single item was picked up from the original item list. The

single item which reads: “I feel good about how I look sitting in my wheelchair”,
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had a ARR score of 2.8 but 100% agreement as to domain and was deemed to

cover the content of the other items.

The instrument now had 20 items, five per domain. A single item with a
ARR score of 3.6 but zero agreement for domain and was selected as an
independent item for which a score of 2 or 3 should lead to a referral regardless of
the other scores. This item, which reads, “I would like to change things about the
way I sit in my wheelchair”, will be used as a concurrent vélidity measure on
analysis of the pilot data. The average ARR for the items in the final pilot tool is
3.35, with a range from 2.8 to 4.0, 9 have 80 percent agreement for domain and the
rest (excluding the independent item) have 100 percent agreement for domain.

Content Validity Index (CVI) was calculated for the items based on the
relevance ratings from the expert panel. Using the method of CVI from Waltz and
Bausell °, CVI = the proportion of items given a 3 or 4 by all raters. There were 5
raters in this case and each rated 21 items on a 4-point scale (1-4), this results in
105 total ratings. 17 out of the 105 were not a 3 or 4. Thus, 88/105 ratings were 3
or 4 giving a CVI = .86. A minimum content validity index of 0.8 is suggested for a
new scale’.

The order of the items on the piloted instrument was randomly selected.
This decision was made over the idea of clustering the items by domain. It was
believed that random ordering would prevent fatigue biasing the results for the last
domain listed, additionally there is the potential of order effects with some
difference in answers given if domains appeared to be ordered in a prioritization.
Formatting the tool was an iterative process with many variations. The final version
was selected considering practical concerns '© of simplicity of use and ease in
scoring.
Pilot Study

A pilot study was done for psychometric testing of the instrument. University of

Washington IRB approval was received for an anonymous survey design. A
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descriptive pilot study of the scale was completed through self-report mail in

survey with subjects recruited by advertisement and fliers; snowball sampling was
used. Subjects for the pilot test were recruited from the population of community
dwelling persons who use wheelchairs full-time for mobility due to paralysis.
Participants included 41 persons with an age range from 9-68 with a mean of 41.
Years of wheelchair use ranged from 2-51 years with a mean of 17 years. Thirty-
seven participants had spinal cord injury with levels from C4- L1. The remaining 4
participants had polio, cerebral palsy (2) and spina bifida. Subjects who directly
contacted the investigator were asked to retake the questionnaire 2 weeks after the
initial completion in order to calculate test-retest reliability.

Results:

Table one shows the criterion levels for new scale item analysis® .
Cronbach’s alpha was calculated to see the internal consistency of the items. Alpha
values between 0.7 and 0.9 are hoped for to show reliability without redundancy in
the items ; in this sample the piloted instrument had an alpha =.85.

The subscales in the instrument are function, pain, aesthetics and health.
All of the subscale to total scale correlations of the piloted instrument in this
sample were significantly correlated and high, however, it is possible that pain may
have been higher than desired and a dominant component of the total scale.
Analysis showed that the subscales of the piloted instrument were not correlating in
a hoped for pattern. Although the reliability statistic alpha is a good value > .8
which is considered acceptable for a new scale, the subscale correlations and the
subscale to item correlations indicate some problems in the piloted scale.

Inspection of the descriptive statistics revealed that some items were not
powerful indicators as they showed very low variance with one item not even
representing the entire range of the scale.

Various analyses were run and it was concluded that deleting four items and

moving one item into a different subscale significantly improved the correlations.
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Systematic item analysis has led to a reduction of items for a revised final scale

with 16 items

Psychometrics of Final Instrument
Reliability

The subscales are function, pain, aesthetics and health. Subscales should
correlate to the total scale in a range from .55 to .8. All of the subscale to total
scale correlations of the final instrument in this sample are significantly correlated
and high (Table two).

Sub scales should be correlated to each other at a level of ~0.4. Table 3
below shows that the subscales are all significant and correlating above the .4

The items to subscale correlations are desired to be > .5 All of the items to
subscale correlations of the 16-item instrument were significant (p=0.01). All items
in the pain and function subscales are correlating over .5, the aesthetic subscale had
one item correlation at .457, and the health subscale has one item correlation at
A42.

Internal reliability (Cronbach’s alpha) is acceptable for a new scale with a
value of .8633 and a standardized item alpha of .8626.

Test-retest stability is illustrated by correlation of 0.7 or greater between the
total scale scores for each test. In this pilot study we had seven subjects provide
test-retest data. The total scale scores correlated at 0.7. The mean difference was
1.3 with a 95% confidence interval bounded at —4.7 and 7.2; the mean difference

was not significant.
Validity

Construct validity was established during development with the use of
target population informants and expert panel relevance rating.
Concurrent validity was evaluated with correlation of the total scale scores

with a single embedded item in the piloted instrument. The piloted version of the
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instrument had 21 items, one of which was an embedded single item for concurrent

validity analysis. It was hoped that the total scale score would be highly correlated
with this single item question. In this sample the final 16-item scale was
significantly correlated (r=.779, p=.01). The concurrent validity item was a simple
statement “I would like to change things about the way I sit in my chair”. The high
correlation shows that the scale is picking up a perception of problems with seating
and it is also hoped that it may be picking up latent concerns that are not
consciously perceived by the individual, those who do not directly know they have
seating needs.

Factor Analysis was run for a preliminary look recognizing that subject
numbers are too small (should have 10 subjects per item or 160 subjects for a valid
run) however; it appears the scale is multidimensional but it may have 3 rather than
4 factors.

Discussion:

The development of this instrument has been methodical and rigorous. All
attributes recognized by the Scientific Advisory Committee of the Medical
Outcomes Trust 11 have been considered in the development with the exception of
translation and cultural adaptation. Construct validity was established during
development with the use of target population informants and clinician experts to
establish face and content validity. Concurrent validity is established by the high
correlation to a single item (embedded). Internal reliability is shown with a
Cronbach’s alpha of .86 for a sample of community dwelling wheelchair user
(n=41). Test-retest subjects were too few to declare stability, however with 7
retests the total scale score is correlated at .7, which is the recommended value for a
new instrument. Use of the scale as a pre and post intervention measure shows
good potential. A significant difference was found when comparison was made
between post intervention total scale score and the pre intervention total scale

score. The sample size is very small with only 7 clinical cases however; the 2-
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tailed probability is .0001 with a mean difference of 18 and a 95% confidence

interval with boundaries of 13.4 and 22.6.

Conclusion:

The instrument needs further testing to establish predictive validity and
greater numbers are needed to perform a confirmatory factor analysis. The
instrument is available for use as presénted here. Researchers and clinicians are
requested to contact the author so that use of the instrument can be monitored. For
clinical use the suggested cut points for seating referral are a total scale score of 24
(50% of possible high score) or greater or any subscale score of 9 (75% of high

subscale score) or greater regardless of total scale score.

Acknowledgments:

This work was supported by NIH Training Grants TG 5T32NR 007106-04
And T32HE 7424. The author is grateful for the assistance in study design and
manuscript preparation provided by Karen Schepp PhD.

References:

1. Alm M, Gutierrez E, Hultling C, Saraste H. Clinical evaluation of seating in
persons with complete thoracic spinal cord injury. Spinal Cord. Oct
2003;41(10):563-571.

2, Bolin I, Bodin P, Kreuter M. Sitting position - posture and performance in
C5 - C6 tetraplegia. Spinal Cord. Jul 2000;38(7):425-434.

3. Dyson-Hudson TA, Kirshblum SC. Shoulder Pain in Chronic Spinal Cord
Injury, Partl: Epidemiology, Etiology and Pathomechanics. J Spinal Cord
Med. 2004;27:4-17.



10.

11.

-178 -
Hastings J, Fanucchi E, Burns S. Wheelchair configuration and Postural
Alignment in Persons with Spinal Cord Injury. Archives of Physical
Medicine Rehabilitation. 5-18-03 2003;84(April);528-534.
Fowler F. Designing and Evaluating Survey Questions. In: Fowler F, ed.
Survey Research Methods. Newbury Park, CA: Sage Publications; 1993:94-
104.
Netemeyer RG, Bearden WO, Sharma S. Scaling Procedures: Issues and
Applications. Thousand Oaks,CA: Sage Publications; 2003.
DeVellis RF. Scale Development: Theory and Applications. Vol 26. 2nd ed.
Newbury Park, CA: Sage Publications; 2003.
Grant JS, Davis LL. Focus on Quantitative Methods: Selection and Use of
Content Experts for Instrument Development. Research in Nursing &
Health. 8-17-03 1997;20:269-274.
Waltz C, Bausell R. Nursing Research: Design, Statistics and Computer
Analysis. Philadelphia: FA Davis.
Patrick D. Selecting an Instrument for Primary Data collection. In: Erickson
Pa, ed. Health Status and Health Policy. New York: Oxford University
Press; 1993:Chapter 3.
MOT SAC. Assessing health status and quality-of-life instruments:
attributes and review criteria. Quality of Life Research. 2002;11:193-205.



- 179 -
Table One: Criterion levels for New Instrument Internal Reliability

Analysis Criterion level
Cronbach’s Alpha 0.7-0.9
Subscale to total scale 0.55-0.8
Subscale to subscale 0.4

Item to subscale 0.5 or greater
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Table Two: Subscale to Total Scale Correlations

Subscales: Function Pain Aesthetics
Health

Total Scale Score Pearson Correlation J7159% 861* .788%*
786

* Correlation is significant at level of 0.01 (2 tailed)
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Table Three: Subscale-to-Subscale Pearson Correlations

Function Pain

Health

Function 1 459%*
406%

Pain 459%* 1
JT18%*

Aesthetics S588* 526%*

A407*

Health 406%* V718

1

** correlation is significant at the 0.01 level (2-tailed)
* correlation is significant at the 0.05 level (2-tailed)

Aesthetics

588%*

S526%*

407*
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