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Abstract

Background: Despite widespread clinical use of weight bearing exercises to manage low bone mineral density (BMD) in
children and adolescents with cerebral palsy (CP), previous studies have reported heterogeneous results on the effect of
weight bearing exercise on BMD. Purpose: We performed the current meta-analysis to assess the effects of weight bearing
exercise on increasing BMD in children who have CP with low BMD. Materials and methods: We searched PubMed, Cochrane,
and Embase from inception through to October 2016 for studies that aims to investigate the effect of weight bearing
exercise on BMD in children with CP. Following the searching result, the 118 relevant studies were reviewed and undergone
selection process. Standardized mean difference (SMD), 95% confidence intervals (Cls) and p-values were calculated for
analysis. Results: Three studies were ultimately included in the meta-analysis: one randomized-controlled study and two
case-controlled studies. No significant difference was observed in the BMD of the lumbar spine between before treatment
and after treatment (SMD,0.341; 95% Cl,-0.647-1.330; p=0.449) but the BMD of the femur significantly improved after
applying weight bearing exercise compared to pre-treatment values (SMD, 0.916; 95% Cl, 0.382-1.114; p<0.001).
Conclusions: Weight bearing exercise has a significant effect on improving BMD of the femur in children with CP.
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Introduction

Children and adolescents with cerebral palsy (CP) are
at risk of secondary osteoporosis because of reduced
mobility"2. Immobilization predisposes patients to bone
resorption, which can reduce bone mineral density (BMD),
and lead to an increased risk of fractures?3. Other risk factors
of low BMD in children with CP are inadequate nutrition, and
the use of anticonvulsants which may have adverse effects
on bone mineralization®. Limited outdoor activities also
cause a lack of sunlight exposure which leads to low serum
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25-hydroxy vitamin D levels. In children with CP, the annual
fracture rate is 5%, which is twice the fracture rate seen in
typically developing children. The shaft or supracondylar
region of the femur is the most common site of fractures in
children with CP>%. Significantly decreased bone density is
prevalent in non-ambulatory children with moderate - severe
CP after 10 years old. However, predicting which children will
have a fracture and when to start treatment continues to be
achallenge’.

The current definition of osteoporosis in children includes
a significant history of fracture as well as a BMD Z-score
<-2, whereas osteoporosis in adults is diagnosed with a
BMD T-score < -2.5 only®®, Fractures, especially in the lower
extremities, worsen the degree of immobilization, which
can induce lower BMD with further increases in fracture
risk'°. Thus, it is inappropriate wait until after a diagnosis of
osteoporosis to start treatment in children with CP.

Pharmacological and other conservative approaches have
been clinically used to improve low BMD in children with CP.
There is no consensus guideline in applying pharmacologic
agents in children, despite their evidences in improving
BMD''. Other conservative approaches including increasing
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sunshine exposure time, and taking dietary calcium and
vitamin D supplements are also known to be helpful in
improving low BMD in children with CP* Weight bearing
exercise is also widely used to improve BMD because
mechanical stress is an important factor in maintaining bone
health. Research has been performed to investigate the
effects of weight bearing exercise, but the results of previous
studies are too heterogeneous to draw a conclusion about
the efficacy of weight bearing exercise on increasing BMD in
CP. Thus, we searched for studies published before October
2016 and analyzed the efficacy of weight bearing exercise in
children with CP.

Materials and methods

This review was conducted based on PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
checklist'?.

Literature sources and study identification

We searched PubMed, Embase, and Cochrane from
inception of the study through October 2016 to identify
interventional studies that applied weight bearing exercise
to improve BMD in children with CP. First, we searched
PubMed records using the following criteria: (“Bone Diseases,
Metabolic” [Mesh] OR osteoporosis OR osteopenia OR bone
mineral OR bone density) AND (“Pediatrics” [Mesh] OR
child OR children OR adolescent) AND (cerebral palsy) AND
(intervention OR exercise OR rehabilitation OR physical
therapy OR physiotherapy OR weight bearing OR standing).
Second, we searched Embase using the following criteria:
(‘osteoporosis/exp OR ‘osteopenia/exp OR ‘bone mineral/exp
OR ‘bone density/exp) AND (‘child/exp OR ‘pediatrics/exp OR
‘adolescent/exp) AND (‘cerebral palsy/exp) AND (intervention
OR exercise OR rehabilitation OR ‘physical therapy’ OR
physiotherapy OR ‘weight bearing’ OR standing). Third, we
searched Cochrane using following criteria: (osteoporosis
OR osteopenia) AND (child* OR pediatric* OR adolescent*)
AND (cerebral palsy) AND (intervention OR exercise OR
rehabilitation OR physical therapy OR physiotherapy OR
weight bearing OR standing). One hundred and eighteen
studies retrieved. Two physicians screened all the titles and
abstracts independently for candidate studies and excluded
studies that applied physical intervention without weight
bearing exercise, studies that contained other osteoporosis
treatment, and studies involving other pediatric diseases. The
full texts of the screened studies were reviewed for eligibility
and disagreements between the two reviewers were resolved
by consensus. Only studies written in English were selected.

Study selection

Allstudies applying weight bearing exercise for the purpose
of improving low BMD in children with CP were included.
Studies involving other concomitant intervention procedures
were excluded. We included studies that provided both pre-
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treatment and post-treatment BMD, which are expressed in
grams per square centimeter in the lumbar spine or femur.
BMD was measured by dual energy X-ray absorptiometry
(DXA). Inclusion criteria were: (1) English-language full-test
studies; (2) participants <18 years old; (3) participants with
CP; (4) participants received physical intervention containing
weight bearing exercise; (5) studies providing both pre-
treatment and post-treatment BMD values; (6) outcome
values included BMD (g/cm?).

Data abstraction

We extracted data regarding number of patients,
treatment duration, pre- and post-treatment BMD values,
and p-values for comparisons between time intervals. In
the article by Gudjonsdottir et al.3, within one week of the
initial measurements, 4 children with CP stood for 30 min
per day, five times a week for 8 weeks in a static or dynamic
stander. The dynamic stander provided 2.0 cm of vertical
movement distance. For statistical analysis, we regarded
all participants as one group regardless of the stander
type, because both standers contained a weight bearing
component. In the article by Dalén el al.2, 4 children with
CP used a vibrating platform with standing shell for 8 or
9 months. Two of the children used the vibrating platform
for 8 to 9 months, whilst the others were controls (period
1). After 1 year, the groups were switched, with the former
controls using the platform for 8-9 months (period II) over
1 year. No instruction was given on the frequency of use
of the platform in period I, but during period Il the study
group was instructed to use the platform two to three
times per week. In the article by Chen et al.', a home-based
virtual cycling training (hVCT) program was applied for
40 min per day, three times a week, for 12 weeks to 13
children with CP. The hVCT included a loaded sit-to-stand
exercise or 20 times. The load was adjusted by adding
weight bags to a backpack worn by the participant, with
weights ranging from 0.5 to 3 kq.

Statistical analysis

BMD values, expressed in grams per square centimeter,
were analyzed statistically. Mean + standard deviation or
mean =+ standard error values of the BMD of the lumbar
spine and femur were obtained before and after treatment.
Heterogeneity was calculated with the Cochrane Q
statistic test and the F? test. The I? test describes the rate
of variation across studies due to heterogeneity rather
than chance and ranges from O (no heterogeneity) to 100
(maximum heterogeneity). All results are reported with
95% confidence intervals (Cls), and all p-values are two-
tailed. The DerSimonian-Laird random-effects model was
used when there was significant heterogeneity among
the outcomes (/2>50). This model assumes that the true
treatment effects in individual studies may be different
from one another, and that these treatment effects are
normally distributed. Outcomes that did not present
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Table 1-1. Studies to evaluate the effects of weight bearing exercise on BMD of lumbar spine.

Effects of a dynamic versus a static
Prospective | prone stander on bone mineral
case control | density and behavior in four
children with severe cerebral palsy.

GudjonsdottirB | 2002

0 Before treatment After treatment

P value
n | mean SD n mean SD

8-week standing
(2 dynamic /2 4 10.458|0.057 | 4 |0.462|0.062| 0.759
conventional)

Observations of four children with
severe cerebral palsy using a novel
dynamic platform. A case report

Prospective

DalénY. 2012
case control

8-9month, dynamic
platform with standing
swell (vibration, jump,
rotation)

4 /0383|0048 | 4 |0.423|0.051| 0034

Efficacy of home-based virtual

Randomized cycling training on bone mineral
C.-L.Chen 2013 | controlled i .q R 9 K .
studies density in ambulatory children with

cerebral palsy

12-week home-based
virtual cycling training 13 |0.584| 0.140 | 13 | 0.583 | 0.136 | 0.357
including standing

Table 1-2. Studies to evaluate the effects of weight bearing exercise on BMD of femur.

Effects of a dynamic versus a
static prone stander on bone
mineral density and behavior
in four children with severe
cerebral palsy.

Prospective

GudjonsdottirB | 2002
case control

O 0 e B Do
0 Before treatment After treatment P
n | mean SD n | mean SD value

8-week standing
(2 dynamic /2 8 | 0418 | 0.112 | 8 |0.484 | 0.095 | 0.022
conventional)

Observations of four children
Prospective | with severe cerebral palsy using

8-9 month, dynamic
flatform with standing

density in ambulatory children

studies with cerebral palsy

DalénY. 2012 . - L 8 |0.535|0.077| 8 |0.585| 0.097 | 0.012
case control | a novel dynamic platform. A case | swell (vibration, jump,
report rotation)
Randomized, Efzﬁicn:;i:ionmeo-:zzii\:TI\ri:\uea:'lal 12-week home-based
C.-L.Chen 2013 | controlled veling 9 virtual cycling training | 13 | 0.730 | 0.124 | 13 | 0.744 | 0.097 | 0.022

including standing

Table 2. Quality assessments using New Castle Ottawa scale.

New Castle Ottawa Scale

Published Year . -~

Selection Comparability Exposure
2002 Gudjonsdottir et al. *k*k* * **%*
2012 Dalén et al. *kk*k * *%*
2013 Chenetal. * k% *%* * k%

with heterogeneity (<50) were analyzed with a fixed-
effects model. The fixed-effects model uses the inverse
variance approach and assumes that all studies come
from a common population. Because of the small number
of studies, we used a funnel plot, Begqg’s test, and Egqger’s
test simultaneously to detect publication bias. Analyses
were performed by using Comprehensive Meta-Analysis
ver. 2.0 (Biostat, Englewood, NJ, USA).
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Results
Search results and characteristics

The primary search for the effect of weight bearing exercise
on low BMD in children with CP identified 154 relevant
studies, among them 36 duplicated studies were discarded.
One hundred and six studies were excluded after screening
the abstract. Nine studies were additionally excluded: two
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( N
61 potentially relevant articles 60 potentially relevant articles %3 E?;eztzlly rzlevz:\t:rticles
identified from PubMed search identified from Embase search Iseear;;\e omzechrans
36 duplicated studies were removed
106 articles were excluded
based on a review of their
abstracts
12 full-text manuscripts were
retrieved for detailed evaluation
9 articles were excluded based
on detailed examination:
- 5 data were presentedin
other measurements
3 studies (1 randomized controlled - 4 data only showed % of
and 2 case-controlled) were BMD changes or correlation
included in the meta-analysis with other variables
Figure 1. Flow diagram of the study selection process
_ J
(. N
Study name Year Statistics for each study Std diff in means
stddiff L Upper and 95%Cl
in means limit limit  p-Value
Gudjonsdottir B 2002 0168 -0.819 1.155 0.739 =
DalenY. 2012 1856 0239 3473 0.024 —
C-L.Chen 2013 -0266 -0.819 0287 0.346
0341 -0.647 1330 0499
-200 100 000 100 200
Before Tx After Tx
Study name Year Statistics for each study Std diffin means
stddiff Lower Upper and 95%Q
in means limit imit p-Value
GudjonsdottirB 2002 1.036 0.177 1.895 0.018
DalenY. 2012 1.190 0.284 2.095 0.010
C.-L.Chen 2013 0.729 0.118 1.341 0.019
0916 0479 1.352 0.000
-200 -1.00 0.00 100 2.00
Before Tx After Tx
Figure 2. Forest plot of the effects on the lumbar spine (A) and femur (B) assessed after weight bearing exercise. Std diff = standard
difference; Cl = confidence interval.
- J
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Figure 3. Funnel plots to assess publication bias in the lumbar spine (A) and in the femur (B). Std diff = standard difference.
_ J
4 N
Study name Year Statistics with study removed Std diff in means (95%
Lower Upper Cl) with study removed
Point  limit limit p-Value
Gudionsdottir B 2002 0.653 -1.407 2714 0534 ! -
DalenY. 2012 -0.162 -0.645 0.320 0.510 ‘*
C.-L Chen 2013 088 -0.750 2521 0.289
0.341 -0.647 1330 0.499
-200 -1.00 0.00 1.00 200
Before Tx After Tx
Study name Year Statigtics with study removed Std diff in means (95%
Lower Upper Cl) with study removed
Point limit limit p-Value
GudjonsdottirB 2002 0874 0.367 1.380 0.001
DalenY. 2012 0833 0.334 133 0.001
C.-L Chen 2013 1109 0.486 1.732 0.000
0916 0.479 1.352 0.000
-200 1.00 0.00 1.00 200
Before Tx After Tx
Figure 4. Forest plot of the sensitivity analysis. Assessed bone mineral density (BMD) in the lumbar spine (A) and in the femur (B). Std
diff = standard difference; Cl = confidence interval.

_

J

studies used other measurements (cancellous bone density
and bone quantitative ultrasound), three studies were
measured in VTBMD with insufficient data for meta-analysis,
and the other four studies showed only percentage change
of BMD or correlation with other variables. Finally, three
studies were included for meta-analysis. These three studies
examined the BMD of the lumbar spine and femur (Table 1-1,
Table 1-2, Figure 1). Two of the studies showed raw data of
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pre- and post-treatment BMD in both femurs, from which we
could calculate the mean, standard deviation, and p-value for
each side. The New Castle Ottawa scale was used to assess
the quality of studies included in this meta-analysis (Table 2).

Outcomes

Three studies assessed the effects of weight bearing
exercise on improving BMD after treatment. Lumbar spine
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BMD did not improve significantly after weight-bearing
exercise compared to the baseline values (standardized mean
difference [SMD], 0.341; 95% Cl, -0.647-1.330; p=0.499)
(Figure 2A). Significant inter-study heterogeneity was found
(x?=6.059, P=0.048, F=66.989%). Begg's test (p=0.30)
and Egger’s test (p=0.18) did not indicate publication bias.
A funnel plot analysis is also provided (Figure 3A). We
conducted a sensitivity analysis, which shows the statistics
with the removed study, and it also showed no significant
improvements in BMD (Figure 4A).

Femur BMD improved significantly compared with those at
baseline (SMD, 0.916;95% Cl,0.382-1.114; p<0.001) (Figure
2B). No significant inter-study heterogeneity was found
(x?=0.784, P=0.676, F=0.000%). Begg's test (p=0.30)
and Egger’s test (p=0.10) did not indicate publication bias.
A funnel plot analysis was also provided (Figure 3B). A
sensitivity analysis with the removed study also showed
significant improvements in BMD (Figure 4B).

Discussion

This meta-analysis indicates that weight bearing exercise
significantly improved the BMD in femurs compared with
pretreatment values, but had no effect on the BMD of the
lumbar spine. Mechanical stress on bone is a determinant
of bone morphology, BMD, and bone strength'>. In children
with CP who have difficulties in maintaining an upright
position, less mechanical force is transmitted to the
femurs than the lumbar spine because mechanical stress
can be imposed on the lumbar spine in a seated position.
Henderson et al. reported a 2-year longitudinal assessment
of bone density in children and adolescents with moderate
to severe CP. Bone mineral density increased an average
of 2~5% per year in the distal femur and lumbar spine. A
large variability in the changes of bone density was found
ranging from +42% per year to -31% per year'. In spite
of increases in BMD, distal femur BMD Z-scores decreased
with age in this population's. These also can be supported
by the fact that distal femur is the most common location
of fractures in children with CP¢. These previous research
results are supported by this meta-analysis.

Previously, a wide variety of weight-bearing interventions
has been evaluated. However, conflicting results were
observed in physiotherapy programs focused on weight
bearing exercise and no clear consensus has yet been
reached'. This study can be meaningful to draw a conclusion
although a small number of studies included.

The diagnostic criteria of osteoporosis in children contains
occurrence of fracture®®. However, having a fracture impairs
functional mobility which aggravates complications in
children with CP. Thus, it is important to prevent fractures
before they occur. Among the methods of reducing fracture
risk, pharmacological approaches to osteoporosis in children
have been effective in previous researches, but there is
no consensus on appropriate doses, optimal time to start
treatment, duration, or risk of uses'. Therefore, other
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conservative managements such as weight bearing exercises
may be safer in trying to increase BMD to prevent fractures.

There are several limitations to this study. First, a
small number of studies were included because of the
heterogeneity of physical intervention and measurements
used in previous researches. Various physical interventions
without weight bearing exercise were used in some of the
previous studies. Different methods to assess bone health
have been used in researches, and different measurements
such as bone mineral content and volumetric BMD have also
been used. In some studies, results were expressed only in
median, changes of BMD, or percentages, rather than mean
and p-value. Some studies were excluded because BMD was
measured in different parts of the body. It is also difficult to
measure BMD in children with CP accurately. In children with
moderate to severe CP, joint contracture, spinal deformity,
metal implants, positioning restrictions, and uncontrolled
movements limit BMD measurement. If researches use
with standardized measurement methods, more intensive
analysis can be done with larger number of studies. Second,
although this study shows the effectiveness of weight bearing
exercises, it is difficult to suggest optimal methods of weight
bearing exercise to increase BMD. Further research is needed
for this. Also, bias of individual studies can exist because of
small number of participants of included studies although it
satisfies many items of each category of New Castle Ottawa
Quality Assessment Scale.

Conclusion

Weight bearing exercise has a significant effect on
improving BMD of the femurs in children with CP. Further
analysis of randomized-controlled studies with more
participants and researches on the standardization of
protocols of weight bearing exercise are needed.
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