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Pediatric Orthopedics Series

Considerations Related to Weight-Bearing Programs in
Children with Developmental Disabilities

Standing is a common modality used in the management of children with devel-
opmental disabilities. The purpose of this article is to examine the scientific basis
Jfor standing programs, with specific emphasis on the known effects of weight bear-
ing on bone development. Guidelines for the use of standing programs are pre-
sented, and the supporting rationale is discussed. [Stuberg WA. Considerations re-
lated to weight-bearing programs in children with developmental disabilities. Phys
Ther. 1992,72:35-40]

Key Words: Bone development; Child development disorders; Kinesiology/biome-

chanics, general; Orthopedics, general; Pediatrics, development.

The use of standing is common to
physical therapy management of chil-
dren with developmental disabilities
who are chronologically older than
14 to 16 months of age. Although
therapists strive for standing without
the use of orthoses or adaptive equip-
ment, external support devices are
prescribed when active control is in-
adequate or absent. A standing pro-
gram refers to the use of orthoses or
adaptive equipment to position a
child in standing when motor control
is inadequate to allow standing with-
out such devices.

Standing programs have been rec-
ommended for children who have
limited mobility in upright posture,
including children with cerebral
palsy (CP),1-3 meningomyelocele,?
muscular dystrophy,5 and osteogen-
esis imperfecta.-8 The use of adap-
tive equipment or orthoses has
been an accepted method of provid-

ing weight bearing in standing for
these children. The efficacy of these
standing programs has not been
thoroughly examined.

The literature has few data-based
studies that outline guidelines for
standing programs. Clinicians must
judge frequency, duration, and device
type when recommending standing
programs, and, because no standards
exist, decisions are left to the clini-
cian’s intuition or experience. The
purpose of this article is to examine
the basis for standing programs for
children with developmental disabili-
ties. Specific emphasis is placed on
the effects of weight bearing on bone
development. Methodologies for as-
sessing bone development will first
be discussed, followed by a review of
the factors known to affect bone de-
velopment. Guidelines for standing
programs will then be recommended.

WA Stuberg, PhD, PT, is Director of Physical Therapy, Meyer Rehabilitation Institute, Associate Pro-
fessor, Division of Physical Therapy Education, and Assistant Professor, Department of Anatomy,
University of Nebraska Medical Center, 600 S 42nd St, Omaha, NE 68198-5450 (USA).
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Measurement of Bone
Mineral Content/Density

Little is known about the effects of
weight bearing on the development
of bone in children.23 Measurement
of linear growth in bone is possible
through the use of standard roentgen-
ograms. Techniques to assess bone
mass are single-photon absorptiome-
try (SPA), dual-photon absorptiometry
(DPA), and quantitative computed
tomography (QCT).° Single-photon
absorptiometry detects differential
photon absorption between bone and
soft tissue to allow calculation of bone
mineral content (BMC) and is limited
to use at peripheral sites such as the
radius, By contrast, DPA, which emits
two different gamma energies and
permits direct measurement of BMC
and bone mineral density (BMD) (ie,
the BMC per unit of area scanned),
can be used to measure the hip,
spine, or total body. Neither SPA nor
DPA can discriminate between cortical
and trabecular bone. Quantitative
computed tomography is used specifi-
cally to evaluate trabecular versus cor-
tical BMC.
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The assessment of modeling changes
of bone secondary to standing pro-
grams or other loading stimuli is pos-
sible through the use of DPA and
QCT. Research to assess fracture risk
and to determine optimal guidelines
for standing programs to maintain
joint alignment or facilitate bony de-
velopment is needed.

Factors Affecting
Bony Development

Normal bone growth and develop-
ment is affected by factors including
genetic coding,1%12 nutrition,'3 appro-
priate levels of some nutrients and
hormones (eg, vitamin D, calcium,
estrogen, parathyroid hormone),1415
and mechanical loading through
weight bearing and muscle tension.!¢
In weight-bearing bones, where loco-
motion efficiency depends in part on
bone mass, dynamic strains are essen-
tial to maintain bone mass.'* Dynamic
strains are repetitive forces that cause
minute deformation of the bone. Ac-
tivity level has been found to be a
major determinant in the develop-
ment of BMC. Disuse, decreased activ-
ity, and non—weight bearing have
been shown to precipitate a loss of
0.4% to 0.6% per month in adults
without developmental disabili-
ties.17-19 The early bone loss during
disuse has been reported to be pri-
marily in trabecular versus cortical
bone because of the rapid metabolic
turnover of trabecular bone.2¢

Donaldson and associates?® studied
the effects of a bed-rest program on
nondisabled men aged 21 to 27 years.
The duration of bed rest was 30
weeks for one subject and 36 weeks
for two subjects. Serum calcium levels
and BMC were assessed. A 25% to
449% loss of BMC was recorded in the
calcaneus from week 12 until the end
of the trial. During a 36-week exercise
program following termination of bed
rest, the subjects recovered BMC at
approximately the same rate at which
they lost BMC during bed rest.
Issekutz and colleagues!” used a
7-week bed-rest program to study the
effects of bed rest on urinary calcium
levels in 14 nondisabled male subjects
(18-21 years of age). One half of the
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subjects exercised while in bed; the
other subjects were sedentary. The
authors reported that a 1-hour-per-day
exercise program, not including
weight bearing, was not effective in
retarding urinary calcium loss. The
researchers, however, did report that
other preliminary work demonstrated
that 2 to 3 hours of passive standing
on a daily basis, used in conjunction
with bed rest, was effective in retard-
ing urinary calcium loss.

The effects of mechanical forces on
the development and remodeling of
the skeleton have been studied exten-
sively for over a century. Wolff's law
states that the remodeling of bone
occurs in the presence or absence of
physical forces, that is, that bone is
deposited in sites subjected to ade-
quate force and is resorbed when
forces are reduced.?! Recently, Frost??
has made significant contributions to
the understanding of bone dynamics
by introducing the principle of “flex-
ure drift.” The principle pertains to
the macroarchitectural responses of
bone to dynamic bending strain 2223
As Frost’s principle applies to this arti-
cle, the important points are

1. The stimulus for remodeling is
mechanical strain (deformation),
not stress (pressure), and specifi-
cally repetitive, dynamic flexure
caused by repetitive mechanical
loading on the bone.

2. The response will occur to time-
averaged, repetitive strains versus
single or occasional strains, with
the relative rate, frequency, and
magnitude of the strain being
unknown.

3. Strains must be provided within
physiological limits that achieve the
desired response (eg, greater strain
to induce greater change).

Electrical potentials resulting from
repetitive, dynamic strain have been
directly measured within bone.24-26
Wolff's law and Frost’s principle of
flexural drift, therefore, may be medi-
ated by electrical potentials.?42?5 The
electric potentials created during
strain of the bone are thought to sig-

nal osteoclastic and osteoblastic cells
directly, thus mediating the modeling
response. Although the presence of
electrokinetic poteatials have been
recorded in vivo and in vitro, their
role in the modeling process has not
been fully elucidated.2¢

Specificity of Weight-Bearing
Stimulus to Model Bone

Results in Animal Studies

Lanyon and colleagues?> hypothesized
that the first response to loading is a
decrease in osteoclastic activity and
that only with continued stimuli does
osteoblastic activity lead to bone for-
mation. Weight-bearing activities have
resulted in increased bone mass and
resistance to bending or fracture in
animals, including mice,2’-?° roost-
ers,3° and dogs.3! Hert and col-
leagues3? pioneered a technique of
applying known loads to bones in
vivo using the rabbit. Rubin and
Lanyon3%33 applied the technique to
isolated rooster and turkey ulna
preparations using implanted strain
gauges. They explored the effect of
load duration with static versus in-
termittent loading and load magni-
tude on bone mass and architecture.
Immobilization with static loading
led to rapid and significant bone
loss when the load was applied over
an 8-week period. This loss was rep-
resented by a 15% to 20% reduction
in cross-sectional area. These results
confirmed the findings of earlier
studies.27.32.34

Intermittent loading, in contrast to
static loading, has been found to re-
tard bone loss. Lanyon and co-
workers?!3:3035 studied the effect of
intermittent loading at levels mea-
sured by in vivo strain gauges during
wing flapping on bone loss in rooster
and turkey ulnas. They applied inter-
mittent loading for 0, 4, 36, 360, or
1,800 consecutive loading cycles of
0.5 Hz per day for 6 weeks. The four-
cycle regimen proved adequate for
retarding bone loss, and the 36-cycle
regimen demonstrated a 40% increase
in BMC, a value that was not signifi-
cantly improved by the addition of a
greater number of loading cycles.
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Rubin and Lanyon36 also examined
the effect of load magnitude by vary-
ing the strain load from 15% to 100%
of physiologic levels at a constant load
frequency of 100 consecutive daily
reversals over an 8-week period.
Maintenance of original bone area
was achieved with a strain load corre-
sponding to 30% of strain levels as-
certained during wing flapping.

Strains greater than 30% showed an
incremental increase in the amount of
bone deposited, with the greatest
amount recorded following the high-
est strain.

Results in Human Studies

Weight bearing has been described as
a key component in decreasing the
likelihood of osteoporosis in nondis-
abled adults.37-3° The effects of weight
bearing and exercise on BMD have
been documented in studies of os-
teoporosis in postmenopausal wom-
en.40-43 The results of these studies
consistently showed increased BMD
as a benefit of weight bearing and
exercise.

In a study of 64 male athletes who
participated in full-scale physical
exercise programs versus 39 nondis-
abled, age-matched, sedentary male
subjects, Nilsson and Westlin** re-
ported athletes to have greater
BMD. Bone mineral density is task
related, with greater densities re-
corded in weight lifiers and football
players than in runners or swim-
mers.4546 Activity-related differences
in BMD within an individual dem-
onstrate the importance of mechani-
cal loading in the development of
BMD. An example is the significantly
higher BMC in the dominant wrist
than in the nondominant wrist of
professional tennis players.4”

No studies describing the effects of
standing programs on bone modeling
for children with developmental dis-
abilities have been published. Re-
search is currently underway, how-
ever, in a group of 20 children with
CP who are nonambulatory and using
standing programs in their educa-
tional settings.484° Preliminary results
indicate that BMD is significantly less

in nonambulatory children with se-
vere to profound CP than in children
who are nondisabled. Bone mineral
density measurements of the patella,
tibial plateau, and supracondylar fe-
mur of children with CP demonsirate
values of one third to one half of
those of age-matched peers without
disabilities.4® Additionally, use of a
standing program of 60 minutes’ du-
ration four or five times per week
appears to result in increased BMD
measurements.* Reduction of BMD
was observed upon removal of the
standing program for even a short
period of time (ie, summer break) or
when the standing program had an
average duration of 30 minutes and a
frequency of three times per week %

Acetabular development appears to be
dependent on articulation of the fem-
oral head in the acetabulum and is
promoted through weight bear-
ing.59-54 The findings of Phelps>° have
been substantiated by Howard et al>?
and Samilson et al>* regarding the
significant role of weight bearing on
the development of the acetabulum in
children with CP. The use of standing
programs to enhance acetabular de-
velopment appears valid. The justifi-
cation for the use of standing pro-
grams to facilitate acetabular
development is particularly strong
for children with CP, as hip dyspla-
sia is typically not present at birth
in these children.50.53.54

Clinical Implications

Children who are known or sus-
pected to have decreased bone mass
or bone density should be considered
candidates for standing programs. If
the results of animal studies of the
effect of mechanical loading on bone
are applicable to humans (and the
similarities across species suggest the
assumption may be valid), then im-
portant implications can be drawn
from these studies about standing
programs in children with develop-
mental disabilities. Although specific
guidelines for selected disabilities are
included in the “Additional Consider-
ations” section later in the article, I
believe the following guidelines can
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be used as a general framework in
prescribing a standing program.

Guidelines for
Standing Programs

Amount of weight bearing in
standing. Results of research using
the turkey ulna indicate that strain
loads as small as 15% to 30% may
have a sparing effect if the loading
frequency is adequate.33 Maximal
strain levels were established by di-
rect strain-gauge measurements of the
turkey ulna during vigorous wing
flapping.35 The strain level to stimu-
late bone modeling in children has
not been ascertained. If we assurne,
however, that the force exerted
through the lower extremities during
standing is within the range to stimu-
late bone homeostasis and possibly
deposition, then standing programs
may be an effective stimulus to bone
development in children.

The amount of weight bearing that a
child is receiving in standing should
be ascertained if the goal of the pro-
gram is to stimulate bone develop-
ment. The type of orthosis or adaptive
equipment used by a child can be-
come important if the equipment
redistributes the vertical load by
supporting the torso or lower
extremities. For example, a child
tilted 50 degrees from vertical on a
prone stander with the child’s arms
supported may be placing only one
half of the body weight through the
legs.55 Miedaner> and Curtis¢ have
both reported that widely used stand-
ing devices such as prone or supine
standers allow loading of up to 70%
to 75% of body weight if the devices
are adjusted near vertical. I suggest
that therapists check for the amount
of vertical loading by placing a scale
or pressure gauge under the child’s
feet. In using orthoses, such as knee-
ankle-foot orthoses or any orthotic
device that supports the legs or torso,
the pressure on the bottom of the
foot in the brace should be measured.

Standing duration. Duration of the
standing program is variable, depen-
dent on whether the goal is bone de-
velopment, acetabular development,
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or contracture management. A stand-
ing program of 2 to 3 hours per day
for adults has been reported to retard
bone resorption.17:5758 Preliminary
work I have conducted indicates that
a duration of at least 60 minutes, in
conjunction with a frequency of four
or five times per week, is needed to
retard bone loss in children with CP
who are nonambulatory.

Phelps5° recommends beginning
weight-bearing programs as early as
12 1o 16 months of age in children
with CP who are at risk for hip dislo-
cation. Phelps reports using a proto-
col of 3 hours daily with no more
than 1 hour at a time. The report by
Phelps, however, is anecdotal, without
objective outcome measures.

Standing programs of approximately
45 minutes’ duration, three times
daily, are also reported to control
contractures of the lower extremity
and to facilitate bone development in
children with CP,' muscular dystro-
phy,% and meningomyelocele. ¢ Spe-
cific guidelines to control contrac-
tures in children with spastic CP have
been advocated by Tardieu and col-
leagues®! and include elongation of
the muscle for at least 4 hours daily.

Standing frequency. According to
animal studies, if loading is near phys-
iologic levels, then a frequency of
only four loading cycles per day over
a period of 2 weeks would be needed
to maintain and possibly stimulate
additional bone formation3¢ The du-
ration of the loading cycle was 0.5
seconds for the animal model experi-
ment.35 Perhaps these four cycles
could be carried out in a single ses-
sion; however, the practice advocated
by researchers thus far is daily stand-
ing or standing for a minimum of
four times per week.49.50.5960

Smith® has recommended a three-
times-per-week frequency of weight
bearing for elderly adults to retard
osteoporosis. Based on a review of
current practice and animal studies,

I believe that children should partici-
pate in a standing program at least
four or five times per week for a du-
ration of about 60 minutes to facilitate

48/38

bone development. Standing at a fre-
quency of two or three times daily for
a duration of 45 minutes should be
considered as an adjunct to a posi-
tioning program to control lower-
extremity flexion contractures.

Additionai Considerations

Chronological age, as opposed to de-
velopmental age, is the most common
criterion for the use of standing pro-
grams chosen by many orthopedists,
with the standing program beginning
when the child is approximately 12 to
16 months of age.595! Developmental
age may be a more appropriate crite-
rion for the use of a standing pro-
gram for some children, particularly
when orthopedic management goals
do not preclude postponing the onset
of standing. Additionally, standing
without appropriate postural support
may be detrimental to the child with
spasticity, regardless of the age crite-
rion used. Standing equipment should
provide correct anatomical alignment
of the torso and lower extremities. As
most standing devices (eg, a prone or
supine stander) do not typically pro-
vide distal control, splints or orthoses
should be considered.

Monitoring of children’s nutritional
programs by a dietitian or nutritionist
is recommended, particularly for chil-
dren who are significantly below the
normal range on the growth curve or
who have osteoporosis. Inadequate
dietary intake of calcium or other nu-
trients required for development of
bone mass and bone density will have
a detrimental effect, regardless of the
appropriateness of the standing or
activity program.3841

The use of standing programs for
children who have high-lumbar or
thoracic meningomyelocele is encour-
aged by several researchers.s3-65
Rosenstein et als¢ have reported a
direct relationship among ambulatory
status, lesion level, and the develop-
ment of BMD in children with menin-
gomyelocele. In comparison with
nonambulators, a 38% increase of
BMD at the tibia and a 44% increase
at the first metatarsal were reported.
The use of standing and walking pro-

grams for adolescents with high-level
defects (eg, thoracic lesions) is contro-
versial, however, because, by adoles-
cence, 70% to 90% of these individuals
use wheelchairs for mobility.6367 Ma-
zur and colleagues$> compared 36 chil-
dren with high-level defects who par-
ticipated in a standing and walking
program with 36 children for whom
wheelchair use had been prescribed.
The standing program guidelines were
not described. The authors reported
that 33% of the children in the stand-
ing and walking group were able to
walk around the community, 20%
walked around the home only, and
47% were nonwalkers at the comple-
tion of the study. The children who
walked early had fewer fractures and
were more independent in transfer
skills; however, this group had also
spent more days in the hospital and
were not significantly different from
the children who used wheelchairs
with regard to skills of daily living.

Standing programs and the prolonga-
tion of walking through the use of
orthoses are common for children
with Duchenne’s muscular dystrophy.
Spencer and Vignos®® have reported a
dramatic improvement in functional
capacity and increased longevity of

2 to 4 years when standing and walk-
ing is prolonged through the use of
orthoses and adaptive equipment.
Vignos et al*® recommended that
standing programs be incorporated
into the classroom routine for the
nonambulatory school-aged child for
at least 3 hours daily. Contracture pro-
gression and excessive physical size
are primary factors to be considered
in discontinuing the standing pro-
gram. Progression of contractures re-
sults in inability to wear orthoses be-
cause of skin breakdown and in
inability to allow correct alignment in
standing. Excessive physical size in-
creases the risk of injury to the child
or caregiver by making transfers
difficult.

The use of standing programs for
children with osteogenesis imperfecta
is recommended by most experts;
however, the recommended duration
of the program has not been speci-
fied.¢8 The use of specialized or-
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thoses, including contoured orthoses”
or vacuum pants,2 is reported to pro-
vide support and reduce the risk of
fracture during weight bearing.

Conclusions

Standing programs have been shown
to have an effect on bone develop-
ment in humans and animals. Bone
mineral density has been demon-
strated to increase with exercise pro-
grams that provide a physiologic stim-
ulus for bone modeling. Intermittent
loading appears to be a key stimulus
during standing, as opposed to in-
creasing the time of a static program.
Therefore, active participation from
the child is recommended to increase
strain on the bone through muscle
activity.

Reports in the literature indicate there
is a decreased incidence of contrac-
tures and fractures in children with
developmental disabilities who partic-
ipate in standing programs.46-8:5 Al-
though suggestions related to stand-
ing have been introduced in this
article, programs for contracture man-
agement and fracture prevention need
to be elucidated further. No guide-
lines have been developed to ascer-
tain fracture risk for children with
developmental disabilities. Further
study could have a significant effect
on the use of standing programs as a
management modality for contrac-
tures and fractures.

As loading with a constant pressure
has not been found to be an effective
stimulus for bone modeling in ani-
mals, an apparent CONtroversy exists
regarding the current method of us-
ing static programs in humans 3435
Perhaps static standing programs us-
ing orthoses or adaptive equipment
are not truly static, because some mo-
tion is allowed. Anecdotal evidence
for the use of standing programs for
children with developmental disabili-
ties has been demonstrated, and, until
a more efficacious method of provid-
ing mechanical stimulation to the
bone is identified, the use of standing
programs with loading administered
for at least 60 minutes, four or five
times per week, is recommended

as a general guideline for bone
development 48-5059.60.62
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