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Introduction

This paper intends to update previous position papers on standing devices published
through the Rehabilitation Engineering and Assistive Technology Association of North America
(RESNA).!? The current paper expands the previous focus on wheelchair standing devices to all
types of supported standing devices. The purpose of this paper is to educate and advocate for the
appropriate use of standing devices to improve the health and function of people who have
difficulty, or are unable to, independently stand for longer periods of time. Clinical reasoning is
required to apply the information in this document to unique individual cases.

Background

Supported standing programs are regularly recommended by clinicians for wheelchair
users as these individuals are at highest risk for many secondary conditions directly related to
remaining seated for prolonged periods of time.? Peer-reviewed research describes the impact of
supported standing dosage on activity of daily living performance, psychosocial well-being, and
physical benefits such as maintained or improved range of motion, muscle tone, and vital organ
capacity.!>*? Furthermore, the supported standing intervention has been shown to be feasible
and cost-effective to implement, as shown in a study examining a home standing program for
persons with Multiple Sclerosis.!? Health care professionals, families, and people with
disabilities consider supported standing a standard of care and an essential component in the
medical, habilitative, and rehabilitative care of individuals who experience difficulty
ambulating. '3

Definitions
Supported standing devices: maintain the person in a standing position. The device may also
facilitate movement from a horizontal (supine or prone) position to standing (e.g. tilt table), or
from a sitting position into a standing position (e.g. standing frame), with mechanical (non-
powered) or electric (powered) assist. While in the supported standing position, the device may
maintain the person in one space (static) or enable the user to move throughout a physical
environment (dynamic). The supported standing device may be separate from a mobility device,
requiring transfer into the device to use (such as a tilt table or standing frame), or a system
integrated into a person’s mobility device (such as a power standing system on a power
wheelchair).

Supported standing devices that facilitate repetitive or reciprocal lower extremity
movement, such as rocking, pedaling, or cycling, are beyond the scope of this review.

Device characteristic definitions
Device fit: may accommodate moderate to severe contractures (20-90 degrees hip and knee, 45
degrees ankle) and incorporate abduction (10-60 degrees total) with secondary supports. Some
devices may allow for the addition or use of a back support or a cushion for skin protection
and/or pressure redistribution purposes.
Standing Position: occurs when there is a shift from the supine or seated position of a person
toward unweighting the seated surface and bear weight into the lower extremities. Static and
dynamic supported standing devices allow for incremental transitions to achieve partial and full
upright standing position, an important feature used to customize the device to the user.

Outcome Classification



International Classification of Functioning, Disability and Health framework (ICF): describes
and organizes a standard language surrounding functioning and disability. Authored by the
World Health Organization, the ICF is known worldwide as a guide for holistic healthcare and is
recognized by the Center for Disease Control to use with individuals and populations in the
United States.'®13

Study Purpose

This paper expands and updates the RESNA Position on the Application of Wheelchair
Standing Devices? through the inclusion of literature from the last 20 years on supported
standing in both wheelchair and non-wheelchair based devices. The objectives for the study
were: 1) To update the current RESNA Position on the Application of Wheelchair Standing
Devices, 2) Perform a scoping review to identify the current evidence related to supported
standing to answer the question, “Does supported standing using a device result in changes in
ICF outcomes (body structure, body function, activity, participation, environmental, personal
attributes)?”, and 3) Understand the current evidence related to supported standing in
relationship with ICF outcomes, in order to 4) Advocate for health care insurance coverage of
supported standing devices.

Method
Design

A scoping review was initiated to explore the extent and nature of research activity, as
well as disseminate study results related to supported standing).!®!” The purpose and method
were approved by the RESNA board of directors and the Clinician Task Force (CTF) executive
board.

Search Strategy

The search strategy was established and agreed upon by the coauthors. Two librarians
consulted on the search terms utilized, and the research team agreed upon the final search terms
utilized (Appendix A). MESH terms were explored; however, were unused due to the specialized
nature of the search. The scoping review first searched terms in six databases: CINAHL, Scopus
(including Medline), Web of Science, PsycInfo, Proquest and PEDro. All databases were
searched using the same search terms and parameters. Indexed database results were imported
into Zotero, then exported into Microsoft Excel.

Inclusion and exclusion criteria

Inclusion criteria were articles published in a peer reviewed journal between January
2000 and November 2020, in the English language. The study must have included outcomes and
results for supported standing, without additional interventions (such as vibration or stepping).
Supported standing devices included tilt tables, standing wheelchairs, standing frames, and
standing shells, and they had to be used by a person with a disability.

Dissertation or thesis, opinion pieces, editorials, study trials or proposed studies,
conference proceedings, and abstracts were excluded. Additionally, studies on exoskeletons,
robotic devices, whole body vibration, parapodiums, treadmill devices, Functional Electrical
Stimulation (FES), and rocking/stepping supported standing devices were not included unless the
control group was supported standing in an included device. Systematic and scoping reviews
were also excluded.



Data extraction and analysis

One researcher extracted the results and compiled the master spreadsheet with all results.
Four researchers reviewed the titles and abstracts of the articles in the spreadsheet for
duplications and rated the articles as relevant or not relevant, with each entry being reviewed by
two researchers. All differences went to review by a third reviewer.

The full text articles for relevant titles and abstracts were extracted and each full article
was reviewed by two researchers and rated to include or exclude. All differences were reviewed
by a third researcher. Full articles were reviewed in detail for research design, study purpose,
study population and sample size, diagnoses, type of standing devices. Standing dosage and
outcomes were examined for quantitative studies as well, while thematic results were gathered
for qualitative studies. Included articles were charted and study outcomes were categorized based
on the ICF categories represented.'® Relationships between the three most cited ICF subdomains
were identified to determine which ones were discussed the most in the literature.'®

Results

A total of 1,329 articles were retrieved and
underwent review; Figure 1 provides the PRISMA
diagram of the search process. A total of 42 articles
were retrieved. Results included pediatric (n=21)
and adult (n=21) populations, and quantitative or
mixed methods studies accounted for 13 pediatric
studies and 14 adult studies (Tables 1 and 2). Most
pediatric studies utilized standing frames (n=14),
followed by power wheelchairs with standing
systems (n=4), consistent with adults (standing
frame, n=18). Furthermore, all study outcomes were  Figure 1: PRISMA Flow diagram for study
evaluated and categorized by ICF category, with all  selection

outcomes (except for one) within the Body

Functions and Activities and Participation categories (Figure 2).

Records identified through Records after duplicates,
database search (n = 1,329) older than 2000 excluded
(n=636)
Titles & abstracts screened Records excluded (n = 543)
(n=693)

Full-text articles assessed for Full-text articles excluded
eligibility (n = 150) (n=103)

Studies included in data Full-text articles excluded,
extraction (n = 47) with reasons (n =5)

‘ Total included articles (n = 42) |
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Table 1: Studies with Pediatric Subjects

Author(s) (year), Number of subjects, Type of supported Recommended

country Primary diagnosis standing device(s) frequency & duration of
standing

Audu & Daly (2017) 1, Cerebral Palsy Custom, Upright supine 5 x week

West Africa for 8 weeks

Bayley et al.(2020) 14 adolescents and Standing PWC 60 min, 7days/week

Australia parents for 16 weeks

Cankaya et al. (2017)
Turkey

25, Spina Bifida

Standing frame

2 hours, 5 days/week for 8
weeks

Capati et al. (2020)
United States

1, Cerebral Palsy

Supine stander

90 min, 5 days/week
for 15 months

Caulton et al. (2004)
United Kingdom

26, Cerebral Palsy

Standing frame

PT designated
for 9 months

Damcott et al. (2013)
United States

14, Cerebral Palsy

Commercial standing
frame

30 min, 5 days/week
for 15 months

Flodin (2007) 1, SMA Type 2 Standing frame with Progressively increased
Sweden modifications

Gibson et al. (2009) 5, Cerebral Palsy Standing frame 1 hour, 5 days/week
South Australia for 6 weeks

Goodwin et al. (2017) 91, Parents of children Standing frame 30-60min, 7 days/week
United Kingdom with Cerebral Palsy

460, Health care providers

Goodwin et al. (2019)

5, Cerebral Palsy &

Standing frames

Not described

United Kingdom support team
Gudjonsdottir & Mercer 4, Cerebral Palsy Static and Dynamic 30 min, 5 days/week
(2002) Standers for 8 weeks

United States

Herman et al. (2007)
United States

19, spastic quadriplegia

Standing frame and Tilt
table stander

30 min, 3-6 times/week
for 2 weeks

Kecskemethy et al. (2008)
United States

20, quadriplegic Cerebral
Palsy

Standing frame

30 min, 6 times/week
for 8 weeks

Macias-Merlo et al.

13, spastic diplegic

Custom standing frame

80 min, 5 days/week

(2015) Cerebral Palsy with hip abduction from 12-14months
Spain to 5 years of age
Macias-Merlo et al. 26, spastic diplegic Custom standing frame 80 min, 5 days/week
(2016) Cerebral Palsy with hip abduction from 12-14months
Spain to 5 years of age
Martinsson & 97, Cerebral Palsy Standing frame 1.5 hours, 5 days/week
Himmelmann (2011) for 1 year

Sweden

Rivi et al. (2014)

1, Cerebral Palsy

Standing frame

30 min, 5 days/week
for 4 weeks

Schofield et al. (2020) 38, DMD and clinicians Standing PWC 60 min, 5 days/week

Townsend et al. 4, Duchenne Muscular Standing PWC 3.3 hours, 5 days/week

(2016) Dystrophy for 6-12 months

Vorster et al. (2019) 12, Duchenne Muscular Standing PWC Variable, person-initiated
Dystrophy

Wort et al. (2013)

536, Cerebral Palsy

Standing frame

Not described

Note: SMA = Spinal Muscular Atrophy; DMD = Duchenne Muscular Dystrophy; PWC = power wheelchair



Table 2: Studies with Adult Subjects

Author(s) (year),
country

Number of subjects,
Primary diagnosis

Type of supported
standing device(s)

Recommended
frequency & duration of
standing

Allison & Dennett (2007) 17, CVA Upright stander 45 min, 5 days/week
United Kingdom

Bagley et al. (2005) 167, CVA Upright standing frame 26 mins x 7 days/week
United Kingdom For 2 weeks

Baker et al. (2007) 6, Multiple Sclerosis Upright standing frame 30 mins x 7 days/week
United Kingdom for 3 weeks

Bernhardt et al. (2012) 12, paraplegia, Spinal Standing frame S minutes, 1 time
United States Cord Injury

Braun et al. (2016) 28, CVA Standing Frame (control 30 min, 3-5x/week

Switzerland group) 5 weeks
Collins et al. (2010) 170, Spinal Cord Injury Not described Not described
United States

Dennett et al. (2020) 12, Multiple Sclerosis Standing frame Not described

United Kingdom

Faghri et al. (2001)
United States

14, Spinal Cord Injury

Standing frame

30 min, twice
at least 24 hours apart

Ferrarello et al. (2015) 75, CVA STANDY standing frame  20min, 5 days/week
Italy for 3 weeks

Freeman et al. (2019) 140, Multiple Sclerosis Standing frame 30 min, 3 times/week
United Kingdom for 20 weeks

Gillespie et al. (2019)
United States

1, CVA

Standing frame

380 min total standing
over 18 days

Hendrie et al. (2015)
United Kingdom

9, Multiple Sclerosis

Standing frame

30 min, 3 days/ week for
36 weeks

Hoenig et al. (2001)
United States

1, paraplegia, Spinal Cord
Injury

Standing frame

1 hour, 3-5 days/week

Krewer et al. (2015)

50, vegetative or

Tilt table

3-4 times a week

Germany minimally conscious for 3 weeks
states
Kyriakides et al. (2019) 40, Spinal Cord Injury Standing frame Not described
United Kingdom
Lee et al. (2019) 60, CVA Supine Stander 40 min, 7 days/week
Korea Standing frame for 3 weeks
Nordstrom et al. (2013) 319, congenital, acquired, Multiple None; most respondents
and other diagnoses stood 15-30 or 30-60min,
1 or more time/day
Nordstrom et al. (2013b) 15, progressive & non- Tilt table Not described
Sweden progressive diagnoses Standing frame
Standing wheelchair
Nordstrom et al. (2014) 284, congenital, acquired, Multiple Not described
and other diagnoses
Riek et al. (2008) 5, Spinal Cord Injury Custom standing frame 1 session

Shields & Dudley-
Javoroski (2005)

1, Spinal Cord Injury

Standing WC

20 min, 5 days/week
for 104 weeks

Note: CVA = Cerebral Vascular Accident



ICF Domain: Body Functions
Neuromuscular and Movement Related Functions

Research studies (n=24) in this ICF category focused on measuring supported standing’s
impact on specific components of body functions in the neuromuscular and movement related
category including range of motion, posture and positioning, muscle spasms, spasticity, and
muscle tone, and balance for adults, adolescents, and children. Age (and size) did not appear to
matter to standing position and weight bearing, as studies with adult and children participants
found that they bore approximately 75% of their weight through their lower extremities while in
a standing frame.!°2! Although type of standing device used may matter, as lower extremity
weight bearing decreased for children using a tilt table or supine stander supported standing
devices.?%?!

Weight bearing through the lower extremities with an upright trunk in a supported standing
position may influence the neuromuscular and movement related body functions positively. Hip
and ankle range of motion was statistically significantly improved in supported standing over
‘usual care’ for adults with multiple sclerosis.!®?? For children and adolescents, range of motion
improved in the hip joints with supported standing programs®*->” and knee extension,’* although
not consistently.?® Frequently, reducing risk of joint contractures was a reported reason for
engaging children in supported standing.”® However, the benefits of supported standing are not
limited to the lower extremities or children, as the standing posture improves shoulder joint
positioning when compared to sitting rest posture, weight-relief raises, transfers and standing
depression lifts?® which supports overall upper body movement.*® When lower extremity
sensation is present, the effects of supported standing can be felt in muscles and muscle groups
in adults.?*3? Furthermore, the measurable impact on spasticity described differences
contributing to statistically insignificant improvements in adults when measured by the Modified
Ashworth Scale?***3% and in a child with cerebral palsy measured with the Tardieu Scale.?®
Accordingly, meaningful reports of lowered muscle spasms were reported by supported standing
participants anecdotally>**>*¢ and with statistically insignificant changes on the Penn Spasm
Frequency Scale.??

In people with ambulatory disabilities, balance is often compromised. Many studies have
focused on the impact of supported standing on balance in adults, specifically with populations
of people recovering from an acute CVA3*¥7% and living with multiple sclerosis.!®*° For acute
recovery from stroke, supported standing program length and/or intensity may matter. Allison et
al.>’ participants scored statistically significantly higher on balance measures after 12 weeks of
standing than controls receiving only conventional physical therapy. Three week programs
demonstrated less conclusive results, with only statistically significant improvement in
Functional Ambulation Category scores.>>*® Although, Ferrarello et al.>* reported they may not
have had enough participants for statistical power, which may be substantiated as shown in Lee
et al.** in which adults post-acute CVA statistically significantly improved their anterior-
posterior and medial-lateral postural stability with and without concurrent functional electrical
stimulation after a three week supported standing program (although each study also used
different outcome measures). Longer supported standing programs (36 weeks and 20 weeks,
respectively) for people with multiple sclerosis resulted in statistically significant changes in
balance as well.3*!° Similar to adults, a study with pediatrics and adolescents engaged in an 8-
week standing program demonstrated statistically significant differences on multiple measures of
motor function when compared to a control group.*!



Functions of the cardiovascular, hematological, immunological, and respiratory systems

The function of cardiovascular and hematological systems were largely measured through
heart rate and blood pressure assessment in two studies on people with spinal cord injury.
Although heart rate is an autonomic function, factors such as the person’s activity level,
disability or injury type, and length since injury impacted its function. People with paraplegia
who regularly stood in frames were likely to experience better heart rate variability when supine
and sitting, hypothesized due to the postural changes between sitting and standing.*”> When
standing in a frame, heart rate initially increased, although stroke volume and cardiac output
decreased during the 30-minute standing duration.** The addition of FES while standing
stabilized heart rate factors further.* Similarly, when moving from sit to stand, the blood
pressure of people with complete spinal cord injury tended to decrease 7-9%, a statistically
significant amount; although, this effect was mediated by the addition of functional electric
stimulation during the transition and while standing.** Supporting the objective data, survey
respondents ranked “improves circulation” (p. 350) first, when asked why they stand.’!

Regarding the respiratory system, parents of children with Cerebral Palsy reported that
the supported standing position improved their children’s breathing.?®

Functions of the digestive, metabolic, and endocrine systems

In the research, studies (n=7) focus on the interaction of standing with the metabolic
system, and its role within the digestive process. Overall, energy expenditure in activities of
daily living is lower in people with spinal cord injury than for adults without a disability. People
with incomplete spinal cord injury found that static supported standing expended 1.17 metabolic
equivalents (MET), as measured after participating for at least 5 minutes. * Static standing
expended more energy than the person did while lying down at rest. *°

The metabolic system influences the digestive system, as does the postural changes when
moving from sitting to and from standing. Studies examined the influence of supported standing
on the ease of which bowel movements were performed, as well as frequency and occurrence of
constipation, a common comorbidity of individuals with neurological disorders. However,
frequency of bowel movements in adults showed very little change during and following
supported standing, although participants reported more control over their elimination.***
Perhaps more notable, when engaging in supported standing bowel movements occurred more
spontaneously®>%3%4¢ and with greater ease and less discomfort.?>***’ Similarly, parents (57%)
reported that with supported standing, overall bladder and bowel function improved in children
with cerebral palsy.?®

Mental Functions

Cognition, from the state of being aware to executing complex functions, can be modified
by supported standing in studies (n=15) as well. Using power wheelchair standing systems,
cognitive function was an important component for people who chose to engage in supported
standing, to learn the operation of safe power wheelchair use, and communicate concerns.'? For
people with the foundational cognitive skills, use of a power wheelchair standing device was
associated with decreased hyperactivity>* and increased independent activity initiation, which
supports the development of planning and sequencing abilities, as well as other executive
functions.>>** In contrast, static standing frames required caregivers to plan and facilitate
activities for children when standing.’® At lower stages of cognitive function, recovery may be
stimulated for adults in a vegetative or minimally conscious state by using a tilt table for
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repositioning and providing low-level sensory input, perhaps even more than supported standing
with greater sensory input using a tilt table with a robotic integrated stepping device.** Similarly,
in acute care when recovering from a stroke, participants who participated in supported standing
programs improved their cognitive status at a statistically significant level as measured by the
Mini-Mental Status Examination and Functional Independence Measure (FIM).*>*! For non-
verbal and non-ambulatory children with cerebral palsy, the experience of standing in a static or
dynamic (but not independently driven) stander appeared positive by behavior, but the children
demonstrated no to small differences by formal assessment on level of arousal, reactivity, goal
directedness, or attention span directly after a 20-minute standing session.>?

The brain directs a person’s temperament and personality, agreeableness to activities as
well as energy and motivation; all of which are subsets of the “mental functions” category within
ICF body functions. Assessment measures of mood, emotion, and behavior found improvements
after participation in supported standing in various devices,* supported by interview and
questionnaire data, 303139444850 Themeg within the interview data varied slightly based on the
type of standing device. In static standing devices, adults reported feeling more “normal” in their
standing device, *>** although educators’ views differed and conveyed that supported standing
in the device could be distracting or isolating to others.*° Participants who used wheelchair based
standing systems reported more on the device’s impact on their autonomy and
independence.>*#%4

Sensory Functions and Pain

Overall sensory function was not addressed in the included studies, but pain has been
studied (n=5) using the visual analog scale. People with complex disabilities or injuries often
experience pain on a frequent basis, which likely is not associated with supported standing.?*
Standing in a device may initiate low back, leg, or foot pain, but not to the extent that it impacts
engagement.?**%¥ It is important to consider that the type of standing device may impact the
onset of and management of pain, whether experienced prior to or concurrent with supported
standing. People using power wheelchair standing systems were able to independently adjust
their posture, either to reduce the impact of weight-bearing for a moment or alternatively to
stretch tight muscles, both with positive results reported.>*** Furthermore, although lower
extremity or back pain during and after standing is the most obvious measurement to obtain,
evidence also suggested that engagement in consistent supported standing decreased pain with
bowel movements.?

ICF Domain: Activities and Participation
Mobility

Mobility was represented in 13 studies. Pre-existing mobility status of the participants
was often a consideration for participation in standing programs. Yet, it was not always as
clearly defined as “ambulatory or non-ambulatory”.!? For individuals who use supported
standing devices, lifting and carrying objects and moving around using equipment (often
wheelchairs) were examined in research using standardized measures such as the Berg Balance
Scale, Functional Ambulation Categories, Amended Motor Club Assessment, as well as person
and caregiver self-reports. In acute care or inpatient rehab settings, supported standing programs
aim to facilitate remediation of lower extremity function toward ambulation.?>*%4%>! In addition
to reports above (in the neuromuscular body function section) on the use of voluntary muscle
control to balance, a supported standing program was thought to aid recovery from an acute
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CVA improving total assist status to moderate assist for transfers, and minimal assist for
wheelchair mobility.’! Parents similarly felt that supported standing would prepare their child for
acquiring developmental milestones related to trunk, head, and upper extremity control, standing,
and walking,?® a result of consistently applied weight bearing through the lower extremities for a
period of time.?°

The direct impact of supported standing on mobility in the home environment may be
dependent on the type of standing device. A child’s mobility assessment demonstrated
improvements in moving around and lifting items after participating in a supported standing
program.”?

In interviews, a program using a static standing frame was described to improve transfer
status, standing balance, and decrease falls,?** although the impact on falls may not be a lasting
effect, when assessed by objective measure.!? In contrast, wheelchair based standing devices
were shown to facilitate the sit to and from stand position throughout the day, and support access
to the vertical environment, a key component of lifting and carrying. A data logger on a manual
wheelchair with a standing system revealed 238 bouts (1 minute or longer) of standing in a five
month period, regularly exceeding 20 minutes a day; although this particular device was reported
to be difficult to maneuver, especially in the community.*® Adolescents who used power
wheelchair standing devices reported they were able to reach and carry items themselves, such as
in the library at school, and perform tasks with greater independence in their home and
community environments.!>*

Self-care

Overall, small improvements in independence with self-care were noted after
participation in a supported standing program (n==8). Participants who engaged in supported
standing in inpatient or subacute rehab when recovering from a CVA were observed to improve
their self-care scores on the FIM and Modified Barthel Index,***%! consistent with Wee-FIM
scores for children who stood supported for 12 weeks.*! Additionally, participants reported
improvements in self-care, including bathing, dressing, grooming (i.e. brushing teeth and hair),
and toileting, 26334933

Domestic

Engagement in domestic tasks were examined (n=6). Using static supported standing
devices, participants reported more strength gains as a result of standing in upper extremities and
trunk that allowed them to participate in household tasks seated in their MWC, although static
activities (eg. chopping vegetables) were performed while standing in the frame as well.*
Standing options on wheelchairs enabled increased independence with home management,
including remodeling, meal preparation, reaching for items and putting them away.>¢4%3
Furthermore, the domestic task of caregiving for children with Cerebral Palsy, including
managing bowel programs, dressing, and bathing, was reported to be easier when the child
engaged in static standing.>>*®

General Tasks and Demands

Studies (n=7) reveal that people use supported standing to perform activities they
uniquely desire to participate in outside of self-care and domestic tasks, and that standing may
also contribute to the person’s ability to organize their routine and handle stress. Parents
appreciated their child’s engagement in activities when using a standing frame.?® In a supported
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standing position, participants engaged in many activities, such as dart-throwing, decorating and
arranging flowers, playing fetch with their dog, and shopping in the community.?!-%365% Similar
to domestic tasks, when using a wheelchair mounted standing system people performed dynamic
tasks and described independence with tasks from setup through completion, whereas static
standing devices were related more to participation in an actual task. For adolescents,
independence improved with science lab and art class tasks at school when using a power
wheelchair standing system, and specifically when collecting needed equipment such as library
books.*’ Studies reveal that adolescents using power wheelchair standing systems also reflected
on improved mental health.?*

Interpersonal Reactions and Relationships/ Communication/ Learning and Applying Knowledge

Supported standing programs involvement in interpersonal relationships, communication,
and learning, emerged largely from interview data (n=11, with one study represented in all three
areas, and one in two). Interpersonal reactions and relationships were reflected upon by adult
participants with multiple sclerosis, who reported decreased participation in activities, feelings of
responsibility for their parental role, and resulting guilt from their altered involvement, that
revolved around their relationship roles due to their disability.** The usage of the supportive
standing made the participants feel as if they had greater impact and an active role in their
lives.*® In rehabilitation, a participant who engaged in supported standing improved their
comprehension and expression scores by one point during their stay.’! Separately, these feelings
were not substantiated by people recovering from a CVA who utilized a standing frame for two
weeks or their caregivers by assessment.>*

The impact of supported standing on communication and learning was more often
addressed in pediatric and adolescent studies, although peer relations were described as well.
Power wheelchair standing system use was associated with decreased hyperactivity and
improved peer and caregiver relations.”**’ For nonverbal children and those with Cerebral Palsy,
communication improved in static standing frames as the standing posture enabled eye contact,
peer interaction, and increased communication and vocalizations.?>%2

ICF Domain: Body Structures
Structures Related to Movement

Lower extremity body structures have been studied (n=8), showing evidence that
supported standing positively impacts bone health. In children with Cerebral Palsy, participation
in supported standing programs over early childhood years has shown to reduce the percentage
of hip migration experienced, with or without other intervention such as surgery.>>-® Similarly,
pediatrics may be more at risk for fractures if they do not participate in a supported standing
program.®’ These results are supported by clinician and parent reports.?® This may be related to
weight-bearing impact on stressing the bone, which may improve bone mineral density;
although, this metric may depend on the location for which the BMD measurement is observed.
Lumbar BMD in adolescents with DMD maintained or decreased with supported standing
intervention over 6-12 months,>® but maintained or improved in children with cerebral palsy,
especially when the standing time increased over the intervention period.’>® Lower extremity
BMD was examined more often, although various components of BMD were measured. In
children with cerebral palsy, the results of lower extremity BMD tests were inconsistent,
maintaining or improving BMD minimally during supported standing programs.>>%
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Discussion

Overall, the results largely focused on measuring functional outcomes related to body
functions and activities and participation. The contrast between the amount of body function and
activity and participation outcomes related to the body structures is expected, as rehabilitation
and restorative program outcomes predominantly focus on functional outcomes (changes in the
way the body moves, thinks, and does), rather than diagnosing or measuring direct impact on
body structures themselves.

The studies utilized a variety of populations and outcome measures. Most pediatric
studies focused on children with Cerebral Palsy, while the majority of adult studies utilized
populations of people with Spinal Cord Injury. Outcomes were greatest in number in the
neuromuscular function subdomain, a logical domain to examine the effects of supported
standing, and the measuring devices utilized were mostly established and commonly used
assessments. Yet, systems for assessing outcomes related to muscle tone and spasms may benefit
from more objective and sensitive measures, as measurement method may have contributed to
differences that did not achieve the statical significant improvements in this area 22233334 ag other
studies have reported statistically significant results.* Similarly, in the related subdomain of
digestive function, greater use of objective and systematic measures during the intervention and
also during a baseline period prior to the intervention period, may evaluate the impact of
supported standing more succinctly.

Represented ICF categories were expected, with one major exception: the body function
related to functions of the skin and related structures. Although the impact of standing on the
hematological system indirectly addressed skin integrity,*'* it was not directly measured.
However, related literature reports that people with ambulatory disabilities, supported standing is
related to decreased pressure injuries®*-%? and temperature reductions in the skin.®® Furthermore,
the supported standing position has been identified as the only pressure relief position which
reduces load at both the seat and back at the same time.** This oversight appears to be related to
search term usage, as we did not directly explore pressure injuries or skin integrity related to
wheelchair use, and primarily focused on search terms related to supported standing devices.

Type of supported standing device and ICF outcomes

The overall impact of the supported standing device is important to explore further, as
health care funding varies and may only cover one type of standing device, or nothing at all. In
this review, the type of supported standing device utilized in the study impacted the research and
clinical outcomes in various ways. Supported standing devices such as upright standers, standing
frames, supine standers, and tilt tables, as well as dynamic standing devices such as power
wheelchairs with standing systems, were represented in the reviewed studies. The results
revealed that all types of devices supported an improved health or function, and positively
impacted the person’s medical status; however, with similarities and differences. For example,
the cognitive measures revealed the benefit from engagement in supported standing, but different
devices were appropriate for different populations. People with low level cognitive states
benefited from supported standing in tilt table or static standing frames, which improved global
awareness,>* while people with higher level cognitive skills utilized dynamic supported standing
devices, allowing them to execute tasks from the planning and set-up through completion and
clean-up 32434

Comparing and contrasting the devices’ impact on activities and participation, both types
of supported standing devices positively impacted task participation. People in supported
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standing devices engaged in activities and found meaning in their participation.’** Yet, dynamic
supported standing devices provided a platform for the study participants to engage fully with
less external assistance and also at the same level as peers, without further environmental
modifications.’®*> The contribution of powered, dynamic supported standing devices to
facilitate task performance under the activities and participation domain of the ICF continues to
be emphasized in current research.®’

The increased environmental accessibility with dynamic supported standing devices also
impacted health in a variety of ways. In literature, supported standing is considered ‘exercise’ for
a pediatric or adult wheelchair user °*%; however, with lower metabolic expenditure than an
ambulatory person may experience.*’ Engaging in functional activities while standing has
potential to exponentiate the wheelchair user’s metabolic expenditure.*> Furthermore, the
dynamic device allowed them to control their position as sitting or standing. This is important in
activity engagement, but also the frequent transitions between sitting and standing are considered
to impact bone health more than prolonged, but less frequent, standing.®” If the person is
appropriate for a dynamic supported standing device, the research shows that performance and
participation in daily tasks are likely to improve as a result of having control over their standing
movement, instead of statically standing.

Healthcare funding sources should consider these outcomes when examining policy and
coverage, as the unique device characteristics relate directly to utilization. The person’s
individual context, their abilities and preferences, available storage space, and financial situation
should be factors in the choice,”®’" and a wide variety of device options should be available
through healthcare funding sources to accommodate various situations.

Standing Dosage

The amount of standing time, or dosage, required to impact physical and psychosocial
well-being will be dependent on the individual’s personal context, including their medical status,
environment, standing device, and more. The evidence supports initial engagement in supported
standing as close to the initial need as possible. From the developmental stage of weight bearing
at 9 months (adjusted age), clinical practice guideline recommendations report in favor of
supported standing for infants and children with or at high risk for Cerebral Palsy.'"’”> For
acquired conditions, supported standing programs may more effectively achieve results if
implemented early in recovery.”> When implementing a supported standing program for people
who have not stood for a period of time, an accommodation stage may be required, titled by
Townsend et al.” as a “safety and tolerability trial” (p. 4) in which the person slowly builds their
tolerance for standing and determines if a standing program is a feasible option. Accommodation
periods are very appropriate to explore, should be communicated about with the patient, and
ideally built into the clinical process when matching a person with a home standing device.

Recommended standing dosage for effecting body functions varies for range of motion,
muscle tone and spasms, and balance. Studies on adults have shown changes in lower extremity
range of motion when standing 30 minutes, three times a week,'*** while in pediatric studies,
children stood three to five times a week for 60 to 90 minutes per day.>*?” Changes in muscle
tone or spasms appeared to require more frequent standing, at least thirty minutes a day for five
to seven days a week;*>?33334 while balance changes occurred with standing dosages in between
those for range of motion and muscle tone.'%**37384% While many of these studies recommended
daily supporting standing durations, many broke the standing time up between two or more
sessions within the day. These results add to previous systematic reviews on supported standing,
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where pediatric supported standing 30 to 90 minutes a day was recommended to impact
neuromuscular body functions® and adult supported standing 30 to 60 minutes a day was
recommended for activities of daily living participation and body functions.’

For activities and participation, positive outcomes may occur with less standing duration.
Additionally, frequency of standing may rise while duration may decrease with dynamic
standing devices.*

Precautions

The population of people who use supported standing devices should be aware of
potential risks to standing, although actual occurrences of incidences in the reviewed studies
were rare. Dicianno et al.? reported precautions of orthostatic hypotension and fracture risk for
people with poor bone health. Additionally, the person should be assessed for standing tolerance
prior to trial in a supported standing device. This should consider joint mobility, to ensure that
the person can accommodate an upright or nearly upright position, in both their lower extremities
and trunk, to ensure that the stander can accommodate unique positioning needs.? Skin integrity
should be examined prior to performing the sit to stand motion, to reduce risk of shearing.

Limitations

This study presents potential limitations. The search terms and inclusion criteria used to
recruit articles may have unintentionally excluded desired articles, such as those regarding
pressure injuries and the integumentary body structure. Articles written in only the English
language may have limited important international studies. Similarly, selection bias during the
title and abstract and full article reviews may have limited the articles included. Some of the
included studies lacked methods inhibiting generalizability, for example, the inclusion of four
pediatric and three adult case studies. Future studies should include detail on the type of stander
utilized, the standing position, and measure amount of weight bearing through all support
surfaces including the feet.

Summary

Supported standing programs contribute to the health and wellness of people who are
unable to or have difficulty ambulating, impacting their body functions and structures as well as
their activities and participation. Examining dosage across the studies indicated that the best
outcomes were met with frequent standing, and that the supported standing device must fit the
person’s body, daily routine, home, and community environments to ensure that they can
maximize use without undue reliance on others. Supported standing programs are an evidence-
based strategy to support prevention of comorbidities accrued from prolonged sitting.> The use of
supported standing devices is well established in the literature and should no longer be
considered experimental or a convenience. Third party payors should fund supported standing
devices that are and are not incorporated into a mobility device, to ensure access to appropriate
supported standing equipment that is specific to the beneficiary’s needs.
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Appendix A: Search terms

((“supported standing”) OR (“standing wheelchair”) OR (“standing frame™’) OR (standing AND
“assistive technology”) OR (stander AND (therapy OR “cerebral palsy” OR “muscular
dystrophy” OR “spinal muscular atrophy” OR "assistive technology” OR “brain injury” OR
“multiple sclerosis” OR “acquired brain”)))
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