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Introduction

The  circadian  rhythm  is  a  biological  rhythm

that  has  been  shown  to  be  related  to  mental

health (Fukuda  &  Ishihara,  2001).  Therefore,

sleep  should  be  considered  an  important  element

of  any  individual's  physical  and  mental  health

(Hayashi  &  Katada,  2002).

It  has  been  suggested  that  the  sleep  of

patients  with  cerebral  palsy  (CP)  is  often

disturbed  (Prechtl  et  al.,  1973 ;  Hori  &  Kodama,

1975),  and  sleep  problems  in  children  with

severe  CP  may  be  attributed  to  obstructive  sleep

apnea  (Magardino  &  Tom,  1999)  caused  by  their

inability  to  change  body  position  (Kotagal  et  al.,

1994).

Various  methods  have  been  used  to  measure

physical  activity  (Laport  et  al.,  1985).  However,

those  former  methods  were  complicated  and

costly ;  hence,  they  have  not  been  established.  In

that  regard,  a  3D  accelerometer  is  useful  for

assessing  daily  physical  activity,  in  that  it  can

produce  accurate  data,  is  easy  and  convenient,

does  not  inhibit  daily  activities  of  subjects,  and

has  good  test-retest  reliability  (Sugimoto,  1995 ;

Sugimoto  et  al.,  1997).

A  3D  accelerometer  is  also  useful  in

measuring  the  physical  activity  of  children  with

CP  (Shiragaki  et  al.,  2000) ;  Shiragaki  et  al.

(2000)  reported  for  the  first  time  on

measurement  of  physical  activity  by  applying  a

3D  accelerometer  method  to  children  with  CP  in

free-living  conditions.  Moreover,  the  data

generated  by  the  3D  accelerometer  method  is

useful  to  demonstrate  patterns  of  nocturnal

physical  activity  in  children  with  CP  (Shiragaki

et  al.,  2000).

The  purpose  of  this  study  was  to  reveal  the

nocturnal  physical  activity  of  children  with  CP

using  a  3D  accelerometer  and  to  make  a

comparative  study  of  nocturnal  physical  activity

patterns  in  children  with  CP  and  in  normal

children.  

Subjects  and  methods

Subjects

Thirty-one  boys  (mean  8.27,  SD  3.08  years)

with  spastic  cerebral  palsy  who  had  no  major

athetoid  or  ataxic  characteristics  participated  in

this  study  (CP  group).  All  subjects  with  CP  have

intellectual  disabilities  as  accompanying

symptoms.  The  control  subjects  were  12  normal

boys  (mean  6.92,  SD  2.46  years)  without

neurological  abnormalities  (control  group).  No

significant  differences  were  observed  in  age

between  the  CP  group  and  control  group.  The

CP  group  was  divided  into  four  subgroups

according  to  gross  motor  function  (Johnson  et

al.,  1951) :  8  children  were  bed-ridden  (bed-ridden
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group),  10  children  were  capable  of  rolling

(rolling  group),  8  children  were  capable  of

crawling  (crawling  group),  and  5  children  were

capable  of  standing  and  walking  (standing /

walking  group).  There  were  significant

differences  between  the  age  of  the  five  groups

including  the  control  group  (4/38,  F=4.205,

p<0.01).  Multiple  comparisons  by  the  LSD

method  had  the  results :  control  group  ＜

standing / walking  group,  bed-ridden  group  ＜

standing / walking  group,  rolling  group  ＜

standing / walking  group,  crawling  group  ＜

standing / walking  group.

In  the  CP  group,  21  children  were  being

treated  with  an  anticonvulsant  (monotherapy),  8

children  with  more  than  two  anticonvulsants

(polytherapy),  and  2  children  received  no

antiepileptic  drugs.  Informed  consent  was

obtained  in  documents  signed  by  parents.  

Methods

In  this  study,  the  Actigraph  (model  Mini-

motionlogger,  Ambulatory  Monitoring  Inc.,  NY,

USA)  was  used  for  measuring  physical  activity

over  24  hours.  The  Actigraph  is  a  three-

dimensional  (3D)  accelerometer  that  utilizes  a

piezo-electric  transducer  and  a  mechanical  and

electronic  monitor  to  measure  physical  activity.

The  3D  accelerometer  was  attached  to  the

subjects'  non-dominant  wrist  or  the  wrist  of

lower  motor  age.  The  3D  accelerometer  can

translate  body  movement  into  an  electric  signal

and  interfaces  with  an  personal  computer  (model

DYNABOOK  EZ-486,  Toshiba,  Tokyo,  Japan)  for

programming  and  for  downloading  the  data.  The

data  is  continually  sampled  by  microprocessor

and  then  stored  in  16K  digital  memory.  The  3D

accelerometer  is  housed  in  a  4.4L  x  3.3W  x

0.95H  cm  aluminum  case  that  weighs

approximately  5.6g.  The  3D  accerelometer  was

set  so  that  the  epoch  time  was  1  minute  and

the  sensitivity  was  18  (standard  sensitivity).  This

setting  counted  all  directional  movement  more

than  0.01  G.  Sugimoto  et  al.  (1997)  discovered

that  there  was  a  relationship  between  the

intensity  of  each  action  and  the  Actigraph

output,  using  10  healthy  subjects  under  free-

living  conditions.  This  study  followed  the  setting

of  Sugimoto  et  al.  (1997).  Moreover,  periodicity

in  nocturnal  physical  activity  was  calculated

using  the  formula  below :

D=0.00001 (404A-4+598A-3+326A-2

+441A-1+1408A0+508A+1+350A+2)

where  D<1=sleep,  D≧1=wake,  A0,  Ai-1,  Ai+1,

etc.  =  activity  scores  for  the  present  minute,

the  previous  minute,  the  following  minute,  etc,

Measurement  was  performed  uniformly  within

the  July-August  period,  in  order  to  reduce  the

error  range  of  physical  activity  by  seasons.  In

addition,  the  parents  of  the  subjects  reported  on

the  subjects'  states  of  life  such  as  sleep,  waking,

meal  time  and  bath  time  during  the

measurement  period.

All  statistical  analyses  were  carried  out  using

the  Statview  software  program  for  Macintosh.

The  Kruskal-Wallis  analysis  of  variance  (ANOVA)

method  was  used  for  between-group

comparisons.  A  level  of  p<0.05  was  considered

statistically  significant.  Values  were  expressed  as

means±SEM.

Results

Fig.  1  shows  a  representative  example  of  the

results  of  measuring  nocturnal  physical  activity

by  3D  accelerometer  in  one  subject  each  from

the  bed-ridden,  rolling,  crawling,  and  standing /

walking  groups.  Values  were  measured  on

settings  of  a  1-minute  epoch  time  added  every

10  minutes  in  order  to  show  the  periodicity  of

nocturnal  physical  activity.  The  value  in  the

vertical  axis  shows  the  number  of  times

acceleration  more  than  0.01  G  every  10  minutes

while  the  value  in  horizontal  axis  shows  time.

Arrow  signs  in  the  figures  show  awakenings

according  to  the  formula  of  Cole  et  al.  (1992).  In

normal  children,  high  activity  every  90  minutes

as  well  as  periodicity  of  REM  sleep  and  non-

REM  sleep  was  recognized  (1-5).  In  children

with  CP,  there  were  some  cases  in  which

periodicity  at  regular  intervals  was  recognized
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(1-4),  while  other  cases  showed  different  results

such  as  a  case  with  short  intervals,  a  case

whose  periodicity  disappeared  just  before

awakening  (1-1),  and  a  case  without  periodicity

for  a  period  of  time  after  falling  a  sleep.  

Fig.  2  shows  calculated  sleeping  time  using

the  formula  of  Cole  et  al.  (1992)  based  on  the

measurements  by  the  3D  accelerometer.  There

were  no  significant  differences  in  sleeping  hours

between  the  CP  group  and  the  control  group

(t=0.51,  df=41,  ns).  Sleeping  hours  by  level  of

motor  function  were  as  follows :  bed-ridden

group,  mean  9.30  ± 2.14  hours,  rolling  group,

9.81  ± 1.65  hours ;  crawling  group,  9.32  ± 1.94

hours ;  and  standing / walking  group,  9.46  ± 1.35

hours ;  there  were  no  significant  differences

(df=4/38,  F=0.19,  ns).  Sleeping  hours  in  each

level  by  the  numbers  of  kinds  of  anti-convulsants

were  as  follows :  no  drugs  group,  10.06  ± 0.25

hours ;  monotherapy  group,  9.24  ± 1.90  hours ;

and  polytherapy  group,  10.03  ± 1.49  hours ;

there  were  no  significant  differences  in  sleeping

hours  among  the  three  groups  (df=3/39,  F=0.60,

ns).

In  the  CP  group,  the  mean  and  SD  between

sleeping  hours  based  on  the  questionnaire  survey

of  subjects'  parents  and  sleeping  hours  measured

by  3D  accelerometer  were  1.06  ± 0.67  hours.

Fig.  3  shows  the  sleep  periodicity  investigated

by  the  output  of  the  3D  accelerometer.  The

means  and  SD  of  the  sleep  periodic  time  were

5.92  ± 2.71  times  for  the  control  group  and  6.32

± 2.71  times  for  the  CP  group.  There  were  no

significant  differences  in  sleep  periodic  time

between  the  CP  group  and  the  control  group

(t=0.44,  df=41,  ns).  The  means  and  SDs  of  the

sleep  periodic  time  by  motor  function  level  were

5.88  ± 2.85  times  for  the  bed-ridden  group,  6.30

± 2.83  times  for  the  rolling  group,  6.00  ± 2.78

times  for  the  crawling  group,  and  7.60  ± 2.61

times  for  the  standing / walking  group.  There
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Fig.1　The  representative  example  of  the  measuring  results  of  nocturnal
physical  activity  by  the  3D  accelerometer  in  typical  subjects.  Each  value
shows  the  3D  accelerometer  date  per  10  minutes.  The  arrow  signs
shows  the  awakenings  (Cole  et  al.,  1992).
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Fig. 2　Total  sleep  time  led  by  3D  accelerometer



were  no  significant  differences  in  sleep  periodic

time  between  each  level  of  motor  function

(df=4/38,  F=0.39,  ns).  And  the  means  and  SDs

of  the  sleep  periodic  time  of  each  group  by

number  of  kinds  of  anti-convulsant  were  9.00  ±

1.41  times  for  the  no  drugs  group,  6.24  ± 2.74

for  the  monotherapy  group,  and  5.88  ± 2.75  for

the  polytherapy  group.  The  result  of  the  one-way

ANOVA  between  the  four  groups  including

control  showed  no  significant  differences  in  sleep

periodic  time  between  groups  according  to  the

numbers  of  kinds  of  anti-convulsant  (df=3/39,

F=0.80,  ns).

Fig.  4  shows  the  waking  time  after  sleep

onset  investigated  from  the  output  of  the  3D

accelerometer.  The  means  and  SDs  of  the

awakenings  after  sleep  onset  were  1.54  ± 0.71

hours  for  the  control  group  and  1.73  ± 0.71

hours  for  the  CP  group.  There  were  no

significant  differences  in  awakening  time  after

sleep  onset  between  the  CP  group  and  the

control  group  (t=-0.79,  df=41,  ns).  The  means

and  SDs  of  awakening  time  after  sleep  onset  by

level  of  motor  function  were  1.87  ± 0.96  hours

for  the  bed-ridden  group,  1.61  ± 0.67  hours  for

the  rolling  group,  1.72  ± 0.70  hours  for  the

crawling  group,  and  1.79  ± 0.45  hours  for  the

standing / walking  group ;  there  were  no

significant  differences  in  awakening  time  after

sleep  onset  by  level  of  motor  function  (df=4/38,

F=0.29,  ns).  Finally,  the  means  and  SD  of  the

awakening  time  after  sleep  onset  by  level  of

numbers  of  kinds  of  anti-convulsants  were  2.07

± 0.05  times  hours  for  the  no  drugs  group,  1.64

± 0.64  for  the  monotherapy  group,  and  1.89  ±

1.00  for  the  polytherapy  group.  The  result  of

one-way  ANOVA  between  the  four  groups

including  the  control  showed  no  significant

differences  in  awakening  time  after  sleep  onset

between  groups  according  to  numbers  of  kinds

of  anti-convulsants  (df=3/39,  F=0.59,  ns).

Fig.  5  shows  the  nocturnal  physical  activity

measured  by  3D  accelerometer.  The  means  and

SDs  of  the  nocturnal  physical  activity  were  13.58

± 4.28  times / minute  for  the  control  group  and

15.40  ± 7.01  times / minute  for  the  CP  group.
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Fig. 3　Sleep  periodic  time  led  by  3D  accelerometer
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There  were  no  significant  differences  in

nocturnal  physical  activity  between  the  CP  group

and  control  group  (t=-0.84,  df=41,  ns).  The

means  and  SDs  of  nocturnal  physical  activity  by

level  of  motor  function  were  14.86  ± 6.57  times

/ minute  for  the  bed-ridden  group,  13.54  ± 5.50

times / minute  for  the  rolling  group,  18.51  ±

10.03  times / minutes  for  the  crawling  group,  and

14.98  ± 4.39  times / minutes  for  the  standing /

walking  group ;  there  were  no  significant

differences  in  nocturnal  physical  activity  by  level

of  motor  function  (df=4/38,  F=0.88,  ns).  Finally,

the  means  and  SDs  of  nocturnal  physical

activity  by  numbers  of  kinds  of  anti-convulsants

were  15.20  ± 1.56  times / minutes  for  the  no

drugs  group,  15.84  ± 7.42  times / minutes  for

the  monotherapy  group,  and  14.29  ± 7.13  times

/ minutes  for  the  polytherapy  group.  The  result

of  one-way  ANOVA  between  the  four  groups

including  the  control  showed  no  significant

differences  in  nocturnal  physical  activity  between

groups  according  to  numbers  of  kinds  of  anti-

convulsants  (df=3/39,  F=0.  34,  ns).

Discussion

Physical  activity  is  defined  as  all  movements

of  the  body  by  the  muscular  system  consuming

energy ;  it  is  distinct  from  exercise,  which  is

planned,  structured  and  repetitious  physical

activity  aimed  at  maintaining  and  improving  the

physique  (Casperson  and  Poweel,  1985).  Many

different  attempts  to  assess  physical  activity

have  been  reported  up  to  this  day  (Laport  et  al.,

1985).  Physical  activity  differs  in  the  quantity  of

energy  consumed  and  required  physical  strength.

Also,  the  methods  to  assess  physical  activity

vary,  and  typically  assessed  subjects  vary  by

method.  Methods  for  assessing  physical  activity

can  be  classified  as  direct  and  indirect.  As

direct  methods,  there  are  (a)  self-administered

quantitative  histories  or  physical  activities  recall

survey,  (b)  observations  using  video  camera,  and

(c)  mechanical  and  electronic  monitors ;  as

indirect  methods,  there  are  (d)  methods  using

energy  metabolism  and  (e)  methods  using  food

intake.  Self-administered  quantitative  histories  or

physical  activities  recall  surveys  are  convenient

and  inexpensive,  and  can  supply  detailed

information  of  physical  activity  about  a  large

number  of  people  (Melanson  and  Freedson,  1996).

However,  this  method  has  inherent  drawbacks  in

that  the  subjectivity  of  the  subject  influences  the

results,  which  may  not  reflect  physical  activity

accurately.  And  it  is  not  a  feasible  method  for

physically  handicapped  children  or  subjects  who

have  intellectual  disabilities  and  communication

disorders  as  accompanying  symptoms,  who  are

unable  to  report  for  themselves.  Observation

using  video  camera  is  objective,  has  good  test-

retest  reliability  and  can  record  physical  activity

patterns  (Melanson  and  Freedson,  1996).  But  it  is

only  a  measurement  of  physical  activity  under

experimentation,  which  makes  it  almost

impossible  to  measure  the  physical  activity  of  a

subject  all  day.  On  the  other  hand,  indirect

methods  such  as  methods  using  energy

metabolism  and  methods  using  food  intake  are

objective,  pertinent  and  useful,  but  they  are

expensive  and  may  possibly  measure  different

things  from  real  physical  activity ;  therefore,
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their  usefulness  is  limited.

This  study  is  the  first  report  on  measurement

of  nocturnal  physical  activity  which  applies  the

3D  accelerometer  method  to  children  with  CP  in

free-living  conditions.  The  3D  accelerometer  is

useful  for  assessing  daily  physical  activity :  it

can  produce  accurate  data,  is  easy  and

convenient,  does  not  inhibit  the  daily  activities

of  subjects,  and  has  good  test-retest  reliability

(Sugimoto,  1995 ;  Sugimoto  et  al.,  1997).  Recently

it  has  been  used  not  only  on  adults  but  also  on

children.  Studies  have  been  done  on  changes  of

body  movement  accompanied  by  neonatal

development  (Guilleminault  et  al.,  1996),  sleep

disorders  (Acebo  et  al.,  1999 ;  Franck  et  al.,

1999)  and  ADHD  (Inoue  et  al.,  1998) ;  however,

investigations  of  children  with  CP  are  rare.  It

was  proved  that  the  3D  accelerometer  is  useful

at  measuring  physical  activity  by  counting  a

certain  value  of  acceleration  in  a  certain  amount

of  time.  Bach  et  al.  (1994)  and  Reddihough  et  al.

(1990)  made  an  attempt  to  measure  the

movement  of  the  upper  limbs  of  CP  subjects  by

3D  accelerometer,  analyzed  the  frequency,  which

is  different  from  the  way  we  used  it  in  this

study,  and  compared  the  results  with  clinical

assessments  of  function  of  the  upper  limbs.  They

reported  that  assessment  of  function  of  upper

limbs using  the  3D  accelerometer  did  not

always  reflect  gross  motor  assessment.  But

previous  reports  (Acebo  et  al.,  1999 ;  Inoue  et  al.,

1998 ;  Sugimoto  et  al.,  1997)  inducated  that  this

method  is  reliable  and  established  it  as  a

quantitative  index  of  physical  activity.  

In  this  study,  we  quantified  and  investigated

nocturnal  physical  activity  using  a  3D

accelerometer.  Numerous  studies  have

investigated  prolongation  of  REM  sleep  latency

(Hori  &  Kodama,  1975 ;  Hayashi  et  al.,  1990),

presence  of  spike  and  slow-wave  activity

(Zucconi  &  Bruni,  2001),  gross  body  movements

(Fukumoto  et  al.,  1981 ;  Hayashi  et  al.,  1990)  and

twitch  body  movements  (Hiura  et  al.,  1984 ;

Hayashi  et  al.,  1990)  using  electromyography

while  studies  which  investigated  nocturnal

physical  activity  in  free  condition  during  sleeping

have  been  rare.  

In  this  study,  the  periodicity  of  nocturnal

physical  activity  in  CP  was  recognized  (Fig.  1),

and  the  3D  accelerometer  proved  useful  in

measuring  patterns  of  nocturnal  physical  activity.

Sleep  problems  are  common  in  handicapped

children.  Several  studies  have  shown  sleep

problems  associated  with  intellectual  disabilities

(Quine,  1991 ;  Poindexter  &  Bihm,  1994 ;  Wiggs

&  Stores,  1996 ;  Pillar  et  al.  1998 ;  Didden  et  al.,

2002 ;  Hayashi  &  Katada,  2002)  and  in  cerebral

palsy  (Shibagaki  et  al.,  1985 ;  Kotagal  et  al.,

1994;  Zucconi  &  Bruni,  2001).  In  previous

studies,  irregular  sleep-wake  rhythms  (Hayashi  &

Katada,  2002),  increased  arousal  time  (Prechtl  et

al.,  1973 ;  Hori  &  Kodama,  1975)  and  short  sleep

patterns  (Shibagaki  et  al.,  1985;  Poindexter  &

Bihm,  1994)  were  indicated,  but  there  were  no

significant  differences  in  sleep  periodic  time  (Fig.

3)  and  in  number  of  awakenings  OR  awakening

time  after  sleep  onset  (Fig.  4)  in  this  study.  As

Fig.1  shows,  there  were  some  cases  whose

periodic  time  showed  high,  low,  and  irregular.  In

previous  studies  of  sleep  fragmentation  or

disruption  (Kotagal  et  al.,  1994 ;  Hayashi  &

Katada,  2002),  irregular  sleep-wake  rhythms

(Hayashi  &  Katada,  2002)  were  indicated,  and

analysis  of  the  periodicity  of  nocturnal  physical

activity,  with  detailed  information  of  each  case

might  be  necessary.  

Awakening  and  sleep  could  be  distinguished

using  the  formula  of  Cole  et  al.  (1992).  There

was  a  gap  between  the  parents'  reports  and  the

actual  sleep  time  as  investigated  by  3D

accelerometer,  and  delayed  sleep  onset  and  early

morning  arousal  were  recognized,  as  the

previous  study  indicated.  Although  delayed  sleep

onset  and  early  morning  arousal  were

recognized,  there  were  no  significant  differences

between  actual  sleep  times  in  CP  and  the

control  group  (Fig.  2).  The  lives  of  CP  patients

almost  totally  rely  on  their  parents'  care,  and

their  regular  habits  in  everyday  life  are

determined  by  the  parents ;  thus,  they  go  to  bed

early  and  get  up  early  compared  to  the  control

group.  But  the  actual  sleep  time  of  CP  subjects
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was  almost  same  as  that  of  control  group,  even

considering  delayed  sleep  onset  and  sleep

fragmentation.  

There  were  no  significant  differences  in

nocturnal  physical  activity  between  the  CP  group

and  control  group,  and  there  were  no  significant

differences  between  each  level  by  motor  function

or  between  groups  by  numbers  of  kinds  of  anti-

convulsants  (Fig.5).  Several  studies  have  shown  a

relationship  between  sleep  problems  and  daytime

problem  behaviors  (Quine,  1991 ;  Wiggs  &  Stores,

1996 ;  Richdale  et  al.,  1999).  Previous  studies

indicated  spasticity,  which  leads  to  respiratory

malfunction  in  patients  with  CP  (Zucconi  &

Bruni,  2001),  and  the  increased  tone  of  spastic

muscles,  which  also  perform  during  sleep

(Gamstorp,  1985).  Treatment  for  sleep

disturbance  occurring  by  brain  damage  is

important  in  view  of  the  improvement  of

increased  muscle  tone  (Zucconi  &  Bruni,  2001).  

Hypoactivity  is  most  common  in  CP  children.

The  ratio  of  total  daily  energy  expenditure  to

resting  metabolic  rate  (Bandini  et  al.,  1991)  and

daily  physical  activity  measured  by  3D

accelerometer  (Shiragaki  et  al.,  2000)  in  CP  was

significantly  lower  than  those  in  healthy  control

subjects.  The  authors  investigated  physical

activity  by  motor  function  level,  as  in  this  study,

and  the  result  showed  that  the  higher  motor

function  the  subject  has,  the  higher  physical

activity  showed.  The  possible  factors  as  to  why

there  were  significant  differences  in  daily

physical  activity  and  no  significant  differences  in

nocturnal  physical  activity  are  several:  (a)

involuntary  movements  (b)  physical  activity

caused  by  changes  in  body  position  (c)  epileptic

spasm  (d)  nocturnal  sleep  fragmentation  owing  to

low  energy  consumption  in  the  daytime.  

As  a  solution  to  the  problem  of  measuring  of

physical  activity,  3D  accelerometer  is  limited  to

measuring  the  quantity  of  physical  activity,  and

is  not  for  measuring  the  detailed  movement  of

the  whole  body  or  each  part  of  the  body.  It  will

be  a  subject  from  now  on  to  investigate  the

reliability  of  its  detailed  information  about

nocturnal  movements  and  the  quality  of  each

movement,  such  as  involuntary  movements  and

physical  activity  caused  by  changes  in  body

position,  using  video  camera  at  the  same  time.

It  will  be  useful  to  investigate  physical  activity

in  each  state  such  as  when  resting / sleeping,

when  epileptic  spasms  occur,  when  they  change

in  body  position  so  that  the  output  from  3D

accelerometer  might  be  distinguished.  In  this

study,  we  attached  a  3D  accelerometer  to  the

non-dominant  wrist  or  the  wrist  of  lower  motor

age  following  the  method  of  the  previous  study

(Sugimoto  et  al.,  1997).  This  is  considered  to  be

an  appropriate  method,  including  the  part  of

body  to  which  it  is  attached,  enabling

measurement  at  each  level  of  motor  function.

The  physical  activity  which  was  derived  might

differ  according  to  which  part  of  the  body  it  is

attached  to,  for  in  CP,  the  paralyzed  part  varies

by  individual,  e.g.,  hemiplegia  and  diplegia,  and

many  times  the  range  of  motion  is  limited  by

deformity  and  contracture.  Hence,  it  might  be

necessary  to  investigate  physical  activity  with

the  accelerometer  attached  to  various  parts  of

body.  But  if  attached  to  the  lumbus,  the  subject

might  have  a  pain  when  rolling,  and  if  attached

to  the  ankle  joint  the  subject  might  feel

uncomfortable,  and  it  might  get  turned  off  by

crossing  of  the  lower  limbs,  characteristic  of

spastic  CP,  or  it  may  restrict  free  motion.

Therefore,  it  is  still  necessary  to  investigate

which  part  of  the  body  is  best  for  attaching  the

3D  accelerometer  in  CP  subjects.
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