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Abstract

A metal oxide glass containing
GeO,, MoO3 and V,05 (GMV) was made
up to act as sintering aid to enhance the
densification and to vary the dielectric
property of SnO,. The influence of GMV
glass concentration on the densification
behavior and dielectric properties of SnO;
was investigated by dilatometer, x-ray
diffractometer, scan electron microscopy.
The ideal of addition of glass not only
was found to assist the SnO; particles
shrinkage, but also to increase the grain
size of SnO,. The glass additive formed
a thin continuous liquid phase and

rearranged SnO; particles into a dense
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microstructure at much low temperature.

The dielectric constants of SnO, were
ranged from 8 to 15 depending on the
concentration of glass additive, while the
dielectric loss was decreased with the
glass concentration as a result of denser

SnO, microstructure.

Keywords: densification, microstructure,

electrical property, liquid phase.



7. Introduction

I

SnO2 polycrystalline ceramics are
n-type semiconductors that have been
widely used as gas sensors, as electrodes
for electric glass melting furnaces and,
in thin films, as electrochromic devices,
crystal displays, photodetectors, solar
cells and protective coatings. However,
the use of SnO2 ceramics is limited by
the low densification of this oxide during
sintering because of the dominance of
non-densifying mechanisms for mass
transport such as surface diffusion or
evaporation-condensation. The high
density of SnOz ceramics can be obtained
by hot isostatic pressing (HIP) or with
the help of an additive like ZrO2, MnOz,
CuO, Li2CO3, ZnO, Nb20s, Fe203 or
C0203 [1-6]. These oxides serve as
sintering aid that assist SnO2 ceramics to
densify at a lower sintering temperature.
Although in the solid state sintering,
densification can be enhanced by the
formation of defects due to the dissolution
of additive derived species and oxygen
vacancies in the SnO2 network. However,

SnO2 ceramics are very sensitive to the
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atmosphere, the interaction of gases with
the SnO2 surface promotes charge transfer
and defects creation during sintering
of this oxide. As a result, larger grains
of SnO2 microstructure will present as
well as larger pores. This is not ideal
microstructure for many applications.
Applying a liquid-phase sintering
process, refractory ceramics can be
sintered at lower temperature by forming
thin continuous or semicontinuous liquid
phases at grain boundaries [7-10]. During
sintering, the ceramic particles are soluble
in the liquid. This solubility causes the
liquid to wet the solid, leading a capillary
force that pulls the particles together.
At the same time, the high temperature
softens the solids, further promoting
densification. High-diffusion rates are
also associated with liquids, resulting fast
sintering or lower sintering temperatures.
In this work, we have designed a unique
glass composition containing GeO2,
MoOs3 and V205 as a sintering aid that
allows the SnO2 to densify at much low
temperatures by viscous flow and liquid-
phase sintering mechanisms. On the other

hand, this glass additive can also adjust



the dielectric constant of SnO2 by varying
the concentration of glass additive. The
effect of the glass concentration on the
densification behavior, microstructure
and dielectric properties of SnO2 were

investigated.

2. Experimental

The glass composition used as
sintering aid was made up of GeOa2,
MoO3, V205 in 1:1:3 molar proportion
(all with purity >99.99%, Aldrich, St.
Louis, USA). The traditional twin-
roller quencher is used to prepare glass
additives. The starting powders were
first mixed to form a 70 g batch and then
melted in a 90% Pt-10% Rh crucible at
1000 °C for 30 minutes using an electric
furnace. The melts were stirred to ensure
the homogeneity of glass composition.
The molten glasses were subsequently
quenched into a twinned roller, yielding
thin ribbons of approximately 0.2 mm
thickness. The resulting glasses were
fully amorphous, as was confirmed by

X-ray diffractometry. The ribbon glasses

30

were then grinded into powders (<325
mesh) and mixed with SnO2 powders in
proportion of 3 to 15 wt % using ethanol
solvent and zirconia milling media for
24 h. After drying, the mixtures were
die-pressed at 100MPa to yield several
disk type pellets (12 mm in diameter and
3 mm in thickness). The pellets were
then sintered at 550, 650, 750 and 850
°C for 4 h with a heating rate of 5 °C/
min. The bulk density of samples was
measured by the Archimedes method. An
X-ray diffractometer (XRD, Panalyical,
X’pert Pro) with Cu Ka radiation (A=
0.1542 nm) was used to characterize the
crystallization of the sintered ceramics.
Fractured surfaces of the sintered samples
were examined using filed emission
scanning electron microscopy (FESEM,
Philips, XL-40FEG). Shrinkage behavior
of the samples during heating from room
temperature to 1200 °C was measured
using a horizontal loading dilatometer
with alumina rams and boats (DIL-
402C, Netzsch Instrument). The sintered
samples were electroded with DC-
sputtered films of gold on both sides

for electrical property measurement



using an impendence analyzer (Agilent,

4263B, Palo Alto, USA).

3. Results and discussions

The densification behavior of SnO2
consisting of different concentrations of
GMV glass as sintering aid was examined
by dilatometer as shown in Figure 1
As seen from the diagram, as quantity
of glass additives increased shrinkage
curves were shifted towards much lower
temperatures than the typical sintering
temperature of pure SnOz . The shrinkage
of pure SnO2 appears to occur slowly at
approximately 1100 °C. However, doped
with 3 and 5 wt % of glass additives
of SnO2 ceramics showed an apparent
shrinkage above 850 °C. As the quantity
of glass additives increased greater
than 10 wt %, SnO2 exhibited a large
shrinkage of approximately 8 % at 850
°C. The results showed that GMV glass
1s an effective sintering aid for SnO2. The
DTA curve revealed that the GMV glass
softened at 435 °C and melted at 608 °C,
respectively. The decrease of sintering

temperature was caused by the viscous
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liquid phase effect of GMV glass and
served as a bond for the SnO2 particles,
therefore the shrinkage of SnO2 occurred

at much lower temperatures.

Figure 1
of the SnO2 with and without GMV

The shrinkage behavior

glass additives as a function of firing
temperature.

XRD patterns of SnO2 with various
sintering temperature of 15 wt % GMV
glass doping is showed in Figure 2. It
was observed that the main crystal phase
i1s pure SnO2. No any other oxide phase
or glass phase was detected in every
sample of SnO2 with different contents
of glass addition. The results of Figure
2 imply that GMV glass did not affect
the crystal structure of SnO2 phase. The
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GMV glass also did not form a new

compound with SnO».
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Figure 2 X-ray diffraction patterns
of SnO2 with 15 wt % GMYV glass
concentrations doping sintered at 550 to

850 °C.

The FESEM micrographs of cross-
sectional SnO2 ceramics sintered at 850
°C with 0, 3, 10 and 15 wt % GMV glass
are shown in Figure 3 An obvious porous
microstructure with the smallest grain
size was observed in the sample without
glass additives. It is clearly that increased
the glass additives greatly promoted the
densification and the grain size of SnOa.
Figure 4 illustrated the bulk density and
the grain size of SnO2 as a function of
glass concentrations. It was showed that
the density increased from 4.85 to 6.26 g/
cm3 and the grain size increased from 0.1

to 1.2 um as glass concentration increased

from 0 to 15 wt%.

Figure 3 FESEM photo images of SnO2 with GMV glass concentrations at (a) 0, (b) 3,

(¢)10, and 15 wt %.
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Figure 5 is quantitative energy
dispersive X-ray spectrometer (EDS)
analyses of the SnO2 crystalline phase
from the FESEM analysis. The results
revealed the presence of Ge, Mo and
V ions in SnO2 crystalline phase,
indicating that the SnO2 shows a certain
limited solubility in the liquid at the
sintering temperature; the essential part
of such lower sintering process is the
dissolution and reprecipitation of SnO2
particles to give increased grain size and
densification [11].

The theoretical and the measured
dielectric properties of the SnO2 with
different concentrations of GMV glass
sintered at 850°C are summarized in
Table 1. The theoretical dielectric
constant, £,, was calculated using the
logarithmic mixing rule [12] of Eq. (1)
with the data of SnO2 (&; = 24) and GMV
glass (s; = 11).
loge, = viloge; + vyloge; (1)
where v; and v; represent the volume
fractions of SnO2, and glass phase in
the mixture, respectively. The volume
fractions of SnO2 in the samples were
determined from the corresponding peak

areas of the XRD patterns. Whereas, the
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dielectric constant of GMV glass was
measured after the as-quenched ribbon
was heat treated at 850 °C. The measured
dielectric constant of SnO2 was found to
agree well with the theoretical values. As
the GMV glass concentration increased
to 10 wt %, the dielectric constant
showed an increase to approximately 18
and then decreased after the maximum.
The increase of the dielectric constant
in the sample with low GMV glass
concentrations is due to the matrix of
SnO2 phase. The presence of glass phases
in high GMV concentration samples
decreased the dielectric constant of SnOx.
While the dielectric loss almost linearly
decreased with the increase of GMV
glass concentrations. As well known, the
value of dielectric loss is mainly caused
by the extrinsic effect that is related to
the microstructure of materials such as
porosities, grain boundaries, grain sizes
and impurities [13]. In this work, SnO2
ceramics with high concentration of GMV
additives showed a better microstructure
in term of homogeneous grain size and
less porosity, therefore resulting in lower

dielectric losses.



Figure 4 The bulk density and the grain size of SnO, as a function of GMV glass concentration.

Figure 5 The energy dispersive X-ray (EDS) spectra of (a) SnO, phases presented in Figure 3.



Table 1

The dielectric properties of SnO, with different GMV glass concentrations.

GMYV glass

) theoretical
concentration (wt%) v ( )

ey

(measured) tand (Dielectric loss)

0 10
3 12
5 15
10 18
15 13

12

15

10

0.265

0.085

0.068

0.042

0.033

4. Conclusions

This research demonstrated that
the glass additives containing of
GeO2, MoO3 and V205 has an effect
on lowering sintering temperature
of SnO, from 1200 to 850 °C as a
combination of viscous flow and liquid
phase sintering effects. This allows the
low temperature processing of SnO,
sensor for gas detection application
to be feasible. The densification and
the grain size of SnO, were found to
increase with the glass concentration as
a result of the mass transfer through the
liquid phase. The dielectric constants

of SnO, decreased to 13 with the glass
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concentration increased to 15 wt %
because of the presence of the lower
dielectric constant of glass phase. While
the dielectric loss of SnO, decreased
with the glass concentration due to the
denser and homogenous microstructure
of SnO, . In this study, the glass additive
not only can be used as sintering aid to
enhance the densification of SnO, , but
also be able to modify the dielectric
constant of SnO, with a desirable
dielectric property by varying the glass

concentration.
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Abstract

Purposes: The aim of the current
paper is to review studies implementing
interventions to address motor impairments/
activity limitations in children with autism
spectrum disorders. Also, the aim is to
draw conclusions about which of these
interventions is the most frequently used
and which the most effective in children
with autism spectrum disorders.

Design: Narrativec review for children
with autism spectrum disorders.

Search: Searches were conducted of
MEDLINE (1966 to May 2015), PUBMED
(1966 to May 2015), and PEDro (1966 to
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May 2015) databases. Studies including
children under 18 years of age, diagnosed
with autism and participating in any
exercise related to physical therapy, such as
yoga, hydrotherapy and regular exercise.
Outcome measures: The outcome
measurement can be any assessment that
reflected the activities performed in the
intervention.

Conclusion: This review provides only
some moderate evidence that aquatic-
hydrotherapy programs can improve
swimming skills and fitness and decrease
the motor impairments of children with
autism spectrum disorders.
Keywords:autism, physical therapy,

exercise therapy, rehabilitation, children.



Introduction

I

Autism spectrum disorders (ASDs)
are a neurodevelopmental disorder in
children with a range of impairments in
behavior, cognition, social interaction,
communication and motor delay [1,
2]. The incidence of autism spectrum
disorders is 1 in 110 children and five
times more in boys (1 in 54) than girls
(I in 252). There is no clear etiology
in genetics issue for the occurrence of
autism spectrum disorders, but if one
child with autism spectrum disorders, his/
her sibling has a 31 % risk of developing
autism spectrum disorders [1]. There are
three types of autism spectrum disorders
based on the severity of symptom,
ie, autism, pervasive developmental
disorders-not otherwise specified (PDD-
NOS) and Asperger syndrome. The
common significant impairments in
all three subtypes are a lack of social
interaction as well as behavior and
interest restrictions [1, 3].

Although social impairments and
behavior restrictions are the defining

features in children with autism spectrum
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disorders, motor impairments, such as
poor upper and lower limb coordination,
are noticed in the current practice.
Children with autism spectrum disorders
normally present a range of motor delay
in gross motor function which includes
the development of supine, prone, sitting
and walking and in fine motor function
which includes reaching, clapping,
pointing, playing with blocks and puzzles
and turning doorknobs. Additionally,
motor impairments or activity limitations
in children with autism spectrum
disorders have been recognized as not
solely attributed to cognitive delays [1].
Since the presence of motor impairments
and activity limitations, physical
therapists are increasingly becoming part
of the treatment team for children with
autism spectrum disorders.

Generally, children learn new skills
by observing and imitating others during
daily life. During interactive games,
they often must imitate one’s movements
and produce a response appropriately.
However, children with autism spectrum
disorders present impairments in imitation

and difficulties in motor planning. These



imitation impairments are often seen in
orofacial, manual and posture adjustment.
Furthermore, such poor coordination and
slow movements in children with autism
spectrum disorders could cause the lack
of social participation and increased
anxiety during playtime [4, 5]. All these
difficulties in children with autism
spectrum disorders suggest that physical
therapists can play a significant role in
their treatment.

Considering the above, the aim of
the current paper is to review studies
implementing interventions with an
aim to address motor impairments/
activity limitations in children with
autism spectrum disorders. Although
a particular emphasis was given for
yoga interventions, the aim is to draw
conclusions about which of these
interventions is the most frequently used
and which the most effective in children

with autism spectrum disorders.
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METHOD

I
Identification and selection of studies
Searches were conducted of
MEDLINE (1966 to May 2015), PUBMED
(1966 to May 2015), and PEDro (1966 to
May 2015) databases, with language in
English using words related to autism.
Studies including children under 18
years of age, diagnosed with autism
and participating in any exercise related
to physical therapy, such as yoga,
hydrotherapy and regular exercise. The
outcome measurement could be any
assessment that reflected the activities
performed in the intervention.
Assessment of characteristics of studies
Participants Studies involving
children (up to 18 yrs) of either gender,
regardless of the level of initial disability
were included.
Intervention The experimental group had
to receive any exercise related to physical
therapy, such as yoga, hydrotherapy
and regular exercise. The control group
had to receive either no intervention or
other intervention. Participants could be

receiving usual therapy. Activity trained



using any exercise, duration and frequency
of the intervention were recorded so that
the similarity of intervention between
studies could be examined.

Outcome Measures Measures that best

reflected the activity trained were used in

review. Of the three included studies, one
investigated yoga versus morning activity
and two investigated the effect yoga after
training. The summary of the studies is
presented in table 1.

Participants Three studies investigated

the report. children and adolescents with the mean

age of participants ranging from 3 to 16
Results

years, with 84% male of participants.

Intervention The experimental group
Example 1-Yoga received yoga activities. The frequency
Characteristics of yoga studies and duration of intervention varied, with

Three studies were included in the  the total duration ranging from 1800

Table 1 Characteristics of yoga (n = 3)
Study Design  Participants Intervention Outcome measures
Exp = Get Ready to Learn Yoga
n=46 15-20 min x 5/wk x 16 wk
Koenig et A16 CCT Age (y)=5 - 12 (Total: 1200-1600 min) ABC-Community, score

Con = Morning activity
15-20 min x 5/wk x 16 wk
(Total: 1200-1600 min)

Male: Female= 27: 9 Timing = 0, 16 wk

Exp=ABA and IAYT

n==o6 ABA : 180 min/d x 5/wk x 82 wk ARI Form E-2. score
Radhakrishna et al’  Case series Age(y)=8-14 (Total: 73800 min) Timing = 2 78’ K
Male: Female= 5: 1 TAYT: 60 min/d x 5/wk x 82 wk E7 45 OW
(Total : 24600 min)
n=24 Exp = Yoga , Dance and Music
Radhakrishna et al’  Case series Age (y)=3-16 45 min x 5/wk x 8 wk BASC-2, score

Timing = 0, 8§ wk

Male: Female = 22: 2 (Total: 1800 min)

Abbreviations: Con, control group; Exp, experimental group; CCT, Clinical controlled trial; ABA, Applied Behavior
Analysis; IAYT, Integrated Approach to Yoga Therapy; ARI Form E-2, Autism Research Institute Form E-2; BASC-2,
Behavior Assessment System for Children, Second Edition; ABC-Community, Aberrant Behavior Checklist-Community
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to 98,400 minutes. The control group
in one study received morning activity
training which was consistent with the
experimental group [6]. The other two
studies were no control group[7, 8].

Measures Behavior was measured using
three self-rating forms, such as Aberrant
Behavior Checklist-Community,
Autism Research Institute Form E-2

and Behavior Assessment System for

Children (2nd edition).

Data analysis

Information about the method
(1e, design, participants, intervention,
measures) and outcome data (ie,
number of participants and mean (SD)

of outcomes) were extracted. Where

possible, data were pooled and the
mean between group differences were
calculated for the yoga intervention.
Where this was not possible, we
calculated the mean difference (%
difference) for each study and presented
the between baseline and post training

analysis reported.

Effect of yoga

The results of the between-group
analyses (table 2) and between baseline
and post training (table 3) were examined.
Effect of yoga versus morning activity:
Only one study compared yoga with
morning activity and reported a
statistically significant between-group

difference in activity in favor of yoga [6],

Table 2 Effect of yoga vs morning activity (n = 1)

Mean difference

Significance of the difference Percentage

Study Outcome measure  between groups/ .
: between groups increase
Exp minus Con
Koenig et al® ABC-Community, score 8.29 »=0.029 18

Abbreviations: Con, control group; Exp, experimental group; ABC-Community, Aberrant Behavior Checklist-Community
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Table 3  Effect of yoga after training (n = 3)

Mean difference

o . Significance of the  Percentage
Study Outcome measure  within group/Postminus . & - &
. difference within group  change
Baseline
Koenig et al® ABC-Community, score -12.75 (SD = 2.85) p=NA 25
Radhakrishna et al’ ARI Form E-2, score 1.33 (SD=0.21) p=NA 51
Rosenblatt et al8 BASC-2, score -16.76 (SD =1.27) p=NA 5

Abbreviations: Post,post training; ABC-Community, Aberrant Behavior Checklist-Community; ARI Form E-2, Autism Research

Institute Form E-2;BASC-2, Behavior Assessment System for Children, Second Edition; NA, not available

immediately after the intervention
period. This difference represented 18%
greater increase in behavior change
compared with morning activity.

Effect of yoga after training: Three
studies were unable to provide a
statistical result between baseline and
post training[6-8]. All three studies
presented the behavior change after
training, which were 5, 25 and 51%

difference compared with baseline.
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Example 2-
Aquatic-Hydrotherapy

The characteristics of the studies
are presented in table 4. All studies
had the improvement in the swimming
skills, fitness and decrease in motor
impairments. One of studies reported
that participants have the change in their

behavior after the intervention1[13].



Table 4 Characteristics of aquatic-hydrotherapy (n = 6)

Study Design Participants Intervention Outcome measures
n=16
Age (y) =6-11 Aquatic aerobic

Fragala-Pinkham  Non-randomized Male: Female=11:5

exercise program

ctal” A-B group design Classification 45minx 2wk x 14wk MW-MC-UM-PEDL FTS, HRm
=ASD(6), CP(2), (Total: 1260 min)
MM(2), DD(6)
n=1 Hydrotherapy(HM) SMWT, Balance, Thrust test, SBJ,
Yilmaz et al.!” Single Case  Age (y)=9 60 min x 3/wk x 10 wk Grip strength, Muscle strength,
Classification = ASD (Total: 1800 min) Speed, SRT, AOR
n=30
Age (y)=7-12
Classification = 15ASD, Aquatic program, floor
11 15NOASD and group activities. PACER, Curl-up, SRT, BIA,
Pan Crossover CT 4 up A: ASD,n=7; 60 minx 2wk x 14 wk HAAR
non-ASD, n=7) (Total: 1680 min)
(group B: ASD, n=§;
non-ASD, n = 8)
n=11 Aquatic program
Ennis 2 Case series  Age (y) =3-9 60 min x 2/wk x 10 wk ;ZSS:SL
Classification = ASD (Total: 1200 min)
n=16 WESP
Pan'’ Crossover CT Age (y) =6-9 90 min x 1/wk x 10 wk I:SABAsl}z
Classification = ASD (Total: 900 min)
n=12
Fragala- (Ex group =7, Aquatic program SCS ,YMCA Water Skills
Pinkham CT Con Group =5) 40 min x 2/wk x 14 wk Checklist, HMW, MC-UPush up,
etal.l4 Age (y) = 6-12 (Total: 1120 min) ~ M-PEDI

Classification = ASD

Abbreviations: CT= (non-randomized) controlled trial, ASD=autism spectrum disorders, CP=cerebral palsy,
MM=myelomeningocele, DD=developmental delay, HMW=Half-mile walk/run, MC-U=Modified curl-up, M- PEDI=
Multidimensional Pediatric Evaluation of Disability Inventory, FTS=Floor to Stand test, HRm =Heart Rate monitors,
HM= Halliwick Method, SMWT= Six minute walking test, SBJ=Standing Broad Jump, SRT=Sit and Reach Test, AOR
=Aquatic Orientation Checklist, PACER = Progressive Aerobic Cardiovascular Endurance Run, BIA=bioelectrical

impedance analysis, HAAR = Humphries’

Assessment of Aquatic Readiness, WOTA=Water Orientation Test of Alyn,

Peds-QL= Pediatrics Quality of Life Inventory, WESP= water exercise swimming program, SSBS-2= School Social
Behavior Scales, SCS=Swimming Classification Scale
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Example 3-
Therapeutic riding

The characteristics of the studies
are presented in table 5. Most studies

reported improvements in the social

skills, sensory integrative functions and
attention, while three studies also reported
improvements in the motor skills[17-19].
One study reported a change in
children’ s expressive language skills[18]

and another one in their self-care[19].

Table 5 Characteristics of therapeutic riding (n = 5)

Study Design Participants Intervention Outcome measures
IIIA=e3(4 )=4-10 IR

Bass etal.l” RCT ge Y g 60 min x 1/wk x 12 wk SRS, SP
Male: Female = 29:5 (Total: 720 min)
Classification = ASD otk
n=21

16 Single-group  Age(y) =8 TR GARS-2,

Ward et al pre-postdesign Male: Female = 15:6 10 Wk SPSC

Classification = ASD
17 2;?3)(5 (én; B0 sprre BOTMP.
Wuang et al crossover CT Male: Female = 13:47 60 min x 2/wk x 20xk TSIF

Classification = ASD (Total: 2400 min)

n =42 (26= Non waitlist,

Single-group 16 waitlist) TR ‘

pre-post design Age (y)=6-16 60 min x 1/wk x 10 wk
Male : Female = 36: 6 (Total: 600 min)
Classification= ASD

ABC-C, VABSII,

. 18
Gabriels et al BOTMP

Singlo- n=6 HPOT
EOP Age(y)=5-12 45 min x 1/wk x 12 wk VABS-II, CACS

Ajzenman et al'® oot desi
prepo & Classification = ASD (Total: 540 min)

Abbreviations: RCT= randomized controlled trial, CT= controlled trial, ASD=autism spectrum disorders,
TR=therapeutic riding, SRS= Social Responsiveness Scale, SP= Sensory Profile, GARS-2= Gilliam autism rating
scale-2, SPSC= Sensory profile school companion (Dunn2006), SDHRP= Simulated Developmental Horse-Riding
Program, BOTMP = Bruininks-Oseretsky Test of Motor Proficiency, TSIF=Test of Sensory Integration Function,
ABC-C= Aberrant Behavior Checklist, VABS-II= Vineland Adaptive Behavioral Scales—Interview Edition, HPOT=
Hippotherapy, CACS =Child Activity Card Sort
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Example 4-
Exercise programs

Table 6 presents the characteristics

of the studies that implemented exercise

programs. Three studies reported

improvements mainly in the motor skills

Table 6 Characteristics of exercise programs (n = 4)

such as increased muscle strength, fitness

or walking distance [20-22] . In one study,

children with autism also demonstrated

changes in their problematic behavior [20]

and in another study in their academic

performance [23].

Study Design Participants Intervention Outcome measures
=6 Cardio and
20 Single-group Age (y)=9-15 resistance training MBP ,1IRM BP, IRM LG,
Magnusson et al. prepostdesign  Male: Female = 4:2 Curl Up Test, SRT, MRT,

Classification = ASD

60 min x 2/wk x 8-12 wk parents reported behavior.

(Total: 960 min)

Todd and Reid?!

Case series

n=3

Age (y)=15,16,20
Males

Classification = ASD

Snowshoeing and
walking /jogging

30 min x 2/wk x 6 months

(Total: 1440)

Self-Monitoring Board,
Edible Reinforcement, Verbal
Cuing

Casey et al??

Single subject
design

Therapeutic Skating

60 min x 3/wk x 12 wk

(Total: 2160 min)

PBS, BBT, FT, FST, TUG,
TUDS, 6MWTand personal
goals (PGA.

Oriel et 3123

Crossover CT

n=2

Age (y)=7-10
Males

Classification = ASD
n=9

Age (y) =3-6

Male : Female = 7:2
Classification = 7ASD,
1=ID, 1=DD

Aerobic exercise
before classroom
activities

(15 minutes of
running/jogging)

Number of stereotypic
behaviors, percentage of on-
task behavior, and correct/
incorrect responses

Abbreviations: CT = controlled trial, MBP =Modified Bruce Protocol, BP=Bench Press, LG= Leg Press, SRT =Sit and
Reach Test, MRT=Modified Romberg Test, PBS=Pediatric Balance Scale, BBT=Berg Balance Scale, FT=Flamingo
Test, FST= floor to Stand Test, TUG=Timed Up and Go, TUDS= Timed Up and Down Stairs test, Gt MWT =Six-Minute
Walk Test, PGAS= Participant Goal Attainment Scaling, ASD= Autism Spectrum Disorders, ID= intellectual disability,
DD= developmental delay
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Discussions

This review aimed at searching
only databases that most likely would
include the relevant papers. We may
thus have missed articles that may be
available only through e.g. Cochrane.
We did not extend our search beyond
papers in English, so all included
studies were written in English.

This narrative review reported
4 types of intervention resulting in
18 papers related to physical therapy
for children with autism. All articles
were published after 2006. Overall, the
methodological quality was rather low.
Of all four intervention categories (yoga,
hydrotherapy, riding and exercise), there
was one randomized controlled trial. As
the interventions and outcomes differed in
all categories, this limits comparisons in
the evidence synthesis.

The effectiveness of the interventions
was considered moderate when it was based
on consistent findings from low quality
randomized controlled trials, control trials
or one high quality randomized controlled

trials, limited when it was based on one
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low quality randomized controlled trials or
one control trial or consistent findings from
pre-post designs and insufficient when it
was based on other research designs (e.g.
case studies) [24]. Accordingly, there is
only moderate evidence from three control
trials for improvements in swimming skills
and fitness as well as decreases of motor
impairments for the aquatic-hydrotherapy
programs from this review[11, 13-14].
For therapeutic riding, there is relatively
limited evidence for improvements in
sensory integration functions, attention and
social motivation from one low quality
randomized controlled trial[15], and for
improvements in the motor skills from
one control trial and two single-group
designs[17-19]. Regarding to the exercise
programs, limited evidence i1s provided
from one control trial that academic
performance can be increased in children
with autism spectrum disorders[23].

In general, as clinical implications
can only be drawn from low quality
studies, well-designed, randomized trials
on current and focused interventions
related to physical therapy in children with

autism are needed in the future.



Conclusions

This review provides only some
moderate evidence that aquatic-
hydrotherapy programs can improve
swimming skills and fitness and
decrease the motor impairments
in children with autism spectrum
disorders. There is limited evidence
for the rest of interventions. High
quality randomized trials on current and
focused interventions related to physical

therapy are needed in the future.
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