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�'lht1m1iiua'ub'U'U�'Ubb'U'U1'Wm<afln�h 

.. ., tl ' ., .. 1 .. · .. .. �. wmvm1tnq n·mJ sensor 1v1n11bflau'U V11nmmn:ifl'U (night recorder) bVleJtl1:::bilua1n11bfli;,eJ'lJLV11 
�1u1n\l\a'Uni;,1.:ifiu 'Vl�a'Uru:::,rnu1rnhht1Yl11iiuiu 

� 

qtln<aru sensor 1v1n11bfl�au1'Vl1b1i;,1mrnfiu (night recorder) tl1:::nauv11t1 5 cl1u�a a microcontroller, 
a power management module, a sensor module, a real-time clock module, and a data storage module. 
lvit1 sensor module bU'W triaxial integrated microelectromechanical systems vftvi'{un11aamb'U'UlJ1b�aWlum1 
tl1:::biJ'Um1lfl�tl'U 1'Vl1 1111LL 'Vlt1-:J'!Ju.:i11.:imt1'1:::1-u'LL'W1LL 1-:i 1tl'i.H11-:iLU'Wfl1Ltl�t1Ub viau L�tlliJfl1n11Yli'im11uuL�t1-:iuau zj,:i 
n1'avl1LU'U.:J1'lJWEJ lv1t11'Uqtln1ru night recorder b �tlU'a:/LlJ'Un11Yl�nv11LLl;,:/f)11')n'11n�'UeJ'U lv1m�mh 1u�tht1m{nu 
iuLLa:::�G11il'Vl�timw1'!lti-:i�tht1i1tJ1'U 6 � lUm1m 1 fiu �u1tJ'!Jti.:i�thmti.:i 

'11nm1�m11 YlUn11bfl�atJ1'Vl1'!JUJ:::'lJatJi-:im.Jvi 134 fl#.:i lU'Wn1�Yl�nvi'1 115 Af.:i bLi;,:in11')n'11n�'lJ'€1'lJ 19 
fl{.:i lv1t1�tht1L1flYl11nu«tJ ili1mtJAf.:imlYl�nvi'1�'Uat1n-h�G11il-i,,�am1t11 mh:iihl'm111·1qiV11.:iG1fi� (P=0.028) LLa::: 
ipJ�Ltl�EJ'lJLbtla.:i1un11Yl�n1>11'UeJ.:J�U1EJL'aflYl11n'lJi'lJ f1'WeJEJffJ1�'11i1V1�eJmw1 mh.:ifiumhl'i'qi Vl1.:J'1Cl� (P=0.028) 

bbvlb 1'11ffi 'Ul'lJn11Yli'i nvllb �tl b tl�EJ'lJ\111 hlilfl11l.Jbb\l\n v11.:Jfl'lJ bbvlmh.:i 1 <an \l\1l.JL�eJtl1:::blJ'lJ b U'lJfl11l.J b �1 Lba:::m1l.J b 'j,:j 1 'lJf)1'j 
Yli'invi'1ltl�EJ'lJV11 bb�1�U1EJL'af1Yl1{n'lJl'l'lJnv.:ifim1l.Jb�lbLa:::fl11l.Jb1-:J1'Wn11Vli'in1>11btl�EJ'lJV11�'\Je)EJn11�'11il'Vl�eJmW1 
eJU1.:ifiuvrl1fi'qiV11.:iG1fi� (P=0.028) tJeJn'11nil�tl1t1hflYl11ntJ6''U ili1tJ1tJflf.:im1')n\11n�'Wa'lJ�l.J1nn11�G11il-i,,�a 
mw1tid1-:iilum11fi'qiV11.:i'1i\� (P=0.02) 

'11nm1�m�1il bb'1vi.:i1�b'l1tJii.:im1i�tJ1 qtlmru sensor 1v1m1bfl�mJ1-i,,1'Uru:::tJeJ'lJ (night recorder) �ii

'U'lJ1vib�n 1-1f�vinu�u1v1vi'41v G11mwutJvinn11bfl�atJ1m1vi'ad1.:it1nvi'a-:i zj,:i'1:::bU'lJtl1:::lti'lltlad1.:imnnubbYlVIEJ�01LLa 
\J \I \l\j 

�u1v b�mh:::biJ'Ua1nwd1.:inm-:ifitJ bLv1v.:ii1b'U'lJ�v1ti.:ivhn11�m�1WvbvimfoJb�eJmbb'U1V11.:im11i1'1ut1frn::: 
. nocturnal hypokinesia 1mv1fl1U'11'U 



Abstract 

Physiologic studies of nocturnal movement: Unlocking the secrets of n ighttime falls in the 

elderly by using Parkinson's disease as a study model. 

Purpose: 

To develop a portable ambulatory motion recorder (the NIGHT-Recorder) that can quantify 

nocturnal hypokinesia in patients with Parkinson's disease (PD). 

Method: 

The NIGHT-Recorder consists of five modules: a microcontroller, a power management module, a 

sensor module, a real-time clock module, and a data storage module. The sensor module includes 16-bit 

digital-output triaxial integrated microelectromechanical system accelerometers that were specifically 

designed to measure intensity of movements and to register position of the human body with respect to 

gravity, providing information on rotations in the longitudinal axis while lying in bed. The signal processing 

utilizes the forward derivative method to identify turning over and getting out of bed as primary 

indicators. The prototype was tested on 6 PD pairs (6 PD patients and their spouses) to verify and 

measure their nocturnal movements for one night. 

Results: 

Using pre-determined definitions, 134 discrete movements were captured in one night consisting 

of rolling over 115 times and getting out of bed 19 times. PD patients rolled over significantly fewer times 

than their spouses (p=0.028), and the extent of position change was significantly smaller in PD patients 

(p=0.028). The duration of the new position achieved following rolling over was not significantly different 

between the two groups. However, PD patients rolled over at a signifkantly slower speed (p=0.028) and 

with slower acceleration (p=0.028) than their spouses. In contrast, PD patients got out of bed significantly 

more often than did their spouses (p=0.02). 

Conclusion: 

It is technically feasible to develop an easy-to-use, portable, accurate, and cost effective device 

(approx. $800) that can assist physicians in the assessment of nocturnal movements of PD patients. 

Additional studies are needed to develop protocols to assess the full spectrum of nocturnal akinesia in a 

larger number of PD patients. 
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'IJVl'U1 (Introduction) 

L du.:i'il7fl 1 'jflYn{iiu«uL tlu L 'jfl'lJ8.:Jf\17m�mJ'lJ8.:J'j:!'lJ'IJU'j:!G'11'Vl (neurodegenerative disorders) �L'Um{\J<j:!"17VI 

dopaminergic neuron 1-uu�nru'Uu.:i substantial nigraikrnvhW dopamine 1t1mJu.:i�1�.:i�wh1�iJfl7<jLLM1.:J87fl7'jVl7.:J 

A�iln 1v1LLnLA�ut1hn-if 1iu\l\1LL �.:iLn�.:JYj\i'IL�cML u1LL�:!fl1'jVJ'j.:J\l\1 hlli1L U'U(i)'U L\i'ltlu7fl7'jfl7'jLfl�B'U 1 'Vl1-if1<1l L tluu1 fl7'j'\/l«n'llu.:i 

Lfltu�fl7fl'U'ililtlhfl"r'l7{iiuiu'Uu.:i United Kingdom Parkinson's Disease Society Brain Bank's clinical criteria for the 

diagnosis of probable Parkinson's disease (UKPDSBB) 'UBfl'il7flfl7'jLfl�u'U1'Vl1'U7�"11immfonv11vi'lt1-tl1.:in�1-:i1t1��thtl 

:lJfl1'jLf\�u'U1 '\/11LL�1 1 t!'U1.:Jt!8t!�'U1tl L'jf\"r'l7{nuiu :lJ'Uf:\j'\/11fl7'jLf\�8'U 1 'V11'Uutl1 'U'U1.:Jt!8t!�1l.Jv11tl V\11 �fll'jLf\�e)t! 1 'Vl1'Utu:! 

'U8tl'W8tl n11tln9i 'ill flfl7'j�fl'lj11 'Uu?l vli"l'IJ�U&i fll'j tlJ'lJe).:jfll'j Lf\�e)'U 1 'V11'U8tl'UtlJ:!'\J8'U 1 t1�'U1tl L 'jf\'V'l7{nu«u fi.:i f e)tl�:! 24 

1 .J ' .J 1 V<t " .1 ,, d d � ,, 1 ' 01" t!'UtlJ:!Vlfl�l.Jf\1'Ufjl.JVl87£! nmfltl.:JLrn:!�'Uflli"lLL 'lJ.:JLm (\'j.:J87fl) i"l'\J u'jtl.J7ru 'je)tJ�::: 4'1l.:Jfl1'jLf\�8'U b'\/11'U8tl 'U'lJ1;j'Ue)'UVl7 '\II

Ln\i'l'Uf:\l'\/11\i11l.Jl.J71v\' L 'U'U fl7'jLn\i'ILLN�fl\i'll1'U Ln\i'l�U&iL '\/l�L 'U'Ufll'j\i)flL�tJ.:j �l.J1v\' Ltl'U(i)'U(2) LL�:::'U1.:inm.:iAt1EJ-:i1l-l1v\'i1Lili"l7:!'Uf:Y'\/17 

fl7'jLfl�u'U1'\/11uumv\1lYt1 -tl1.:inm.:iA'UEJ-:i"r'luui;y'\/11tu1 L'Ut! ut:y'\/17fl7'j'Uu'Uhi'Vl«u U\'1"111:::tlumtlut11t1 zj,:i"r'lu1v\'mnfi.:ifutJ�::: 

96(3)

rl1wfom<j\J'j:::Lilt1u1n1'jfl1'jLfl�B'U 1 'Vl1UutJ'U1-:in� 1.:iAt1 u'il�uuET.:iv'i11v\' tl7 n L du.:i'il1 n�th mL�:::��LL� 1il'lv1«.:iLnv1 

L du-:i'il1m tit! 1t1-tl1.:i�t18'U '\/l�BLL "r'lVltlr-r\i'ILL�81'il'il:!tJ.:J 'lil1vi'l �f\17l.JG'1t! 1'il 1 uuru'\/17'U1.:Jflm.:Jflt!L v\1 'l wi-un vi1-:ieY1,,fo�-:i�1l.J fl'Ul'!'Utl 
"" .., \I \I 

vi1-:iA ru::: $i tJWJ-:i11N�'!lu-:i m 'j rln'lj7'il :::vh 1 � "17l.J7'j t1Vl 'j7u« fl'ljru::: fll'jL A� u'U 1 '\/11'llu-:i �u1 tJ h A"r'l7 {iiu «u'Uru::: t!u'U 

L �e)\]'j:;: Ltl'llt!1'Ufl7'jUfoL U�tl'U"1'lJ«n'ljtlJ:! fll'jt!e)'U LL�:! fl7'jU'S'\Jtl7-S fl'lj7 L 'jfli"l7{nu«u L �8�\i'le.Jm�tl�Ln\i'l'illfl fl7'jLf\�u'U1 '\/11 
, 
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1. Emma L. LL�:!flru:/2> rim.flf11-Slfl�el'U1 VI� 11i1Uelt1'Urut'Uel'UVl�'lJll�trn1lJi'.lv1un&l'Uv'1f1WUel'UVl�'lJ L 'U�thtJ hfl

vn{n'U«'U 1v1t1n11u1td'lmtvi'Ufl11lJl'Wll 'S'1'Uel'1el1f111vn{n'U'i1'U (Hoehn&Yahrll�t UP DRS part 1ll)u-s� li1'W?llJ11flJl1Vl 1vi ti 

self-assessment PD disability scale U1tlil'W?1.f\11tfl11lJlfl�l'lv1llG't�fl11lJf1'11G'I (Leeds subscales)llG'l��'U1l'l'.ilt1\i1forn-s 

fl1lJ l � elU 'St lil'U11 �'U1 viiu (\jVI 1 f11 'S '1 nt 'U'.il 1 f1� 'Uel'Ull''1�ii 'U(\j VI 1 l� l'.1111 'lJ f11 'S'Uel 'UV!� 'lJ \9lel'Uf1 G'l 1'1� m.Jeiv Llfl1 Vl'U Lrn � 'U (!JV! 1 

l�l'.11!1'lJf11'SVl�f1v11 J-:i'.il1f1f11'SA1'Uvmci1Vl1el'.il1f1f11'S'U'Wvif11meim1Vl�f1v111w'.fu1t1Vl1{n'U«'U 39 fl'U �i'.le11mt1�l'l'S�V111'1
� , 

- Demographic data �'W1

- �'U1tl'Vjf1fl'U11i1-S'lJf11'S'Sf1�1\i11l'll'.11L'Wf1zjlJ dopamine replacement therapy

- e'.fu1t1�1'U1'U 18 fl'Uell'l"l'WncilJ Hoen&Yahr sta0es 1-11 llG'I� 21 fl'W eit11'Wf1cilJHoen&Yahr sta0es Ill-IV
\I " , ::::, \I , ::::, 

- Bed mobility

, ""."1 d 1 d a .I a a , ""."1 d 1 ,, J' '.il1'U1'U 8 fl'UlJu(\j'V11f11'SlflG'lel'U Vl1l'Uel'1'.il1f1fl11lJl'.il'lJu1v1 LlG'l�f11'Sll 'U'1Lf1J'1 '.il1'U1'U 8 fl'U lJUC\l'V11Vl1'5LflG'tel'U Vl1'.il1f1f1'11m 'Uel 

, , ""."1 d 1 d elel'Ull 'S..:J lLG'l�'.il1'U1'U 3 fl'UlJu(\j'Vl1f11'SlflG'lel'U Vl1'.il1f1.f\11�el'U 

- �u1EJ�1'U1'U 32 fl'W1Mum1'U'Wvif1 i�1m�e1u-std'i'Wf111Vl�f1v11 VlU11�u1EJ�1'U1'U 31 fl'U ({eJEJG'I� 82)

?11lJ1'Sfl'V'l�f1v1111i1'11l �'oil 1vi vJ,:i 2 f1�lJ:iJW El� l1G'11�l tl'U 11fl'V'l1{n'U«'U 1iJll\Jlf1(il1'1!1'U ll\911'Uf1�lJmil?l1lJ1'5fl'V'l�f1v1111i1'.il�:iJ1�\11'lJ 
, , 

'i" J ' 
fl11lJl'WlL 1'1'Uel'1 ,'Sfl'Vl:w1 f1f111 
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- Turning strategies

- �U1t1'iiTU1'U 14 fl'U ({eJt1'1t 45) �?11l.J1'Hl'l'l�n\'1111i1b\ilt11ifn11 used support 27 fl'U ({eJtl'1t 87) �

?11m1t1Yl�niK1 L\ilt11'U hip-hitching LL'1:: 16 fl'U ({eJt1'1t 52) �?11m1t1Yl�ni11 L\ilt1nw,1mf .:i 

- L\ilt1Yl'U111'Um1l.lr.Yu1t1� 1-u used support''llt:Uwv1ur111m'ULL1.:i'll0.:ibr1'1'l1{n'U°"''U (UPDRS score) ml
, '\J , " 

) 
.J ' ' d score vimnm1n�l.JeJ'U 

- 1 'Un�l.J�u1t1�1 fH1v11.:i 'll �0n11Yl� nvi'1V1'11t11tl 'ii:: �.:i:Ur-J'1v1eJn11'UeJ'UV1�u�t11 n-fi'U LLv11 'Un�l.J�?11m1t1

Yl�nvi'11vHu@t 90 n:Uuqj'\/11 n11'UeJ'Ul 'U'Ufl'U �.:icY.:i 1ii?11l.J11'1Yl'Ufl11U"l.J�'Ul51 t'\/111-:) n111 'U'Jfi(,11-:)'l l �e)'\'l� nvi'1nutlqiV11n11 
., .J ., 

'UeJ'UVl'1'UVl'll\ill 'il'U 

- n11u'Uvinm'l'l vdo1'Un11�n'l'.11'i1 l'Ll'UnWU'Uvinm'l'l1'U�eJ.:iui]u�n11 1iJ1y\\'Ll'Un11U'Uvinn11Yl�nvi'1�

U1'U'UeJ'1�'U18'il� .:i 'l�-:)eJ1'ilVi11 �'lleJl,! '1ffil.Jl\lll 'U'U'lleJl,!'1�ll Vl'il�.:i 

2. SteigerM Jll��i'lru�
<4> r!mnn11LFl�eJ'U1Vl1�\ilun�'lleJ.:iLL'U1Lln'Un'11'1"11vl1 (disordered axial movement in

Parkinson's disease)zj.:in11 lfl�eJ'U1 V111 'Ull 'U1Lln'Un'11.:iJ1vi'1 u1t n0u \il1tl n11L�'U(gait) n11vi1.:ivi'1 hl?ll.Jv)'1 (postural 

instability) n11'1n'il1n�ir.:i n11Yl�niK1�'UeJ'U l 'U'Uvl'U'ilt «l.Ji'Ufifl'U)tt1::L1'11�l 'U'U L 1Fl'\'l1{n'U«'U�'U1'U.ff 'U L\iltl"ll\ilU1t?l.:ifl'lJe).:j 
• • 

n11 r!rn:ndl �0,JwdJ'Ur111l.J«l.J�'U15fl11l.J � \ilun�'lleJ'1nWV'l� nlll11 'U�'UeJ'U nu n11V11.:illl11ii?ll.J v)'1 (postural instability)ll'1:: 

n11LFl�eJ'U�\il1t1r111l.Jt11m11U1n (locomotion difflculty)LL'1tBn�\ilu1t?1.:ir1f'1eJ l �m,J�ti'U l Vltl'Ur-J'1'lleJ'1 levodopa viu 

Fl11l.J?l1l.J11t11'Un11Yl�niK11'U�'UeJ'U n11m.:illl1 (postural equilibrium)ll'1tn11l�'U (gait) ll'1ttJ'111l.J�'1f.J'1'lleJ'1 levodopa 
I {iJ -=4 1 V " " vleJeJ1n11?\'U n11lf1'1eJ'U Vl1'U1 ll'1tn11ll'1Mln1'1'UeJ'1ll'll'Ull'1t'll1 

'\'l1{1'im1m11�t1 10.9 U )t'\/111'1 2-28 U L\il8r,j''U1ti'ii1'U1'U 23 fl'U eJtlL'Uncil.J Hoehn&Yahr 3-5 m1::r:fu1t1'ii1'U1'U 13 Fl'U eJ8L'U 
r,) '\J 1 'U '\J 

n�l.J Hoehn&Yahr 1-2 L\iltl�'U1tl'ilt1Mun11u1tl:W'UeJ1n11n11lfl�eJ'U1V11i'.l\ilunm'Ull'U1Lln'Unm.:ici'1iK1 11l.Ji1.:imn11i'U n1) 

li'l�eJ'U1Vl1'U1 i.:i1'U'U1'1 off (-tl1.:i�81Vll.J\il')Vli) ll'1t'U1.:i on ('U1.:i�t11eJeJn')Vli)Ll�1'U1l.J1lU�tl'Ul'Vltl'Ufl'UV\1-:)?\�� 
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L\i'i!'.11 t1rn1Pirn-nffi i½f\'1-ut11ii'llt1-:inw,'l�rwi'11t1�mit1�v�"lt1rnru'Yitln� A Bf111V1� nvi'1L�mnn'11t1�1�::LLfl:: h,� L\i'i!'.I 

vflii"l 'llifo 1t1f111'U1!'.lvl'Uvl1Vl�tl� ntt1tl'-:inBt1�'il::V1�rn,111v1,11L �'ii bbvltl'4�1vl 1,½�th t1�1l-l?l1lJ11tlbbf11.:Jbb 'll'UVl�v-:im 'Ul'lllli::VI� f1 

vl1tl�L'Ubf1lli<;)Uf1M 'il1f1f.Jflf111P1f1�1Vl'U11 

�u1t1'i11t11t1 19 flt1:wrn1iit11nri'1u1n 1t1mw1�ni11t1�'UB'U LLfl::1mhmt1d 9 fl'Uvftii?11m1mtl�t1'UvhLL VIU.:i 

1v1Lflt1'llru::t1t1t1 LLfl:: 1 o flt! 1 ·irHfl t1f111Vl�ni1L tl�t1ui1LL VIU-:i�r:l\i'itlnM L 'llumwni1 V1�Bf111flntl'-:irit1t1�'il::?11m1t1V1�nvi'11vi' 
, 

�th t1n�ii�:w r111iir:l 1i'itlnM1 u m1 L tl� t1t11111LL VIU-:i'Vl�BVI� ni11 'U�'U B'U Li1B L tl� t1u L V1t1unu�vflii:wf111iir:l \i'itlnM1 t1 

rn1L t1�t1t11111LLV1tl-:iV1�Brn1V1�nv111u�uvt1 V1u111ii:wr111ii bbvlnv11-:inu'lJt1-:imt1rrtht1 v1t1�L�ii:wmm111f1V11{nt1iu LLvin�ii� 
,

r,J , , 

1iiVIUfl 11iiiii�rn5'llv-:i m1 Lfl� B'U 1 mr:i\i'itl nM'llv-:i LL 'll'Ubbfl ::'lJ1 nufl11ii N\i'itlnM'llv-:irn1 Lfl� B'U 1 V111 'ULL u1 mmi1 

�u1t1�:wr111iir:l\i'itlnM1 'Uf111L tl�t1t11111LL V1'U-:i'Vl�Bf111V1�ni11 u�'UB'U 'il1'U1'U 18 fl'U?lllJ1WV1�ni11vi'tlnMVl�-:i 

1
1111.J 

.,,,. ov 1 .J d .J -=t QJ .d 1 o 11.J a«:::11/ '-' 1 ,,., \i'iJ'U levodopa bbf1::'Ut1f1'illf1f111Vlflf1(,11 'UVl'Utl'U tllf111B'U1Vlbf1!'.11f1'Uf111bflfle)'U Vl1bb 'U1bbf1'Uf1f11.:Jf11vl1f1\i'i'll'U'Vlfl.:J mu

levodopa L'U'Uf1tl 

3. Julie M bbfl::fHU::<5> Pin�1itlLL'U'Uf111Lfl�mi1mLi1B�f1'il1m&it1-:i1u��-:im� (Movement patterns used by

elderly when getting out of bed) L\i'it1'Vllf111P1f1):n1t1m?ll?llJfl1�il?!'llfl1V1t.ln� Lbfl:i:Wt11�1::V111.:i 65 - 90 ti 'il1'U1'U 42 

fl'U bb'U.:Jbtl'U�'IJ1!'.1 12 fl'Ubbfl:i�Vliy-:i 30 fl'U bbf\:itl1?11?llJf11'il::1vi'fom1ut1vin1�B'lltl.:Jf111�ntm1m�t1.:i'il1'U1'U 5 fl.f-:i L\i'itl�\i'i 

?lt\l'U�'lltl.:J�.:J bb 1\i'i� tllJ 1 mn� b� tl.:J f1'U'U1'U'lJB.:Jtl1?11?llJfl 1lJ1 f1�?l\i'i bbf\:: Vl�.:J 'ill nt!'Utll?ll ?llJfl 1'il:: 1v1fo f111t\1lJ11 bfltl 1v1f 'Ufl11lJf 
\ V 

.J Q.I .,,.,q "" � 

1 
' ' 

1 
V O A QJ .r'1 V I ,v .,,,. ' 0 I d 1 d ... bf1tl1 f1'U1fif111flf1'illf1b\ll !'.1.:JV11B lJBc.l1.:J 1 bbfl:: f.JV111'il tl'ilt b u'U f.J11lJf1'U1bfl11t'\IIJ u Lb 'U'Uf111bflfl tl'U V11blJtlflf1'il lnbvltl.:J 'ill f1f.Jfl

f111P1f1�1Vl'U11 

, " '\I " , 

v .J""" 1 �I """ ., 1 d 1 .d .J .J 1 11.J v.d v , 
- ��.:Jtll �Vll.Jtl1�lJ1 f1f111 65 u l.Ji ubb'U'Uf111bflfltl'U Vl1bl.JtlG'jf1'il1f1Vl'Utl'UVlbbvlf1\l11.:Jf1'U�VleJ1�'Utltlf111 

1::V111.:imt1 50-59 ti mh-:i:w-umh·i'ruvi1-:i?1�&i L\i'it1JtlLLuurn1Lfl�t1t11mvfl-umn�?l\i11t1rn1Lfl�t1'U1V11�1�tLLfl::ri'1i1AeJf111 , V \I , 

roll-off ft1t1flt 38 LL'll'Uv11'U�B�1nfl'il1f1mfo-:iAt1 double push ft1t1fl:: 35 LL'll'Uv11'U�B�1m\'n�B.:i AB multi-push ft1t1flt 

.1 d 1 "' ,, 36 Lbflt iubb'U'Uf111bflfltl'U Vl1'lltl'1'll1 fie) synchronous 1Bt1flt 31 

- 1tlLL'U'Uf111Lfl�t1t11mffiiiVlu1t1�?1-:iv1t1 AB pelvis leadin°, lateral roll 'llt1.:J�1�tbbflt6'11vl1 Lbflt
" "\I , :::, 

lateral lift Lbflt push 'lltl.:JLL 'll'U�B�tnfl 



.1 d � d d 1 ., "'OJ d ."'1 .1 OJ .1 - 1 uLL 'U'Ufl11LflG'IB'U 1, Vi1LiiBG'lfl'il1flVl'UB'U 'Ut-J?MB1t1iiG'lfl�f11�VlLu'U1 uLL 'U'Ut-J?lii fl'U'UB-:)VIG'l1tl1 uLL 'U'Ufl11. 
" , \l'U , \l " 

., 
�1\l11;'UY1{uii 111'U'U1 

dfJ� .J .:!,I d """- .::i I t::f ,:::,,, -=:i Q..I 0 
- L1G'l1Vl L'll\. 'Ufl11�fl'il1flVl'UB'U'il'Utl'ULUG'ltl 5. 9 1'U1Vl 1�'11111-:) 2.3 fl-:) 17 .3 1'U1Vl .LLG'I� B1?11?liim'il1'U1'U

16 fl'U ({Bt1G'I� 38) ihh.:iV1��1�t1�i'U1'Uvhi1-:i1"Uu1-:ir1f-:i 

5 

- B1?11?llJfl1'il1'U1'U 7 fl'ULL�.:i11ilr111ii{LMt11nu1fifl11G'lfl'11fl�'UB'U 2 fl'U1V1fofl11?lB'U'il1flVW1'U1G'l 1�t1�
\I , 

d O 1 M !:'l .. d 1 "0J 1 !:'l ., d !'1 1 
OJ l,' OJ I d ,. 

1 "0J ., fl'UVl 1 '11 ii 1,� 1.'U11tlG'l�LBtl� fl'UVl 2 �1'Ufl11?lB'U Vi 1.'1J'U1L 'VWL u'U�1'U 'Ufl11G'lu-:i1'U'U1Vi'Ufl ?11'\JVlL ViG'IB �1'Ufl11il1'il1flfl11

B1'U 1�t11�lJ1'Uvl1LLG'I� 1-uifo 1 'Ufl11vl'Uvl1:ff 'U 

� \I 

g JI OJ q , d • 1 d 1 d "' 'I v , 'I vd - '11flfl11i'lfl�1'U ?l'U'U��1'U11 fl11V11 uLL 'U'Ufl11LflG'IB'U V11LiiBG'lfl'il1flL\1ltl<l 1. 'Ut-J?l'1B1tl LL\1lfl\111-:)'11fl 1, 'Ut-JV1B1tl
dJ " 'I \I" , " , 

'UB ti n11 vl1 -u n111J1'Ull11m nn11 fl11G'I n:ff mf .:i m'il L �B<lil1'11fl m1�i:.i'?t-:im m �iii! B1 nweiu'U LL 1 .:i'Uu.:i fl� 1m du'Vl'U1l1B.:i Vi�Bm 1 
'I ',J" , 

�il r111ii1ii?tii�G'l'UB<l fl11V11.:ivi'1m n:ff 'U Vi�Bfl11ii nJ1�'il��ii �" 1-ff LL 'U'UL �B'U1 ti 1 �_N1'U n11-:i:ff 'U L tl'U(l)'\J 

4. Weller C. bbt'l�f'l ru:/6> rt fl�1 fl11Lfl� B'U1 '11111 'ULL 'U1LLfl'UflG'l1-:)\l11�G'l�G'l<l'UB<lrj?t1iJV1�Bm1 tl1'UB<l�'U1tl hr1vn{n'U

'1'\J (Reduced axial rotation in spouses of sufferers from clinical idiopathic parkinsonism)

1� ti flWl� fl11 fl1'j Lfl� e)'\J 1'11111 uu 'U1LLfl'U flG'l1<lvl11� t1Lfl�e)-:)1�fl11Lfl� B'U 1 Vi1'Uu-:i LL 'U1LLfl'U flG'l1<l�1vl1��� 

u�nru nG'l1.:iV1-u1u fl\1\G'lum� t1 � nm�'UB'UL tlumn 7 -n'11ii.:i 1� mr1 �u.:i'il�?l1m1rim1'1�U �'Y 'Y 1 ru hi\rluil n11 Lfl� B'U 1 Vi1

L u�t1'Uiiiimnn11 7.5 u.:il'11:ffu 1 u LLG'l�ll1�f11�C,J'U1t1G'lfl:ffu'11 m�t1-:ivhiim�V111.:i 45-90 u.:il'\1 LLG'l�ll1�r11'1l1.:iu 1flLLG'l�-d1-:iV1�-:i
, " , , 

'Uu-:inwJuvin 20 'UTYlBBfl 1�t11�Y11nwL\1lu{vi'.:iil �B 1. 'i\'1u1um1LU�t1'Uvi1LLV1u.:ii.:iV1ii� 2. 'i\'1u1'Ufl11LU�t1uvi1LL'Vll1.:i1�t1 

1l](l)e)-:)r)1-:)1'Uvh\!'Umflfl11 15 e)-:)�1 3. 'il1'U1'Ufl11LU�t1'Uvi1LL VIU-:)�Mvi'�r11�n1Vi'U�1�(i)�e)e)flLL�1 4. t-JG'l11ii'Uu<ll-jii�

L tl�tl'ULL UG'l-:i'Uu<lfl11Lfl�u'U1 '1111

'il1L tl'U11(11B<l'UB'UL�tl-:i<J1ii 11'U�'U1tl'Vi�B 1iJ 

1 'Un�iir11ur1iiil 'il1'U1'U m 1Lfl � u'Uv11 u LL m LLfl'Uflt'I 1-:i�1(1111n� L� t1-:i nu A?l 1ilV1�Bfl 11 t11'U B<lc.J'U1t111 r1Y11{ii'UG1'U 
, , \I \I 



6 

( Measurement of axial rotation: Its relevance to screenins for nisht-time hypokinesia in old ase and 

parkinsonism) 

1�cJ m11�nTrnTHfl�B'I.J 1 t-111u bb 'I.J1bbnurnn:ivi'11� mr1�B-rl'�m1bfl�B'I.J 1 m-uu-m munu mn:ici'1v11�&\�u�b 1rum11-:i 

V • d !'1 .:, 'i 'i .d 
., ., 

1 V .d .. .d 1 . ,.i 
' Vi'I.J1Bnvl'1B�'S�cl�b1'11Yl'I.J€l'WL u'I.Jrnn 7 'll1 b:W-:! b�clbfl'SB-:!'il�?l1:W1'rnv!'S1'il'iJU?lqjqJ1ru �L:WB:Wn1'Sbfl'1B'W mb u'1cl'I.Jl.j:W:1.11nn11

7.5 B-:!1'11�'1.J1tl bb'1�vl��1��\J1cJcin�'I.J'il1rn�cJ,:j'Vl1:W:1.J'S�W)1,:j 45-90 B-:!1'11 Lb'1�vl�r11'U1-:!bb'Smb'1�'tl1-:!VILt-:i-uB-:im1'1'1.Jvin 20 
V "I \ 

mviBBn 1�cJ1�w111ihv1B{vi'-:iil AB A '1'1mun11btl�cJ'I.Ji1bbt-1'1-:iJ-:iV1:w��btl�cJmbtl'1-:i'11nvl'1bbV1U-:ibb1n1u 15 B-:il'l1 mu 

mnn11 5 u1vi B.'11'1.J1'1.Jf)1'SbU�cJ'I.Ji1bbt-1'1-:iJ-:it-1:w��btl�cJ'I.JbbtlM'il1nv11bb'Vi'U-:!bL'Sn1tl 15 B-:!l'11 1�cJ1il1�r\'1u-:in-:i-s�cJ�L1m'UB-:! 

f11'Sr11-:!€lcJ'1. 'I.Ji1brn,J,:i,Xu '1 C. '11'1.J1'1.Jf11'SL tl�cJ'I.Ji1 LL t-1iJ-:imv\'v1�r11� fl1ViU� 1 '\Xv1�BBmLiK1 D. e-J'1'S1:W'UB-:!:W:W�L tl�cJ'I.JbL UM'UB-:! 
V I ' 

.d 1 
� !;'I • ,.i O ' 

f11'Sbfl'1B'I.J mE. 'S�cl�b1'11Yl b'llb'I.Jn1'SLu'1cJ'I.J\il1Lbt-1'1.J-:! 

m-s�rn:nvi11u�thcJ hr1vn{nu«u '1'1mu 19r1u LLU-:iL tlu�'l!1cJ 12 r1u LL'1��my-:i7r1mL'1�ti?t1i1t-1�Bm-scJ1 

'Uv-:i�thcJ 1�cJ1un�:w�thcJhr1w1{nulrnb'1�ti?t1iJV1�vm-smi1B1� LU�cJ 70u i:-mm-s�n�1vi'-:iil 

�u1cJ11r1w1{nu«u i1m-sLfl�em1mLL'I.J1LLnunm-:i�1vi'1-uru�'I.JBU'UBcJn111u�?t1i1t-1�Bmw1 1�mwmi'.lu 
A � OJ .JI 

Yfl'S1:WLvi€l'S �-:!'I.J 

A 6.2 +/- 4.3 (patient)LL'1� 8.8 +/- 4.4 (spouses) 

B. 3.0+/- 1.5 (patient) LL'1� 4.3 +/- 1.8 (spouses)

C. 2.1 +/- 1.5 (patient) bL'1� 3.4 +/- 1.4 (spouses)

D. 143 +/- 189 (patient) LL'1� 537 +/- 515 (spouses)

E. 34 UTvi +/- 75 (patient) LL'1� 14 mvi +/- 9(spouses)

'11 nm -s � n�1ilbL?t �-:in-:im1Lr1� vu 1 V111 mLntln'11-:i��u1 cJ 1-s r1w1{nu«ui1 n1-sLr1 �Bu 1 m�uv mb'1 �1h n11r1?t 1il 
V V 

Vi�Bm'ScJ1 mh-:ii1'1m11r1 qJYl1-:!?l� � LL�tJ,:j 1il?t1:1.11-smb?t�-:in-:im1:w«:wi'I.JB'UB-:! €l1��L �:W�'I.Jf1U f)1';j Lfl�Bum 'WLL 'I.J'lbbn'I.J n'11-:! 

�1vl11� zj,:i�€J-:!n1'Sn1'S�n�1L�:Wb�:W�B1tl 



1�q1.h::�.:i1fa�::·1rn·m'U�nu1,fo 

1. L �eliY!l'U1 eitlmru sensor 1v1fl1'lLfl�el'U 1 Vl1'll'1J:i'Uel'Uvfl'U�vlflU\>l1e-J'U1tl �'U1'U'!Jel.:JeJ'U1tlLel.:J
' � \l 

sensor 1vl fl1'l Lfl� el'U 1 vn'll ru :i'U el'Uvfl 'U�vl flUl>l1 �'U1 tl �'U1'U'llel.:J�'U1 tlLel.:J 

7 

3. L �el� fl'tfl'1-!116fl1'l'\Jel.:Jfl'Uel\J�L V!� V!�elfl1'lV!fl�lJ 'il1flfl1'l Lfl�el'U 1 Vl1'11U1fl 1u'!l1.:i'Uel'UV!�el'll1.:Jm'rnfl'U bvltlel'U mru' ' ' 

., d 1 d<i v� ., ., v
0

,

1 
d v v.,1 sensor 1vlfl1'lLfl'1el'U V!1'll'1J:i'Uel'U'VlL'!l�vlflUmr-J u1tl VlU1'U'llel.:Jr-J u1mei.:i 

Ad O A AV 

16v11L 'U'IN1'U1'1tl 

� � 

., d'i' ' 1 'lfl\11Vl b'l.:JVW1U1'1'1Vl1Mmru i.'lfl1fl1'll1vl Vltl ' 

2. �u1m 'U1Lfl'1J"1fl1'l\'1v1L 'U1fl1'lWtl LL'1:i hiL 'U1flULflru't'lfl1'lAv1elelflmlJ�'1:ifl�11vlel 1 'U

3. �u1v hi'fum1eiuu1m�mnu.:i1uWvmh.:i'1::LBtlv1 LL'1:i'1.:J'U1iJL-u1�1iin111�v 

4. �'!!1tl%tl v11L'U'Ufl1'l'U'l:iLi1'U fl1'lLfl�eJ'U1Vl1'll'1J:i'Uel'U bvltl�'\Jmru sensor 1v1fl1'lLfl�eJ'U1V!1'!J'1J:i'UeJ'Uvflif�v1nu1>11

e-i'u1v �'U1'U'llv.:ie-i''l.'.hmei.:i LL'1::v11L uun11int1ru::L�v1nunur1i.'11iJV!�eim1v1'llei.:ie-i'u1v " " " " 

5. Lf1U'Uell,j'1�U L �elvi1fl1'l1Lfl'l1:ivlvlel 1'\J 

6. i.'l'l'Ur-J'1fl1'l1�tl' 

.1 'i' ,d , \""' u'a:i btl'll'UVlfl1v111'1:: vl'aU 

1. V111uin�ru::m1Lfl�eiu1vn'llru::ueiu'!Jei.:i�u1v11flvn{nm1u L u�vuL vlvunu�i.'11iiV!�eim1m vi11 �mm1C1

ufoL 'U�tl'Ul'.111�L V!l-11:ii.'llJ nu�U1tl 1 u'!i1.:Jfl'11.:Jfl'U 

2. i.'11lJ11'1,l1Lel1¥J'1 fl1'a�flt111 '\J'\J1::tln�"l'if L �elL 'U'ULL 'U1Vl1.:J 1'Ufl1'l'\Jel.:Jfl'Ufl11:i LL Vl'aflsiJel'U 1 'Ue-J'U1 tl b 1flVn{n'UG1'U�':il:i Lf1v1

V 1 "" "" d 
'Utltl 'UL1'11fl'11-!lfl'U V!'lel'!J'1J:/Vl'Uel'U 

' � 
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15vl1b'U'lN1'U1�l:l (materials and methods) 

qtlbb'll'llfl11'1�l:l (study design) 

Cross sectional analytic study 

• I d9 ., ' d . ' ' "' ., ( • 2. u 1'::'ll1 mvi l"l n'l!/1 bbG't ::t1'U 1 lil vl1B l:l 1.:i bQ'W 1::vi fl ru:: bb 'WVI l:l f'116'1 VI 1' �Vf16'1.:j mru l.J'\1111VI l:116'1 l:l Study popu lat1on

and Sample size at Faculty of Medicine, Chulalongkorn University) 

- tl1::'iJ1nib'U1'\lll.11l:l (target population)

hwmTl.11'1 �Vl1'1.:imru "1.f11fl1'll11il 1 Vll:J llil l:l"11l.11''H)L 'lJ1Lflf:\.l'nfl1';ifllilL 'lJ1LL'1:: hidJ'U 1 U\9l1l.lL@l<nfmr11iltlelfl bL'1:: nzjl.11'11'U�l.l 

�tlrj"11:WVl�tlmW1'lltl.:J�'U1tl hr1vn{n'U«'Uvfll.lLvlL tl'U t ';iflVn{n'U«'U bL'1::eJ1� 1n�Lfltl.:Jf1'U bL\9lfl�1.:Jf1'UhILn'U 5 tJ

bflf:\.l'nfl11'Rlilelt'.11mb6'1::11°6il.lA1'llflilb'U1'l1l.Jfl11'Afl�11:S'l:l (Inclusion criteria) " ' ' 

�u1m 'lJ1Lflf:\.l'nflTlHhHltl l ';iflVn{n'U«'U 

fl �l.lA1'llfll.l� e)fl "11:WVl�BmW1'lltl.:JN'U1tlVfhJdJ'U hr1vn{n'U'1'U �:Wtl1 ti 1n�b A tl.:J nu N'U1 l:l llil tl'l-11.:J n'U 1l.iLn'U 5 u 
, , \I . \J , \I 

bflN'nfl11'RlilBBfllil1flfl1'aAfl�11�l:l(Exclusion criteria) 

Nt'.h t1V1�Br1"11:uV1�Bm·w 1 til EJ'U titll.J L -u1-s1l-l fl1';i1'1tl 
" " 
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LmwnnTrnvt1�1:u1nn11�n�11'ijl:J (Withdrawal criteria) 

- 'IJ'U1��1mh.:i (sample size)

hflvn{nufu (Measurement of axial rotation: Its relevance to screening for night-time hypokinesia in old age 

and Parkinsonism) f'lmn1ur.ru11:1hflvn{n'Ui;1'U'1l'U1'U 19 f\'U LL��f)�l.Jf\1'Uf\l.J'11'U1'U 19 f\'U 1�1:1iil'i1LU�l:l'lHls'lf111 
',J , , 

Lf\�eJ'U1V11is1'Vll.J�1'ULL'U1LLnt1n�1.:i,ii�11un�l.l�'U11:J�e) 6.2 +/- 4.3 LL��1'U�'11lJVl�B.tn'il:l1�el8.8 +/- 4.4 

1�1:1n1V1u�1'1½ n = 'll'U1��1mh.:i 

Z /J �eJ\'17 type II error n1V1u�1'1½ /3 = 10%; Z /J = 1.28 

cr2 �eil'i1m1l.lLL'Ll1tl11u'llei.:i'\.h�'ll1m LLV1'Uv111:1 s.02 \11nn11rhmru 

d . 2 (n
1 

- l)S.Di2 + (n
2 

- l)S.D; 
Poole variance er = ----------

(71i -l)+(n
2 

-1) 

2(Za 
+Zp)2 cr2

n=------

(A-µ2 )
2 

N= 2 (1. 96+ 1.28)2 (2.1)2 
/ (6.2-8.8)2 

= 14 f\'U 



,, 
"' 0 A A� 3. 'll'U\llel'Uf11'ivl1L'U'Ufl1'a1'iltl 

'Uel'U�'U1'U'llel-:J�L'U1'S1lN1'UWt1 bvlt1:Wi'U\llel'Uf11'j1�tl�1-:i'd 
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1. �u1vvfl�furmiD'ilil!'l hflvn{riuiu \ll1l-lUKPDRS Brain Bank Criteria 1v1mLYlV1VmmmW'j:iUUth:1'11Vl�mfu

'U1-:J\ll'U 

� , 

�u1m 'U11'il LLG'l:i 1 iXL 1G'\1vlvl�'U1 'il bvl!'J8'1'j:i Oel'UG'l-:J'U1l-l1 iXfl11lJEJ'U!'Jell-l L 'U1'S1l-l 1'Ufl1'jW!'J L�m 'U11 'ilLLG'lt:EJ'UE.lell-l L 'U1'S1l-l-:J1'U1� !'J 

LL�1�-:i 1 i½�L -u1-s1l-l bfl'j-:Jf11'j1�!'l'Vi�el'lJ1�"1-:izjm -u1-s1m1uWv 

3. v11Lil'Um'j1�E.11v1v�v1Lfl�el-:i1virn-aLfl�el'UlV11'Uru:::uel'UV1�u �'U1'U'Uel-:J�thv 1vivv\'1m'j�v1Lfl�el-:ii'.ielnwrv1m'j

Lfl�el'U l 'V11�LL 'll'U'U1J-:i 4 'U1-:JLL'1:i��1vl1 LLG'l:ib UVlLfl�el-:iifo LLG'l:iVh fl1'jL zjell-l\ilell qj'l)1llif)Uflell-l�1L\llel{L �el�1'U6''l)'l)1 lli\jfflJfi 

d o " v d ".'I ., d ".'I d � ,, d "' ., � v , d � v 
L YlelVl1 fl1'jb flU'Uell;JG'I \111'1 elvl'j:i !'Jt: L 1"'1Vl� u1 !'J'Uel'U'il'Utl.:J\11 el'UVl� u1 !'J� fl'il1 f\Vl'U el'U � 'U\llel'UL 'll1 Lfl 'jel.:Jl-lel1V1'11lJ1'j(1 � 'll.:J1'U\llelL 'Uel.:J �vi 

u1u s -&11l-l.:i 1viv-um,i"11u'll1.:i��u1v'1n'!lu'il1m�v.:i1u1-1l-l�mnn11 45 - 90 el-:il'\1 u1umnn11 5 u1vi'il:1\)nvi'v1elBn'il1nm'j 

'U1'Uell;JG'll-l11Lfl'j1:i�\ilel l 'U 

4. vl1Lil'Uf11'jW!'J1'U�fl�lli:iLtil!'J1f1U1'U'Uel 3 nu�'11:W'Vi�el .f)'j'j!'J1'Uel-:J�th!'J

5. t11imJl'l�uvh�miLm1:1� 1viv 1'\J'jLLml-l MATLAB

6. t11fi1vfl�m1Lm1:1�V11-:i'1n�

4. ai'i�vh-u::hfl11:::lf (Statistical method)

'UellJl'IJ-:i'Vll-lVlLnm1m1l-lLLG'l:ifl1'j1Lm1:1�Vl1.:J'1i:i�ri1u1ru bv'l!'l program SPSS version 17 .0 (SPSS Inc., Chicago IL) 

bvltl descriptive statistic 'j1!'J.:i1'Uf.JG'IL'U'U mean (standard deviation) 

fl1'jL tl�tlUL Vl!'lUfl11l-lLL\llflvl1-:J'llel.:Jf\1vl1.:J '1 'j:i'Vi11-:J'1el.:Jfl�lJtl'jt:'lJ1m 1vivunpaired T Test 

fl1'j'Vi1.fl11l-l«m�'Ufi'j:i'Vi11-:J parameter vi1-:i1 'Uel-:J fl1'jLfiv1m1::: ICDs, punding, DDS 1vivChi-square test 1viv1iX 

significant level �el p � 0.05 

fl1'j'Vi1f\1«v1?i1'U'llel.:Jfl11l-l«mruu'1v1t1 logistic regression test 1viv1iX significant level �el p �0.05 



5.n1'i�m'U1v'llmru sensor 1vln1'ibfl�el'Ub'Vl1'UN�'Uel'U�1'li�v1nuv11�tl1t:J �'U1'U'Uel-:J�tl1me:i-:i (ni0ht recorder)
, 'U \I � 
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1l18L'Uel'UffHU'il�ii�m:1ru�1.�t:11n'Ui-:ivti1v1 th�ffeJU\i118 5 '11'Wvt«n AB micro-controller, motion sensors (sensor , 

module), a real time clock, a power management module l.b"1� data storage module �-:rn8"1�1.U8vl��d 

Micro- controller (fl1Yi� 1) 

,.h�ne:iuv11t:1 Micro controller MSP430 V11vtu1ffi'UnTl�el?IWUBlJ"111U motion sensors �1'UnTll.zjellJ�B 

1.1.uu 12C 1.�mhu'mJ"1n1'il.fl�ffl.Jb'Vl1 lJ1'i1U'i1lJl.l."1��v1�tl1.1.uu1�1.VllJ1�?1lJf\B'U'U1hhh�lJ1"1r-rn 1.1."1� micro controller 

MSP430 EJ�i1B(i'i'i1n1'il'Ui'l«-:i-:i1u�1 I. VllJ1�nueitln1-sruffi·u\1. U(i'il.(i'ie)�I. tl'UI.I. 'Vl��i'l«-:i•:n'U 

fl1i'l� 1 Microcontroller 

ffi/111,,11 

:::::01\\� 
•1>.e)u,1;a1_1o_u 
P!l.,/UO"f _10_ J'.( 

+],)''b 

'$.J/1,C\ 
P.S.1/'50J. 

P2,7/uA,I_IMT 

Motion sensors (sensor module) (fl1Yi� 2) 

+'J,WO 

"
,.

,,, r··'"' 

♦).]YD 11.J.VO 

t· ·� 
01 

l'◄.o/l(Qt 
P.t,1/L(O? 

u'i�neiut'U'il1n MPU9150 zj�fl18L'UU'i�neiuv118 sensor 3 'lJ'UvlAB accelerometer, gyroscope 1.1."1� 
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magnetometer lvHJ sensor 1.l.lil'1:!'ll'Uvl'11l-l1'rn1v1-u'v¾j'1'lvi' 3 bbn'U (x, y, z) lv1c.1-u'v¾j'1�1v1'lv1"il:!l.'O'U'j:!'lJ'U analog zj-:J"il:!�n 

1.ltlMd]m:!'U'U digital LL'1:!Vl1nl'jtlfot11-:i-u'v¾j'1 (signal conditioning) 'Utl¾J'1'1nuuvimL'UU comma-separated value Vl�B 

CSV format Ll'1:!'1-:J'Utll;J'1BBnvrnm'jL zjBlJliltlbl. 'U'U I2C lv1m1c.J'1:!LBc.Jvl sensor ilvi'-:iil 

Accelerometer: Full scale range +/- 2g, +/- 4g, +/- 8 g, +/- 16 g I.Lmi 16- bit Data triaxial intregrated 

microelectromechanical systems (iMEMS) 

Gyroscope: Full scale range +/- 250, +/- 500, +/- 1000, +/- 2000 degree/ second LL'1:! 16-bit Data 

Magnetometer: Full scale range - 1200 uT LL'1:! 13- bit Data 

fll'\'J� 2 Motion sensors 

+3,JVQ 

"-00 Clr---f 
4...,,per(RIO}, l1C �dO-l'JS· = {1<86 
Jll"l1per(ll11), IZC Addi ess � 0•69 

i,P10 

1V ... 9•• 

External memory interface module (Micro SD card) 
d ,., ., v 'i ., d ,., "' 'l , � 'i 'l v.!f d

,J 
'l , 

o 'l'\.J l.'l'Jtl'U'UVln'llm;J'1 bvlc.l'lltll;j'1Vl'1n'U'UVlnb'Ublv1'1:!'lJ"lblJ-:Jb'll'\'J'UVl 'j:!lJ1f;\J 950 kB '1'1b'U micro SD card nv'U'U1 

11.fl'j1:!1'1vl'lc.lL'U'jl.lml-l MATLAB lilv'lu 

A real time clock module 

Power management module 
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rn1u0utln� 
d v o .,,. r Q,.J  IV .nT1w1 3 LL?1\i1,mn�ru:m1t1u0n LLr.J.:J1.:J'il'l V11'il1nvm1G1\i1n 'll'U1\i1 45*65*23 mm u1V1un 28.9 ml.I 

�e){(l)u"'ml.lvlltl Baud Rate== 115200 bps 'Uun'il1n-dv.:in1V1'U\i11Vl1'Un'Un1'l�0'11'lLL'U'U 12C L�01-iilun11�\i1�e)'J�V111.:i 

sensor MPU9150 zj,:i?11m1nt11urh1vi'i.:i accelerometer Lrn� gyroscope 1\i1t1 sensor 'il�'.)nn1V1'U\i11iiiri1r1111Jfi cut off 
V .JJ � I  I Q.I "'"" I  l ,V  O I AQ.J 'U0-:J\i11n'l0.:Jf111l.1'1\i11'U0-:J accelerometer l.lfl1LV11nu 94 Hz LL6'l�'ll0-:J gyroscope l.lfl1LV11n'U 98 Hz LL"1�n1Vl'U\i1fl1�?1tln1'l 

1\i1'U0.:J accelerometer whnu ±2 g, gyroscope whnu ± 2000 0-:Jl'11�01'U1VI 1\i1tl'U0lJ"1'il1n sensor 'i)��nn1Vl'U\i11iB1'U 

v11t1r111l.lfi ·10 Hz Ld0n1V1'U\i1A1L�l.lvi'u�1.:i1LLih'l'il�L-u1rj �tln1wh.:i1uvi'1'n 1tl1nmm�1m0uvh:nu1tlL�Bt1') 1\i1t1'il�V11 

n1'lm1'il'10'U sensor 'l1ii'UB¾j"11m1�{0l.l�'il�V11n1'lB1'Ufl1Vl�Bhl 1\i1t1Vl'l1'U'il1n'1(\j(lj1ru interrupt �?l.:im'il1n sensor .ff.:i 

t11uri11vi'L tlum1rn -s.:iLrn�fl11l.lL �1L 'U-:Jl.ll.l'llu.:iLLnu XYZ 
' 

L�0uuvin'UB¾j"1(l)"10\i1�'ULL�1 �.:iu1'UBlJ"1�uuvinHlu Micro SD card m1mJci1m-u1rjr10l.lvhL\i1u{ LL"1�V11f11'l 

1Lfl'l1�\'1'Uul.1"1vi1v1 1\i1t11-ift tl1nml.l Matlab �01tl 
" 
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V11n11�v1IIY�Lfl�el�ih:rrv1nTHfl�elu 1 V11�-ueli'hi -um vf1�� 2 -u1� LLG'l�u�rnumrn�1�1 (m'V'l� 4) neluL -u1uelu L tlv1 

d .J.,1 :"I d ., ., 
Lfl1e)�Vl l{lJL u\ilLfl1eNV11'UVIG'I� 

Lfl�el�V11n11uuvin-u'mJG'ln11Lfl�el'UlV11 (m1iid� LLG'l�fl11lJL �1L'll��rnLnu XYZ) 9]\i\G'lelv1n11'Uel'U V1J�'il1m!'U'll1 

'UellJG'l-ffiv1mth�lJ1G'lf.JG'I 1v1t1WhhLLmlJ Matlab 7. 9.0 (R2009b) 'U1'UellJG'llJ1�\ilL�t1�hnJ 1v1t1tl1mLt1V'l1�'UeJlJG'l'il1n ± 1 G 
" " " 

LLG'l�LU�tl'UVI\J1tl gravity L'll'UVI\J1tl eJ�\'11 (degree) 1v1mvit1'U'il1nLLvlG'ltLL'U1LLnu��u1nnu�u1G'ln ��11ilvelnmL'll'U�1 - 90 �� 

+ 90 el�l'l1 LL'11U1f.JG'l�M1.u�1un11mel� LLG'ttn11 down sampling \il1tl factor 60 �1�l\ilU'il'1'\J'U'iltii�1 sampling rate

LV11fl'U 10 samples/ minute 

LLnu1v1LLnuV1d�vv1�'Uelt1 15 eJ�l'l1 Lrn:m11Lfl�el'UlV11'1u1 ri'1�vtj1u�1LLVl\l�L�mnu 5 u1vi LL�1LL'1\il�Nmtlum1vhL'1v1� 

�n�ru�m1Lfl�eJ'UlV11 (m'V'l� 5) 



Mo1ement in degree {blue) and Malk of position changed {black) 

[� 
N o w @ � � B m � a 

min (kom start) 

O A  d � �" ,J ' ., d � (' )A1'Utl1l.lf11'nfWlel'IJb'Vl1'VH�:u1n� mru (sensor) 1�nTnA�el'U b'Vl'l'!ltu�'Uel'U night recorder 

15 

• 'Hrn�rnnmru, mvi (Duration of sleep (minutes)): Total period whilst in bed excluding the first and the

last five minutes 

• flTW-l�fl\111 (Axial movements (Rolling over)): A series of at least a 15-degree rotational movement of

the trunk from one static position to another static position that sustains for at least 5 minutes in a y-axis 

plane 

• f11'i�f1'11fl�'IJB'U (Getting out of bed): A rapid rise of acceleration in the x-axis of more than 45 degrees

from either a static or rotational movement 

• fl11lJ�'!lv.:if11'i'r'l�nv11�v-ff1hi.:i (Frequency (movements/hour)): Number of rolling over per hour of the in

bed period 

• 1-1mo�t11un1'i'r'l�nv11 (Size (degrees)): The angle of the change in position resulting from the axial

Movement 

• 'i�t1�rnnffimun11Vl�nv11, 1mvi (Duration of rolling over (seconds)): Time spent of one episode of

rolling over 

• m1m�11'Uf11'i'r'l�f1\111 (Velocity (radiance/second)): Mean size per second of the axial movement



• 1'111�L��1t..1nT'SYi�rw11 (Acceleration (radiance/second
2
)): The rate of velocity change during axial

movement 

16 
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�mm'ii1t'U'U1�1:.1 (Results) 

�mn7'i1�t11t1'S:!t1:!i1 lJNL'U1�11JWt1 d]ml1'U1'U 6 f1 (N'U1tlL'Sfl'l'n1nu�'ULL'1:!f1?11lJm'it11�ii01t1v11-:inu1ild'1u 10 u)
\I \I '\J \J , 

Llilt1i'ir-rn demographic data lii'-:imn:i� 1 Lt'1:!'Vi'lJ111l.Jilm11Jttvinv11-:inu'll0-:i 01!:l '1Tl'l'Uf1 body mass index (BMI) m1:J 

'S :! ti:! n '11 f11'S'U€lU'U€l-:i�'U1 ti L'S fl'\li1{n'U�Ull'1 :!�?11lJ'\'1�€lm'S 1:.11 

m-s1-:i� 1 demographic data of 6 Parkinson's disease patients and their spouses 

Demographic data PD patients Spouses p value 

(Mean±SD) (Mean±SD) 

Number (males) 6 (6) 6 (0) 

Mean age (years) 65.50±7.45 66.67±7.76 0.88 

Mean weight (kg) 69.67 ±14.46 66.50±14.95 0.35 

Body Mass Index (BMI) 24.30±4.15 26.83±5.71 0.249 

Disease duration 10.8±6.18 

Hoehn & Yahr stage 2.25±1.13 

UPDRS-111 21.5±10.71 

Nl'U1�1lJn7'SWt1'Vlf1fl'Ultl'UNrt'U\il'U11 ?11lJ1'irt1�mJmru sensor 1\ilf11'Slfl�€l'U1'1'1'J'Uill:!'UffU (ni0ht recorder)� 
\I " \I , ::, 

u�nru1�v10 sternum Ll'1:!�LL 'll'U 'U1 1v1mu 1 flu Llilt1 1iJilerum1t1V1�€li111:!LL 'Vl'in-&'0u LL'1:! 1l.Jf�n11iim11Jf0mn\il('U'17f1

mJmru sensor 1\ilf11'Slfl�mJ1V11'Uill:!'U€l'U (ni0ht recorder) LL'1:!N'U1tlL'Sfl'V'l11nu�u viL'U1�1lJf11'i1�EJ lJ'S:!EJ:!L1mn1-s
, :, � 

o "' 'l  .J :"I( ., 
. ) .J ( ) \il1L'U'U�'iflLQ'1tl 10.8 u SD= 6.8) 'i:!\ilUfl11lJ�'ULL'S-:J'U€l-:J€l1f11'S (Hoehn and Yahr staging lQ'1EJ 2.25 50=1.13 LL'1:! 

.d 1 
d 

fl:::Ll'U'Ufl11lJ�ULL'S-:i'll€l-:J€l1f11'i'Vl1-:Jf11'iLfl'1€l'U V11 (UPDRS part 111) li1'1tl 21.5 (50=10.71) 

f.J'1f11'ibfl�€l'U1V11��'llmru sensor 1\ilf11'ilfl�€l'U1'1'11'Uru:::'U€l_'U (night recorder) �U
0

f11'i'Vi�f1v11M�-:iVllJ\il 115 r1?-:i 

LL'1:! L tlUf11'i'1 f1'11 f1�'U€lU 19 r1f-:i L�m U�tlUL Vlt1Uf.J'1 f11'iW vm\11'11 nn�mr 'U1tl Lt'1:! f1?17lJVl�€lfl'S'i EJ1'U€l-:i�'U1 ti L\ilEJ 1 'Uf11?1'1&i 
, , \I ' \I \I 

LLUU non parametric (Wilcoxon's Sign Rank test) '\liU11 1un�lJ�'U1tllJ'17'U1'Uflf-:i'llv-:Jf11'i'Vi�nvi1�u0EJn11�?11iJV1�€l 

mw1 0�1-:iiitl'mh·fo1'Vl1-:i?1 (\&i (P=0. 028) n�1JNtl1EJiJ1J1J�1 'Ul um'iL u� EJ'U'Vl7'17f1'Vl7VI� -:iL tlu5nvhVl�-:i UeJEJ n11r1?11iJV1� €l 
"' , \I , \I 
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UcH11Aq]Vl1'1?1'1&1 (P=0.028) n�ii�u1t1iir111iiL "j-'.!bb'1�fl11l-lb �11 tJn11Vl�m11L U�tl'lJV11'il1n'V11Vlil-1L 'UtJV11Vl�-1 vch:iiiumi1r1 qJ 

vrn?1'1&1 (P=0.028) LL�1� ti� nm��u1mL'1��?11iim1c.11 1 i11i1n11Vl� rn111Lu� t1t.1vi1'il1 nvi1V1�-1dJi15nvi1V1�-1 hiilr111l.l 

LLvin�1-1n'l.l i1vn'il1ndn�iiNtl1c.1iim1'1n:fit1'il1n�t1B'l.l1i1-u1-11�V111-:in11'\.IBt1�mnn11 1'i?11iJV1�v.rmc.11 vch-:iiltl'c.1i1r1ruvrn 
• \I • '\I u 

q d \\. 'I. • d OJ d tJ • 
1 

, d .::,I Cl} 

1 
d " .. 'I 11tl'il1n 6 11tll-ln11bf1'1fflhVl1 �tJ'll1'1fl1'1Vl'1'1Vl'\.IBtln11 tJ'll1'1fl1'1bb1n'lJB-1n11tJBtJB11tl'1�bvtl�Wl-1bb?lvl'1 tJv\111-:!Vl 2 bb'1�r-Ju1tl 

.o1 ' ..i 1 ' "' ( .J.,1., u ' ., ..i 1 v1111-:ivi 2 r11m1Lfl'1B'\.I V11'll1-1nm-:ir1t1 'llru�tJBtJ) vi1v1 vi'il1n� mru sensor 1vin11Lfl'1BtJ Vl1'!lru�tJBtJ (night recorder) 

Parameters PD patients Spouses p value 

(Mean±SD) (Mean±SD) 

Number (males) 6 (6) 6 (0) 

Sleep duration (min) 539.50±83.98 454.50±74.24 0.17 

Total number of 35 99 

movements 

Getting out of bed 2.17±0.75 1.00±0.89 0.02* 

Rolling over 3.67±2.50 15.50±10.54 0.028* 

Frequency 0.39±0.24 2.04±1.25 0.028* 

(movements/hour) 

Size (degrees) 40. 37 ±11.78 81.42±8.40 0.028* 

Duration of rolling over 12.02±3.83 14.76±5.12 0.463 

Speed (radiance/second) 0.08±0.02 0.14±0,03 0.028* 

Acceleration 0.06±0.03 0.18±0.04 0.028* 

(radiance/second2) 

*Statistical significant was defined if Ps 0.05



19 

eiii,J•rnmt') (Discussion)

�v1,J1�MA'Uv-N1ii1�t1 �1\i!ULL 1nAein11��iJ1�,Jmru sensor 1v1f111Lfl�viJLVl1'Uru�itviJ (night recorder) ��vi 

nu �th ti Lvl tlf1111vl�U1iJ Lvltl n1''i1�tl \Jl-i -:JU'j � LiliJ f11TYli'i rnii'11 iJ'U1 -:Jb 1"11iJ 'i)iJ bb'1 � f111'1 mnmvit1-:ib uiirl 1 A ru lvi t1il?1l.ll.l� ,i1iJ11 
\I , , u .u 

accelerometer 1itLfl�v-:i night recorder ?11m1t1th�LilitnW,'li'imi'1'l�mh-:i�nii'v-:i LL'1�V-:i?11l.l11t1�vil-:i'l��1t1 1m1mvfll-i 

. bb'r'l.:J ?lllJ11'11'UU1�biliJf11'jbfl�e)iJ 'l Vl1'U(\J�iJ'i)iJL\il� 

'11mmn111\lt1 L du.:iii'ii ?11m1mL?1v1.:i 1�\ iiii� .:iucyV11�'r'lu1 ii-d1-:iL 1'11ituiJ'llv.:i�u1 t1 l 1fl'r'114niiiii 1 iin11'Yli'i rn.i'1�il 

'17iJ1itflf .:i 1iin11'Yli'invi'1 iimu� t11iin11'Yli'i nvi'1 Lbt')� fl17l.l L �11 iin1wii'i nvi'1�u'vt1n11�?11ilV1�vfl 11t11'UeJ-:i�tht1�ilu1 q

1n�\�t1.:Jf1iJ ;-:J'11nf.J'1f11'j�f1�7?1'1.JU?l1iiJfl11� nocturnal hypokinesia �'r'IU'11nf111Vl1bbUU?lvUtl1lJ �LMt11nUU(\JVl1�e)iJ 

nm-:iAit1iJ�'U1tl L'jfl'Yl71nu,rit �lJ'UqjVl1Ae) elln71bb�.:Jbf1�.:J el1n71U1vl V11t11'1�1u1n 'U?l?\11�'Ueltl'U1-:JmmAiJ bbt')�elln71 

iJe.JiJll-lVl�u<2, 3' s-lBl itun'17n'i1'11nn11�n�1��1iim 'YlU11r-l'1'UeJ-:J nocturnal hypokinesia �-:Jr-J'1�u l')rui11'Ylf111iJe.JiJ mn11 

'Yl7{nit'1iJ1iJ'U1-:Jf1"11.:J1iJ bbt')�fl()Jfl1'Yl'U1�'Uv-:Ji.:i�u1mb'1��vlbb'1<3, 11·13, 16·19> 
, \I \l\l 

'17nn11�n�11ite.J�� eJ6U1tln71n'1'lnnTiLnvi nocturnal hypokinesia HVl'11tlnt')Lf1 U'1\ltlVl�nAe.Jf111\117dlit'UeJ-:J 

L'jfl'r'l71niiiit�b UiJlJl n'1lii '1iJ�-:J'S�\ilU�lJe-J'1�e)e)1f11'j bbf1iJf1"11.:Jci°1vl1 (axial movement) �.:i:ff iinm�tl �b1al�\111 b 'UiJ h fllJl 

u�nru subcortical area nL UiJ?11LVIV1�1l.l�VJ11iLnv1m1Lfl�e.JiJLV11'U11iinmnm-:iAitVl�vnmiiuii<11> �1l.l�1t1 m-s��1-:imt1il

f111LU�tliJLL UG'l.:J'Uu-:iiu�1-:ib 'UiJ v1n11«iiV1�-:Jflv1.:iv vl1Le.J-:J (Pisa syndrome Vl�v scoliosis) nilr-J"1VJ71t1n11Lfl�viJLV11'Uru�

iJe.JiJ�1u1nmn:ffii<12> LLG'l�r-JG'l'Uv-:it11��u1t1'l\ilfo?11m1t1ili1iiV111t1Lnv1m1� mocturnal hypokinesia L'tiiJ t11��b1'll LUittii'ii 

'r'li'inv11UiJbV\ tl-:JlJfl11lJ'1lJ�iJ 6!1U'UqJVl1'Uel-:Jbb iJ1LbniJn"17-:J �1vl1�iJ b 'UiJ'Uqj Vil f11'j b�iJ f11'SVI n�l.l ell f111bb �-:Jbn� .:JbbniJ nm-:i,hvi'1 

n11� n'11n�tl'-:i zj,:i n11�?11m1mh� Liliiucyvn n11'Yli'i n(i(1 'l� L �1 ?11m-st1V111 t1 LL 'r'l'Vl v �VJ LLG'l ?11m -sci 1 t1 n1-SVJLLG'IU'\JV11tii L\il 

fl'SBUfl�l.lu81-:J'S1vlb �1 bb"1�n11� n�1iuLL UU n7'S�n'17nb�tl-:i1it�'U1tlL 1fl'Yl1{nii«ii 'YlU11lJ f1111'1i'iuLL UUf111� n�Ll-1 

V1'11nV1'11m tiv.:i'11f1e.J1'1'1�ilm1LL �-:iLn�-:i'UeJ-:i�1v11<2ll zj,:i n11mt1m'YlL �e.Jtlnn11V1itiivi'1 '1�?11m1t1"1v11um?I n11V1 rntl.l�L tlii' 
."1 d,1 .., 1 ".'I 'l' ,� .., d � ,!/ 'l' d ., (22) .J' .1"' 'l' • I "' d u q)Vl1'Vl.i1fl qJ iJ� u1 ti b 'Sfl'Yl11f1iJ?liJ 'Vl bf1vl'UiJ bvltlb\:l'Yl1�'VlU1iJ bbG'l�iJe) n'17niJf11'j u1U tl1 bvl ull.liJb 'Ylvfl1Ufll.lel1f111

'r'11{nii«ii ?11m1t1-d1t1"1v1eJ1n11m1Lfl�viJLV11�1u1n�eliJnm-:iAit Vl�v'Uru�iJviJ (nocturnal hypokinesia) 'lli1'23• 24> vi'-:ii!ii 
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rn1�?11m1 Clvi'i1'1 'llw dhrn1 f11'ib fl� eJ'U 1 vn� 1U1 flvl eJ'UflG'll.:ifl'U 1vi' EJeJiivi11 i½ Lb Y-lVl tl � f fl'\11?11m1 Cl'llfo flWf fl'\11 � L Vim:: ?Iii 

1,½nu�thtl LVl b �eJGWIU'1JV11bb Vl'ifl'lleJ'U�bflv1v\1lJlJ1 LVl b �'Ubbr-J "1flv1'1'1U'11 fl fl1'i'U eJ'U 1 'UV11 b�lJ'U1'U 'l 'U �Vl1 fl1'iVl1 ti 1"Lrn::�1« fl 

eJ1Vl1'i ��'i)1fl1'i'Ue)v)e) m?lU\11flfl1'i,h«fleJ1Vl1'i b tl'U?l1b Vltl)fl1'ib�t1�'111'1� 1 'U�thtl 11r1Y-11{nmt'U bb"1t1'UeJ'U1flvlfl1'i�?l1lJ1'iCl 

1'U'1\ltlU�VI 1 fl1 'i bfl � e)'U 1 VI 1�1tl1 fl'!J()Jt 'Ue)'U L\iUvltl��th mr.:i 1iiileJ1 fl1 'i�'Uvl b \l'U VI �e) 1 'U��il fl11l-lb� ti��.:) 1 'U fl1'i Ln vi l 'i flY-11 {r\'U 

'1'U n'1t"1llJ1'im tl'Ufl1'i1'W'1iltlLVli.:ibb�'it tltbb 'ifl bb"1tb tl'U'U'it lEJ'!J'U1 'Ufl1'lf fl'\11'ittlttl111vi' miiffivi'ilm'i�fl'\11 1 fl1'il'1fl'l111 'U 

��ilfl11iib�t1�(1le)f11'lbiJt1t1r1v,i14nt1l'U 'ii1m'U 33 11mb�ti'.:ihJ1vi'Eit1ti't111n11bfl�eJ'U1vnJ1U1fl1t1�1.:iL1"11'UeJ'Ubtl'U���ueJfl 

fl1'ibtl'Ul'iflY-l14n'U'1'U1'U��ilm1iib�t1.:i<25> 

fil1'\.Jr-J� (Conclusion)

d • ,. d � • ft d � !'1 .,.., 1 ., "' "
.'1 b 'UeJ.:)'11fltl1fl1'i'lJ1.:)fl"'1.:)fl'Ubb"1t fl1'ibfl"1eJ'U b Vl'lG'lltl1fl'!JCUt'UeJ'U b u'UeJ1fl1'iVleJ1'1 blJ bvl'iUfl1'i?l'U \llJ1fl'Ufl Vl'itl� u'ltl

bb"1t�� bl"11iimm1C1t1Bmcl1mm'i 1 i½LL WV1EJ��bb"1 LV1"1tbBt1vl�fl�B� rn1i�t11 'Q'Ufl'iill sensor 1v1rn'ibfl�B'U 1vn�1�nm.:ifl'U 

�il'!J'U1vlb�fl "11lJ1'i(11 'U\1lvlfltl911�'U1tlb�e)�'lbtl 1-u�1v\v\1lJ'Ufl&i \ltb tl'U'U'it ltl'UiJeJ81�lJ1flfltl�'U1tl t 'iflW1{n'U'1'U�lJ'U�V11�1� 

nm�fl'U Lb"1:i'UeJfl'11 nilti'.:i "11lJ1'iCl'!Jtl1t11 'll�fl�lJ t 'iflf111lJbfl�eJ'U 1 V11i1v1'lln&i�t1vi'1t1 Lb"1:: eJ'U1flvl fl1'i'U1'UeJlJ"1'11 fleJ'U mru1v1n1'i 
'\I , \t , 

.i � dA d A ".'I , A " • 1" . 1 .i � ".'I bfl"1eJ'U b Vl1Vlv\v1VlU'ib 1CUbb '!J'Ubb"1t'!J1'!JeJ��u1tllJ1'i1lJW'11'iCU1 fl'1tVl1 Vl?l1lJ1'iClVl'i1 ti� ubb UUfl1'ibf1"1eJ'U b Vl'lv\eJ'U'UeJ'U'1JeJ.:)�u1tl

LVllJ1fl.iJ''U bb"1::b tl'U'U'it ltl'lltJnUflWf fl'\11 fl1'itltlflbb Utlfl1'ifl1tli11W'U1'\Jvl�eJ L 'UL 'UeJ'U1flvl 
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Abstract 

Although nocturnal hypokinesia represents one of the most common nocturnal 

disabilities in Parkinson's disease (PD), it is often a neglected problem in daily 

clinical practice. We have developed a portable ambulatory motion recorder (the 

NIGHT-Recorder), which consists of 16-bit triaxial iMEMs accelerometers that are 

specifically design,�0�l{o measure movements and to register the position of the body 
< 

,
;],t�,;tt\�, 

with respect to gravify, il,nd provide information on rotations on the longitudinal axis 
.!.":.> 

while lying in bed. ;\ie sfgrii�J processing utilizes the forward derivative method to 
,•:·,� 

. 

identify rolling over and
, 
gettJng}Siit,of bed as primary indicators. The prototype was

,, . "'(,' <. 

tested on 6 PD pairs to measure th,¢frmovements for one night. Using pre-determined
�':i· �"; i:.: 

definitions, 134 movements were c�p���;p consisting of rolling over 115 times and 

getting out of bed 19 times. PD patients i:i11�d over significantly fewer times than 

their spouses (p=0.028), and the position changi\va� significantly smaller in PD 

patients (p=0.028). PD patients rolled over at a sig[iflcantly slower speed (p=0.028) 

and acceleration (p=0.028) than their spouses. In confras(PD patients got out of bed 

significantly more often than did their spouses (p=0.02). It is tebhnically feasible to 

develop an easy-to-use, po1table, and accurate device that can assist physicians in the 

assessment of nocturnal movements of PD patients. 

Key words: Accelerometers; Ambulatory monitoring; Getting out of bed; Nocturnal 

hypokinesia; Nocturnal akinesia; Nocturia; Rolling over; Parkinson's disease 
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Introduction 

Parkinson's disease (PD) is a progressive neurodegenerative disorder with the 

· cardinal features of bradykinesia, rest tremor, rigidity, and postural instability [ 1 ].

Nonmotor symptoms (NMS) in PD are increasingly being recognized in both early

and late phases of the disease and sometimes they are experienced even before the

onset of the first 11}pf◊r,,symptoms, which currently are needed to confirm the
.:fit:.'&, ,."{� 

diagnosis [2]. T�; e�idence is also clear that the range of NMS, including autonomic
tt· \l 

dysfunction, psychiatfilf,fo�plications, pain, fatigue and sleep problems contribute
�7,::z.,· 

' 

significantly to poor hea�th-r�!�(g�:(quality of life in PD patients [3]. While treatment

strategies are widely established fQfoaytime symptoms of PD, nighttime problems
tf{,·::\:}/ 

often are neglected in clinical practicl1[1]i The inadequate recognition of nighttime 
·:::.<".:>.·,., �·, 

problems in PD may be due to a lack ofawaienes_s by both patients and treating 

physicians that these symptoms are PD-related,·ind the inability of patients to 

articulate their nighttime problems during consult�tions. Depending upon the 

instruments used to assess nocturnal symptoms, disturbarices during the night are 

reported to be very common among PD patients. A recent study fo,und that 96.6% of 

patients had at least one nocturnal symptom, based on the criteria developed for the 

modified version of the Parkinson's Disease Sleep Scale [5]. Nocturnal symptoms of 

PD should not be viewed as solely a nighttime problem. It is more accurate to 

consider them as part of a continuum of manifestations that primarily occur in the 

night but with a significant impact on patients' symptoms and functioning during the 

day as well. Recent studies also provide strong evidence of a negative impact of 

nocturnal symptoms on patients' quality of life and increased caregiver burden [ 6, 7]. 
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Nocturnal symptoms in PD can be categorized into four groups: 1) PD-related 

motoric symptoms and nocturia; 2) treatment-related nocturnal disturbances; 3) 

psychiatric symptoms; and 4) other sleep disorders [8]. Among motoric symptoms, 

inability to turn over in bed was rated as the most troublesome symptom and affected 

45-80% of PD patients with insomnia [9]. The ability to roll over is an impotiant

sleep movement because it can enable the person to change positions, which can

reduce the severity of breathing disorders or pressure sores that may occur in PD
.:;1i�\ ..

patients while sleepingll O]. Symptoms may last throughout the night and extend to

the early morning u�{11.}a�ing, including the difficulty in getting out of bed unaided,
�· :; �:· ,- ,<<->;." 

severe tremor, foot dyst'6hia, �nc\;.gainful leg cramps [11, 12]. Sleep problems (middle
,.:i1�f'. ''ii 

and late night insomnia and daytihle sleepiness) were also considered by many
f)�;�,:r&

advanced PD patients as their most ff6µblesome symptoms [13]. These problems are
/:J/"';' 

not usually evident during the daytii�l?Y,ttfniquently occur with excessive daytime
,,'.'.;.J' 

somnolence and fatigue although recent evide11c� �l)ggests that these symptoms are

not highly correlated [ 14, 15]. They also pose significaQ.t challenges for physicians to

recognize specific nocturnal symptoms in individual p�tie9,ts and focus the treatment 

regimen accordingly [14, 16]. It is considered good practicefor physicians to take the 

initiative and raise the issue of nocturnal problems with their patients if it is suspected 
�/t,--,::t>-

during routine consultations [17]. For the reasons noted above, th.er; is a need to 

develop instrnments that are clinically applicable and can assist the treating 

physicians in developing treatment regimens and rehabilitation programs based upon 

an accurate diagnosis of nocturnal symptoms. 

There currently are various methods that can help determine the presence of nocturnal 

symptoms in PD patients. Most of them are in the form of surveys and questionnaires. 
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Earlier practice utilized non-formalized surveys to identify nighttime problems in PD 

[18, 19]. Specific scales, such as the Parkinson's Disease Sleep Scale (POSS), the 

Pittsburgh Sleep Quality Index, and the Scales for Outcomes in PD-Sleep (SCOPA­

Sleep) have been developed specifically to evaluate sleep and nocturnal disabilities in 

PD [20-22]. Recently, our group has modified the POSS in order to capture more 

nocturnal symptom domains and provide the evidence for the relationship between the 

nocturnal manifestati5ms of PD and the daytime wearing-off [SJ. With the advances in 
.. ,�{��{ ;�{:�\, sensor technology'; tqefe is increased interest in the ambulatory assessment of 

symptoms in PD [23J�;Jbut very few studies have been dedicated to the objective 
,'(,::-, >," ,:f., 

monitoring of nocturna!'symptoms [26,27]. Actigraphy is a small, wrist watch-sized 
i:',"•,·:, 

, . ,:,;fr�::< -_.t\, 
activity monitor that can register and quantify physical activity. It has been tested to 

estimate information about sleep ;◊a.ri�bles ( e.g. total sleep time, sleep efficiency, 

wake after sleep onset, number of wake"botit,;;, daytime napping, etc.), with results 

compared with the gold standard overnight poly�oinnography in patients with PD [28-

30]. However, a significant degree of variability in individual PD patients still occurs 

with actigraphy, limiting its use in daily clinical practi�e: Since the inability to turn 

over in bed is the major manifestation of nocturnal hypokin�sia;and preliminary 

evidence suggests that PD patients change their position in bed l��sJrequently than do 

healthy elderly people or their spouses [11,31 ], we sought to devilop an inertial 

sensor that can provide quantitative monitoring of axial rotation of patients with PD 

and their spouses while in bed. 

6 
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Materials and methods 

Design and fabrication 

To detect rolling over in bed and related sleep disruptions, a device is needed to 

measure accurately the body position and movements throughout the sleep period. In 

this respect, Chulalongkorn Centre of Excellence on Parkinson's Disease & Related 

Disorders has co!l�J16r!l.ted with Thailand's National Electronics and Computer 
\ �: � •,::0. ,•, 

Technology Center ig_tde:yeloping a portable ambulatory motion recorder (the 
\�� \'s-"::?,f•:•,, ,;:> NIGHT-Recorder) specipcally for this purpose. The NIGHT-Recorder is composed of

' >  

,,;.,::,1t• 

five module.s: a microcontrollehitJbwer management rnodule, a sensor module, a 

real-time clock module, and a dat,{$tdJage module (Fig. 1). The NIGHT-Recorder is 

powered by a single AA-sized batte1{/1009 mAhr). With its power consumption of 

30 mW, the device can record up to 50 hours or ,ab,()ut 6 nights for a regular 8-hr sleep 
.,u_· ,f': 

tt> .:-

period. The sensor module consists of a 16-bit dfgital-output triaxial integrated 

microelectromechanical system (iMEMS) accelerbmefors (3*5*1 mm, 0.18-0.7 mA) 

that is capable of measuring linear acceleration in threftr�psl�tional planes (x,y,z).

The axis arrangement of the sensor is shown in Fig. 1 with the tr�nsverse plane of the 

chest representing the y-axis. This device has been specifically deiigried to measure 

movements and to determine the position of a human body with respect to gravity, 

providing information on rotations in the longitudinal axis while lying in bed. The 

accelerometer utilizes a differentiable capacitor with central plates attached to the 

moving mass and fixed external plates. The detected acceleration unbalances the 

capacitor resulting in the output wave of the accelerometer. 
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The NIGHT-Recorder was mounted on a lightweight plastic module, 45*65*23 mm, 

weight 28. 9 g, with offset and temperature drift compensation (Fig. 1 ). The device 

was calibrated by measuring the signal under controlled inclination, i.e. by rotating 

the device to provide a signal output corresponding to + 1 and -1 g (the gravitational 

constant). However, it can provide a programmable full-scale range of ±2g, ±4g, ±8g, 

and ±16g respectively. With the full scale range set to ±8g, the smallest change the 

sensor can detect is 0.244 milli-g or 2.393 mm/s2. The DC output is zero when the 
·'• 

.4ii�\-,:-sensitive axis is·tfarapelto the gravitational axis. The recordings were obtained w.ith a 

10-Hz sampling rate1(�11:¥1c!
a,
ta were stored on a 1 Ob-secure digital (SD) memoty card

"1:-,,:_� :. (J{:}, 
in a comma-separated v'if�e (CSY.) format. Each hour of recording constitutes 950 kB

•r�iil::·.' .. -�) of data for storage. A higher·sampli�g rate was considered unnecessary for recording 

nocturnal movements in which thi;���ements tend to be slow. 

;,, 

The NIGHT-Recorder was fastened with Velsrn.ba�ds, and worn above the 

nightclothes at the sternum about 5 cm below the jtigu'ium as it is a rigid body 
� ' ,,, ,;'\'C 

structure close to the center of mass of the body, and tor�·duce artefacts caused by 

arm movements. The sensitive axis (y-axis) for body rollover Was in a transverse 

horizontal plane to the frontal aspect of the sternum, the dorsu�'j/;ihe lower arm 

segment, the frontal aspect of thigh, and the lower leg segment (Fig. 2). The cost of 

the production of the whole system including the analysis software was approximately 

USD 800. 

Detection of rolling over in bed 

8 
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Rolling over in bed is defined as a series of unconscious motions during sleep 

involving rotational body movements [32). In our study, we adopted the operational 

definition of rolling over as a series of at least a 15-degree rotational movement of the 

trunk from one static position to another static position that is sustained for at least 5 

minutes in a y-axis plane. This criterion was applied in some previous studies 

although the period of sustained duration varied [26,31 ]. The movement of limbs was 

not considered as roqing over. In addition, we identified getting out of bed or sitting 
.,·_if''J'.S�. 

up activities fro1µYtn�,rebording by a rapid rise of acceleration in the x-axis of more 

than 45 degrees frori'i'.�ej!fi�r,static or rotational movements [33). 
' .. ,:cf/��\; 

Signal processing 

After one night recording, the data w'�rf tr�psferred from the SD memory card to the 

workstation computer running a high-level lan!s,t1,ag� software for signal processing 

and analysis. After checking that signal output c()n'esponded to + 1 and -1 g, the data 
• ': 

·, 

in the gravity unit were multiplied by the factor of.9,0i� convert to the angular data in

the degree unit. Then, the angular data was filtered to dlspos� of high frequency
,. ,.'· 

' 

(noisy) components by applying a moving average filter of�l'��mples with the 
,'u·, ;�· 

following equation: 
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To reduce computational time while maintaining consistent results, the average filter 

was down-sampled by a factor of 60, resulting in the sampling rate of 10/minute. We 

found that this sampling rate is sufficient for the relatively slow movement at night. 

To detect body rollover according to the above criteria, we performed the forward 

derivative method on the angular data to obtain its derivatives. Samples of the 

derivative signals !h�t llad values of larger than+ 15 or smaller than -15 degrees were 

identified as pot�nti;1f sa,i:nples. The positive and negative values indicated the 
;li> .. ·'\', 

direction of the rollo�er/t�t,gositive values for right turns and negative values for left 
ti+-· 

turns accordingly. Then, the �g:��ff only marked the samples, which fitted the 
.,. ··t:,t/

1
·• 

operational definition of sustaining:fri:.a, new static position of longer than 5 minutes.
1:..� '-\', t�/ 

Similar procedures but with differ�;t/ctlt�ria were also applied to the same set of data 
\�. ',.:_· . ·:'J, 

to obtain the getting out of bed activities/Fig�res 3 and 4 show the samples of the 

data set demonstrating rolling over and gettiiigciutof bed activities in one PD patient 
" · . ,  

and his spouse. 

Experimental verification 

After the study was approved by the Human Ethical Committee 

Medicine of Chulalongkorn University, 12 subjects (6 PD patients and their spouses) 

were invited to participate in the study as part of the experimental verification to 

record their nocturnal movements for one night. Six patients were evaluated by two 

independent movement disorders neurologists, whose assessment was based upon 

clinical findings and examinations. They assigned the diagnosis of PD, using the 

United Kingdom Parkinson's Disease Society Brain Bank (UKPDSBB) diagnostic 
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criteria [34]. In addition, all spouses were carefully examined by the same set of 

neurologists not to have any signs of parkinsonism. Subjects who were bed bound, 

took sedatives or hypnotics, or were diagnosed with any axial musculoskeletal 

disorders were excluded from the study. All participants provided informed consent. 

Experimental procedure 

The experiment -w��;·6�pducted in patients' own bedrooms without any changes or 
�r;

i 

>--·., ,-

modification of their$le�ping environment. All subjects were set up with the NIGHT-
,;;,: .��] 

Recorder placed at th�\{;rriliin as described above. The whole set-up took less than 
·��•,:<1;.

15 minutes. Subjects were inst�t1'§ to complete a sleep diary for sleep times and the
' 

·::,·:.;: 

episodes of getting out of bed if a_Y.:a?�ned. Sleep times were defined as the period

that the subjects were in bed excludiri�th� first and the last 5 minutes. If any

discrepancies occurred between sleep times as provided by subjects' records and sleep
, .• ,., 

times registered by the accelerometer, the re�istiati�n by the accelerometer was 

synchronized with the data reported by the subjects .. The.characteristics of rolling over 

include degrees, duration, velocity, and acceleration. Table·i describes different 

outcome parameters in categories, descriptions, and units. 

Statistical analysis 

Anonymous data, conforming to data protection legislation in Thailand, were 

transferred to the Chulalongkorn Centre of Excellence on Parkinson's Disease & 

Related Disorders for detailed statistical analysis. Baseline characteristics of both PD 

patients and their spouses were summarized using either means, standard deviation, or 

frequencies and percentages as appropriate. Wilcoxon matched-pairs signed-ranks test 
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was used for comparison of outcome parameters between PD patients and their 

spouses. A p value less than 0.05 was considered statistically significant. Statistical 

analysis was performed using SPSS version 17.0 software (SPSS Inc., Chicago IL). 

Results 

Demographic data ��'tdisease characteristics of all subjects are shown in table 2. 
'/ ' 

There were no signif;lf��t;differences between the age, weight, body mass index 
'·\t:t!f>' �/(,,

. 

(BMI), and sleep duratio1f bitween patients and their spouses. All subjects were right 
. /i�]�??{i\i;:-1, 

handed. All participants were'.'able,,to complete a one-night assessment with the 
<tit·>�) 

NIGHT-Recorder without any adverse events. All subjects wore the devices 
' . ; '/:?< :i�: 

comfortably and did not feel the hea{ir�h:�m:itted from the device onto their skin. The 

sleep duration was not significantly different Q.e,tWe�n PD patients and their spouses. 

Mean disease duration of PD patients was 10.8 years (SD = 6.18). In total, 134 
', ,. ' �' 

movements were captured: 115 rolling over and 19 'gettirig out of bed activities. PD 
','/, .- :; ' 

patients significantly had fewer episodes of rolling ov�r tha�'. their spouses (p=0.028) 
.,-;,,-' 

'1 

and the degree of rolling over was significantly smaller in Pb p�tients (p=0.028). PD 

patients significantly rolled less frequent (number of rolling ov:�/i;OG�) than their 

corresponding spouses (p=0.028). While the duration of turns between the two groups 

was not statistically significant, PD patients rolled at a significantly slower speed 

(p=0.028) and acceleration (p=0.028) in comparison to their spouses. In contrast, PD 

patients significantly had more episodes of rising from bed activities than their 

spouses (p=0.02). Pearson's correlation and scattered plots were also performed to 

determine the validity of each parameter (Appendix l ). These episodes had been 
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verified with each of the subject's corresponding sleep diary to identify that the 

purposes of all getting up episodes were nocturia. While four out of six PD patients 

(66.67%) had fewer episodes of rolling over in the latter half of the night, nocturia 

was observed throughout the night in all six PD subjects. Table 3 gives an overview 

of this data. 

Discussion 

.. )t 

The aim of our study wat'"i;•,aeveJop a device (the NIGHT-Recorder) that can capture 
,,{.tti"\�\. 

axial rotational movements in PD:AN e hypothesized that PD patients might show 

different axial nocturnal movemd!t·;::��rns compared with their spouses, but only 

focused on the rolling over and gettirlge:d{it,o:f bed activities in this analysis. Our study 
•::r: 

···.; 

provides an example of an accelerometer in a prpp�r orientation that can be developed 

technically and with the required accuracy of mJ�s�;·ing the kinematics of axial 
;., ' ., . 

rotations at night can be achieved with this deviceitvtor,Jover, the device is easy-to-
· · :n ", 

set-up and is portable. The development of this device is rel.�tive. ly inexpensive with a
;i,·,· 

potential for clinical applications for nocturnal assessment ikFIJipatients. 
"·,.\,·.•· '-•,. 

Although the data can not as yet be generalized, the results of axial nocturnal 

movements in our pilot study have identified several characteristics of the problems 

of rolling over among PD patients, including less frequent turns, smaller turns, and 

slower turns when compared to matched spouses. These findings reinforce previous 

observations of nocturnal hypokinesia, mostly conducted in the form of 

questionnaires and interviews that impaired bed mobility exists and is likely to 
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contribute to a wide range of nocturnal motor and nonmotor symptoms in PD patients, 

such as stiffness, rigidity, pain, breathing disorders, nocturia, or even insomnia 

[5,9, 18, 19,35-37]. Moreover, a number of recent studies suppo1t the negative effects 

of nocturnal hypokinesia on the overall sleep quality, daytime symptoms, and the 

quality of life of both patients as well as caregivers [5,7,35-37]. 

There are several m�'chanisms underlying the axial disability in PD patients. 
,.,;( �,·· .,,�:.-. ·.:i'/,:\,.

Primarily, it is the cHpj91cl manifestation of the disease itself once the progression has 
{i)" }}7 

reached the Hoehn aitcl-Yalfoscale of at least stage 3 or more [38]. It appears that·,J,?,.. ��· 
a-JI', 

disorders of axial movements hll'Pf), patients are dependent on the duration of the
<.";""··,:\.�·rt: 

disease progression and associatedJi19reases in severity due to neurodegeneration\;'. v .. ,/:� 
[39]. However, the aging process on #"6n�opaminergic subcortical structures has been 

found to contribute to the axial impairment in PD. [ 40]. Changes in postural 

alignment, such as camptocormia, Pisa syndrd'fue, atid scoliosis can also pose 

additional mechanical limitation when PD patient{attempt to roll over [41]. 

Moreover, the loss of automatic associated movements a{ 11ight causes the disruption 
: -� ,.. 

{,>:. 

of limb and axial movement sequences, and is probably another c9ntributing factor to 

the problems of rolling over in PD patients [39]. Certain medicati"oi1s, such as 

neuroleptics, may have an affect on the ability of PD patients to turn at night. 

Detection of the rolling over problems in PD has important clinical implications, 

particularly in the area of rehabilitation. As failure to turn in bed is associated with 

gait disturbances, postural instability, axial rigidity, whole body bradykinesia, and 

rising from a chair, identification of the impaired bed motility is likely to lead to early 
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intervention of axial disability in PD, which is now considered as the index of disease 

progression [39,42]. A study that evaluated the movement patterns used by PD 

patients for rising from bed indicated that PD patients were significantly less likely to 

vary the pattern of movement that they used for their trunk and head compared to 

older adults without PD, suggesting that there may be more constraints on degrees of 

freedom in the axial region for people with PD (43]. The rehabilitation program could 

impose a series of ex�rcise training of turning in bed and teaching appropriate 
,,;1',(: .• 

Al?
Y
fi' 

strategies for gecti'frg:;ptit of bed [9,43). Identifying those at-risk for early rehabilitation 
.. •.{f:-�- -f, 

program could poterif{aJly'r�duce the risk of falling since the majority of falls in PD 
�--·'!;,,�- ., ,:.;1, 

happened at home, comi\\:·�(y i9 ,l?ydrooms when patients attempted to get out of bed 
h .. jef:;�(, <tt 

to go to the toilet [44). Recent evfdlnce also suggested that physicians should be more
/%:;r{::·11:, proactive in referring PD patients} (particularly veterans with PD) to physical therapy 

and encouraging their participation i�\�x�rcise [45]. As the ability to turn in bed can 

be dopamine responsive, physicians have the opt{ohof adjusting dopaminergic 

medications to improve nocturnal akinesia onceJde,ntified [46,47]. Since our 

preliminary results suggested that nocturnal hypol�i�esif w,as probably more evident 
;\� '··/•�"•- . 

during the latter half of the night, therapeutic trial of levoc:16�a at bedtime is unlikely 

to be of benefit due to its shott half-life. However, these early fifidi11gs should be 
. J,,' 

:-r,;· .... :, .• 

properly evaluated in large randomized controlled trials as the firi:dings could have a 

significant therapeutic implication on what treatment will be the most appropriate for 

PD patients with nocturnal hypokinesia (e.g. long-acting dopamine agonists). 

Adequate treatment of nocturnal akinesia can probably prevent other complications, 

such as pressure sores, breathing disorders, and aspiration, which are common in 

advanced PD patients. From a diagnostic perspective, subclinical axial movement 

alternations at night may be an important marker for the early diagnosis. However, 
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this proposal was not confirmed in one recent study involving 33 subjects with a high 

risk of developing PD [26]. 

With the advances in circuit technology, the sensors have become smaller in size and 

better in performance resulting in an emerging interest on this technology in the 

ambulatory assessment of nighttime symptoms in PD patients. Indeed, the majority of 

smartphones and pqr,fable media devices nowadays are also equipped with sensor 
·2-0:-'}( 

components, such as'aciq!lerometers. Our study has provided a proof of principle that
,'4\\·· ''\�i 
\t ,.;,:;, 

it is technically feasible\9, de,yelop an easy-to-use, portable, accurate, and cost 
<'�'' ' . 

effective device that can assisJpliYsicians in the nocturnal assessment of PD patients. 
�' •' . ,.; ,.�: 

.·,·:-•·· 
•1,·,,,, 

As it is often difficult for patients.,ro p�ovide adequate clinical information on their 

nighttime problems to their treating phy�kians, we hope that this system can provide 
','.',·, 

objective evidence of the impairment of toilover .in PD patients resulting in 

appropriate intervention to improve the nightti1Je, s§'rnptoms and 9uality of life of PD 

patients. The application of this tool may extend to Jatients with other disorders 

which affect nighttime mobility, such as atypical parkirish9iaf'ldisorders [48). Since 

our research focuses on the identification of rolling over, ad�fti&nal studies are needed 

to develop the protocol to assess the full spectrum of nocturnal i�fri;sia in PD 

patients. By utilizing multisite accelerometers, additional information can be gained if 

we can objectively capture various movement disorders that may occur nocturnally in 

PD patients. Furthermore, the device can also be used to study various bed turning 

strategies in PD patients, which are an important source of information for therapists 

in providing comprehensive rehabilitation in order to prevent nocturnal complications 

associated with PD. 
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Figures 

Figure l: The configuration of the NIGHT-Recorder consisting of five modules: a 

microcontroller, a power management module, a sensor module, a real-time clock 

module, and a data storage module. It is powered by a single AA-sized battery ( 1000 

mAhr) and data are stored on a l Ob-secure digital (SD) memory card. 

Figure 2: Axis orienmff�foof the NIGHT-Recorder when it is worn at the sternum 
�iJB�v:i6k/ 

about 5 cm below the jugulurn. Th;� sensitive axis (y-axis) for body rollover was in a 

transverse horizontal plane t6"t ';:ff�ntal aspect of the sternum, the dorsum of the 

lower arm segment, the frontal asi�biof thigh, and the lower leg segment. 
�-".�, 

--":::!:S" ,<.., 

Figure 3: The samples of the data set demonstratipgtolling over (Red arrow) 

activities in a PD patient (A) and his spouse (B) .. Th� episode of rolling over is 

automatically captured by the fo1ward derivative method:whrh there is at least a 15-

degree rotational movement of the trunk from one static positiop to another _static 

position that sustains for at least 5 minutes in a y-axis plane. 

Figure 4: The samples of the data set demonstrating an episode of getting out of bed 

(Green arrow) in a PD patient (A). Getting out of bed activity is automatically 

captured when there is a rise of acceleration in the x-axis of more than 45 degrees 

from either a static or rotational movement. The signals were amplified to a larger 

scale in B. Red arrows identified rolling over episodes. 
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Table 1: Definitions of nocturnal movement parameters used in our study 

• Duration of sleep (minutes): Total period whilst in bed excluding the first and

the last five minutes

• Axial movements (Rolling over): A series of at least a 15-degree rotational

movement of the trunk from one static position to another static position that

sustains fo,ri�t'll_�ast 5 minutes in a y-axis plane
:zf!{f';\:�� ¼];} 

• Getting out oj:;]?eef: A rapid rise of acceleration in the x-axis of more than 45
�"';,,�:�f .,,,, 

' 

degrees from e1t�<?r:•astatic or ,rotational movement 
,-Cr, 

<fl�::"/·�: 

• Frequency (moveme1J,,tsfqf1iJJ: Number of rolling over per hour of the in bed
'••''!:,!-' 

period

• Size (degrees): The angle of t��i�hange in position resulting from the axial'·'•,.-r'· <-::· 

movement

• Duration of rolling over (seconds): Ti�lspent ofone episode of rolling over

• Velocity (radiance/second): Mean size per·second of the axial movement

• Acceleration (radiance/second2
): The rate of velocity change during axial

movement
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Table 2: Demographic data of PD patients and their spouses 

Demographic data PD patients Spouses (Mean±SD) 

(Mean±SD) 

Number (males) 6 (6) 6 (0) 

Mean age (years) 65.50±7.45 66.67±7,76 

69.67±14.46 66.50±14.95 

Body Mass Index ;;2)t)30±4, 15 26.83±5,71 

(BMI) 

·:�:Ytt:i·· 

Disease duration 1 o. 8±(fl �Lt) 

Hoehn & Yahr stage 2.25±1.13 

UPDRS-III 21.5±10.71 
' 

p value 

0.88 

0.35 

0.249 

PD: Parkinson's disease; UPDRS-III: Unified Parkinson:s.:Disease Rating Scale 

section 3 
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Table 3: Nocturnal movement parameters in PD patients and their spouses 

Parameters PD patients Spouses p value 

(Mean±SD) (Mean±SD) 

Number (males) 6 (6) 6 (0) 

Sleep duration (min):, 539.50±83.98 454.50±74.24 0.17 
,,,,;�>�·. 

:1;;;fi��i, ';·i,,ii': 
Total number of 

·,., 
35 99 

:\ 

movements 
i 

,I,

•• ✓.;';.., 

Getting out of bed 2 rt"b 7S' 1.00±0,89 0.02* ,.) .... �!L-.;, ,i 
,;,• "·'/•i/r> 

,,:,;r�" 

Rolling over 3.67+2<$(}{>- ',,,� ::i
15.50±10.54 0.028* 

Frequency 0.39±0,24 ·, ,,:'\ 2.04±1.25 0.028* 

(movements/hour) ,:.: 

Size (degrees) 40.37±11.78 8lA2±8.40 0.028* 
,,�. 

Duration of rolling over 12.02±3,83 14.76±5.12 ,,.c 0.463 

<.: ;c·i·; 

Speed 0.08±0,02 0.14±0.03 
= 

0.028* 

(radiance/second) 

Acceleration 0.06±0,03 0.18±0,04 0.028* 

(radiance/second2)

* Denotes statistical significance



Journal of Rehabilitation Research & Development 



Journal of Rehabilitation Research & Development 

120x87mm (30� x 300 ,DPI) 



Journal of Rehabilitation Research & Development 

50x20mm (300 x 300 DPI) 



Journal of Rehabilitation Research & Development 

, , .... 1" ......... l ......... t1 
: : : : ;. 

,ty0;.[2!F .··• �/2ti����,��{�:S?:s:�:WJ.},·S1�l 

2Sx10mm (600 x 600 DPI) 



Journal of Rehabilitation Research & Development 

25x10mm (600 x 600 DPI) 



Journal of Rehabilitation Research & Development 

Manuscript at-a-glance 

• Nocturnal disabilities are very common among Parkinson's disease (PD)
patients with up to 96.6% of patients reporting at least one nocturnal
symptom. These symptoms negatively impact patients' quality of life and
increase caregiver burden.

• As part of the nocturnal disabilities in PD, nocturnal hypokinesia contributes
to nightt11Yi , �if§. The majority of falls happened in bedrooms when patients

ii'�;'!;":t� attempt to geliouutbf bed.
�·1, -��::.✓-, ,_.�::, 

• The aim of our sY:�/;s_,!,WJ9fvelop a portable ambulatory motion recorder (the
,.:-t+{�ft·;,,, r� NIGHT-Recorder) that ca�grantify nocturnal hypokinesia in PD patients. As

1{/,�J _\1 part of the experimental �gi:ifr�atipn, the device is able to capture the problems
... ,. - .,. 

of fewer and slower rolling o��t�;i�odes in PD patients in comparison to their
spouses. In contrast, PD patients got quf';f��d more often than did their

. 
!'./.,>.)i-'': 

spouses. Therefore, the device helps identify those patients at-risk of nighttime
disabilities for early intervention that includes reh�bilitation.

• Our study provides the evidence that it is technicafl;'.fe�sible to develop a
·l 

•" ,' 

portable device that can assist physicians in identifying p�tiimts who suffer or
' ·  .. ,·, 

<{,��-:.'', are at risk of nocturnal hypokinesia. Additional studies are warranted to
develop protocols for early treatment, rehabilitation, and strategies to prevent
nighttime falls or accidents in PD patients.





Background 

Nocturnal akinesia can be a distressing problem for both Parkinson's 
disease (PD) patients and caregivers. It can be the result of a long 
period of immobilization and it can cause bedsores and may predispose 
patients to aspiration pneumonia. The multisite wearable 3-axis 
accelerometers were developed to measure nocturnal movements in 
different body regions including the trunk, both arms, and both legs. 

Objective 

To quantitatively compare the nocturnal movement of PD patients 
with their spouses by using multisite accelerometers. 

Method 
The patients who met the diagnostic criteria of PD were included to 

the study with their spouses. The exclusion criteria were: 1) patients 
and/or spouses who were bed ridden or wheelchair bound; 2) a history 
of other neurological diseases or other muscle and joint diseases. 
Nocturnal akinesia dystonia and cramp score (NADCS) and Unified 
Parkinson's Disease Rating Scale (UPDRS) were recorded in the patient 
group, The patients and spouses wore the 3-axis (x,y,z) accelerometers 
at bilateral wrists, bilateral ankles, and trunk for 1 night and VDO was 
recorded at their bedroom. The 5-minute periods after going to bed and 
before waking up in the morning were excluded from the analysis. The 
definition of movement of the trunk is a change of 15 degrees from the 
previous position and sustained for 5 minutes in any axis. The movement 
of limbs is defined as a change of 15 degrees from the previous position 
and sustained for 2 minutes. The orientation of axis x, y, z as figure1. 

Figure 1 

Demographic data of 10 Parkinson's disease patients 

IIIIJiZ�lllttt!IAla1'�f-
J\�e ('{�ahl C . ?!67,1,(7,�) 
Age of onset (years) 56.9 (11.0) 
;o'iircitioil:.9r iliie�se ivears)< .. ·· tio.4 tc;:s)
H&Y stage 2.6 (0.39) 

;tieii�{,J.i,11,mv <•• ,;�tii@.ti1(s.�uJs,�_5<�dVi�:<{1t 
821.75 

Result 

This study included 10 PD patients (9 males and 1 female, 
67.1!7.824 years) and 10 spouses (9 females and 1 male, 65.8!7,436). 
There were no significant differences in mean age between patients and 
spouses. Other demographic data of PD patients was shown in table 1 . 
The data of patients and their spouses' nocturnal movements was shown 
in table 2. Although there were no differences between the number of 
truncal movements between PD patients and their spouses, PD patients 
turned with significant smaller degrees than their spouses (p=0.001 ). 
While PD patients had more episodes of getting up at night than their 
spouses (nocturia), the numbers did not reach statistical significance 
(p=0.07). However, there were a significant correlation between number 
of getting up at night and UPDRS-11I (P 0.042, r 0.650). There were no 
statistical differences between patients and their spouses on the 
number of movements of the extremities, the predominant posture at 
night, and the duration of sleep. 

The nocturnal movement data of PD patients and spouses 

33.4 (18.22) 

•• 19.6 (9.97) 
' .. , ;' .", . 

18.3 (9.88)

27.3 (10.12) 

21.8 (12.48) 

Conclusion 

0.393 

0.631 

Our pilot study was able to quantitatively demonstrate the presence 
of nocturnal akinesia in PD patients. PD patients get up more frequently 
at night than their spouses but the non-significant result is probably due 
to the low number of subjects. Moreover, there is a significant 
correlation between the presence of nocturia and worsening UPDR.S 
section Ill score suggesting that nocturia correlates with the severity of 
motor symptoms in PD. A future study is now planned to recruit more 
subjects with a longer record duration. 
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