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Abstract
Introduction: Parkinson’s Disease (PD) is a progressive neurodegenerative disorder which presents with a myriad of motor, non-motor and psychiatric 
V\PSWRPV��6\PSWRPV�ZKLFK�DUH�W\SLFDOO\�PRUH�GLIƓFXOW�WR�WUHDW��VXFK�DV�JDLW�DEQRUPDOLW\��SRVWXUDO�LQVWDELOLW\�DQG�IUHH]LQJ�RI�JDLW��LQFUHDVH�WKH�ULVN�RI�
falls in this vulnerable population, which has a negative impact on health outcomes and a considerable economic impact. Novel technologies 
utilising non-invasive neuromodulation may help ameliorate some of these symptoms and reduce the risk and burden of falls. This paper reports a 
case of a PD patient utilising a wearable device delivering vibrotactile stimulation and cueing to aid mobility and reduce risk and number of falls. 

&DVH�3UHVHQWDWLRQ��7KH����\HDU�ROG�PDOH��ZLWK�D����\HDU�KLVWRU\�RI�3'��SUHVHQWHG�ZLWK�SRVWXUDO�LQVWDELOLW\��IUHTXHQW�IDOOV��IUHH]H�RI�JDLW�DQG�GHWHULRUDWLQJ�
coordination. The patient required assistance from his primary caregiver to ambulate and apomorphine injections were utilised by the patient upon 
VHYHUH�IUHH]LQJ�IRU�V\PSWRP�UHOLHI��8WLOLVLQJ�D�ZHDUDEOH�GHYLFH�GHOLYHULQJ�YLEURWDFWLOH�VWLPXODWLRQ�DQG�FXHLQJ�RYHU�D����ZHHN�SHULRG�UHGXFHG�IDOOV�E\�
83%, the FES-1 score by 15.5% and his MDS-UPDRS Part III motor score by 20 points.   

'LVFXVVLRQ��/RQJ�WHUP�XVH�RI�WKH�QRYHO�YLEURWDFWLOH�VWLPXODWLRQ�GHYLFH��ZKLFK�GHOLYHUV�UK\WKPLF�NLQHVWKHWLF�VWLPXOL�RQ�WKH�VWHUQXP��VLJQLƓFDQWO\�
UHGXFHG�WKH�IUHTXHQF\�RI�IDOOV�LQ�WKLV�SDWLHQW�ZLWK�3'��7KLV�ƓQGLQJ�PD\�EH�GXH�WR�LPSURYHPHQWV�LQ�SRVWXUDO�VWDELOLW\�DQG�IUHH]H�RI�JDLW��DV�UHŴHFWHG�LQ�
0'6�83'56�DVVHVVPHQW�VFRUHV��DQG�SDWLHQW�VHOI�UHSRUWLQJ��)XUWKHU�ODUJHU�VFDOH�VWXGLHV�DUH�QHHGHG�WR�FRQƓUP�DQG�YDOLGDWH�WKHVH�ƓQGLQJV���
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Ü�vi]� ��Ã� «À��>ÀÞ� V>Ài}�ÛiÀ°� /�i� «>Ì�i�Ì� Ü>Ã� }�Ûi�� >� ��Ûi��

Û�LÀ�Ì>VÌ��i� ÃÌ��Õ�>Ì����`iÛ�Vi���� Ì�i�Ó£�Ƃ«À��� ÓäÓ£� Ì��ÕÃi�

`>��Þ��ÛiÀ�>�«iÀ��`��v�£{�Üii�Ã°�/�i�«>Ì�i�Ì�Ü>Ã�vÀii�Ì��ÕÃi�

Ì�i�`iÛ�Vi�Ü�i�iÛiÀ��ii`i`]�Ü�Ì���������Ì����`>��Þ�ÕÃi°�

Methods
/�i���ÌiÀÛi�Ì�����Ã�>�Üi>À>L�i�`iÛ�Vi�Ì�>Ì�`i��ÛiÀÃ�À�ÞÌ���V�

���iÃÌ�iÌ�V� ÃÌ��Õ��� Ì�À�Õ}�� >� Ã«iV�>��Ãi`� vÀiµÕi�VÞ� >�`�

«>ÌÌiÀ�����Ü��>Ã�Ì�i�
1£°��Ì��Ã�>ÌÌ>V�i`�Ì��Ì�i�ÃÌiÀ�Õ��Û�>�

�i`�V>��>`�iÃ�Ûi�«>ÌV�iÃ�>�`��«iÀ>Ìi`�Ü�Ì��Ì�i�«ÕÃ���v�>�

LÕÌÌ��°�/�i�«>ÌÌiÀ���v� ÃÌ��Õ�>Ì���� V>��Li���`�wi`�LÞ� Ì�i�

ÕÃiÀ�ÕÃ��}�>��>VV��«>�Þ��}�>««��V>Ì���°�

�ÕÀ��}� Ì�i� ���Ì�>�� Û�Ã�Ì]� >�� ��-�1*�,-� >ÃÃiÃÃ�i�Ì� Ü>Ã�

«iÀv�À�i`�Ì��iÃÌ>L��Ã��>�L>Ãi���i�ÃiÛiÀ�ÌÞ��v���Ã�ÃÞ�«Ì��Ã°�

/�i���-�1*�,-� >ÃÃiÃÃ�i�Ì�Ü>Ã� Ài«i>Ìi`� >}>���Ü�Ì�� Ì�i�

`iÛ�Vi�ÌÕÀ�i`���]�>vÌiÀ�{x����ÕÌiÃ��v�Õ���ÌiÀÀÕ«Ìi`�`iÛ�Vi�

ÕÃ>}i°� /�i� ��-�1*�,-� Ü>Ã� «iÀv�À�i`� Ài��Ìi�Þ]� À�}�`�ÌÞ�

>�`�«�ÃÌÕÀ>��ÃÌ>L���ÌÞ�ÜiÀi�Ì�iÀiv�Ài����ÌÌi`°�Ƃ����ÌiÀ�>Ì���>��

�>��Ã�vwV>VÞ�-V>�i��-��®�Ü>Ã�>�Ã��V��`ÕVÌi`�Ì��iÃÌ>L��Ã����Ã�

L>Ãi���i�V��ViÀ�Ã��v�vi>À��v�v>����}°�/�i�«>Ì�i�Ì�Ü>Ã�>Ã�i`�Ì��

�ii«�>�v>��Ã�V�Õ�Ì�`�>ÀÞ°

/�i� «>Ì�i�Ì� >�`� ��Ã� V>Ài}�ÛiÀ� ÜiÀi� v����Üi`�Õ«� >vÌiÀ� Ì�i�

£{�Üii��«iÀ��`�Ì��Ài>ÃÃiÃÃ���Ã�vi>À��v�v>����}�>�`�Ì��`�ÃVÕÃÃ�

��Ã�iÝ«iÀ�i�Vi�Ü�Ì��Ì�i�̀ iÛ�Vi�������Ài�>Ì����Ì����Ã�ÃÞ�«Ì��Ã°�

Results
Frequency of falls
*À��À�Ì��`iÛ�Vi�ÕÃi]�Ì�i�«>Ì�i�Ì�Ü�Õ�`�v>���>��>ÛiÀ>}i��v�£°Î�

Ì��iÃ�>�Üii�]�iµÕ�Û>�i�Ì�Ì��£n�v>��Ã����£{�Üii�Ã°��ÕÀ��}�Ì�i�

£{�Üii��ÌiÃÌ��}�«iÀ��`��v�ÕÃ��}�Ì�i�`iÛ�Vi]�Ì�i�«>Ì�i�Ì��>`�

v>��i��Î�Ì��iÃ°�

FES-1
/�iÀi�Ü>Ã�>���«���Ì���«À�Ûi�i�Ì������Ã��-�£�ÃV�Ài]�ÀiyiVÌ��}�

��«À�Ûi�i�Ì����xä¯��v�Ì�i�µÕiÃÌ���Ã�`iÌ>��i`�����-�£°��Õ���

�-���ÀiÃÕ�ÌÃ����Ì�i�>««i�`�Ý°

Background
*>À���Ã��½Ã� `�Ãi>Ãi� *�®� �Ã� >� «À�}ÀiÃÃ�Ûi� LÀ>��� `�Ã�À`iÀ� Ì�>Ì�

�>��viÃÌÃ����>��ÞÀ�>`��v�ÃÞ�«Ì��Ã���V�Õ`��}�À�}�`�ÌÞ]�LÀ>`Þ��-

�iÃ�>]�ÌÀi��À]�vÀiiâ��}��v�}>�Ì]�>�`�`�vwVÕ�Ì�iÃ����V��À`��>Ì����

>�`�L>�>�Vi°£��*��«>Ì�i�ÌÃ�Ü�Ì��«�ÃÌÕÀ>����ÃÌ>L���ÌÞ�>�`�Ü>����}�

`�vwVÕ�Ì�iÃ�iÝ«iÀ�i�Vi��>�Þ�V�>��i�}iÃ�Ì�>Ì���VÀi>Ãi�Ì�i�À�Ã���v�

v>��Ã�ÃÕV��>Ã�À�}�`�ÌÞ]�«��À�«�ÃÌÕÀi]�>Ã�Üi���>Ã��ÀÀi}Õ�>À�V�>�}iÃ�

���Ì�i�À�ÃÌÀ�`i�>�`�Ã«ii`°Ó��Ƃ�È����Ì��ÃÌÕ`Þ����v>��Ã�Ã��Üi`�

Ì�>Ì� xä°n¯� �v� *�� «>Ì�i�ÌÃ� vi��� >Ì� �i>ÃÌ� ��Vi� >�`� Óx°{¯� vi���

�Õ�Ì�«�i�Ì��iÃ°Î�Ƃ�Ài«�ÀÌ�>�Ã��v�Õ�`�Ì�>Ì�«>Ì�i�ÌÃ�Ü�Ì��*���>Ûi�

>���}�iÀ�«Ài`�Ã«�Ã�Ì����v�À���«�vÀ>VÌÕÀiÃ]�V��ÃÌ�ÌÕÌ��}�{°Î¯��v�

>���*��«>Ì�i�Ì�i�iÀ}i�VÞ�>`��ÃÃ���Ã°{��{x°n¯��v�Ì�i�«>Ì�i�ÌÃ�

iÛ>�Õ>Ìi`�v�À�v>��Ã��>Ûi�>�Ã��iÝ«ÀiÃÃi`�Ì�i�À�vi>À��v�vÕÌÕÀi�v>��Ã]�

vÕÀÌ�iÀ�V��ÌÀ�LÕÌ��}�Ì��>�«��ÀiÀ�µÕ>��ÌÞ��v���vi°{

ÝÌiÀ�>��>Õ`�Ì�ÀÞ]�Û�ÃÕ>��>�`�Ì>VÌ��i�À�ÞÌ���V�V�}��Ì�Ûi�ÃÌ��Õ��]�

>�Ã�� ���Ü�� >Ã� VÕi��}]� � �>Ûi� Lii�� Ã��Ü�� Ì�� iÝiÀÌ� �>ÃÌ��}�

��Ì�}>Ì��}� ivviVÌÃ� ��� ��ÃÌ� *�� «>Ì�i�ÌÃ½� }>�Ì� ÃÞ�«Ì��Ã°�

�ÕÀÌ�iÀ��Ài]� Ì�i� Li�iwV�>�� ivviVÌÃ� Ü�Õ�`� iÝÌi�`� Ì�� ��Ài�

«>Ì�i�ÌÃ� �v� Ì�i� VÕi��}� ÃiÌÌ��}Ã� V>�� Li� Ì>���Ài`� Ì�Ü>À`Ã� Ì�i�

��`�Û�`Õ>�½Ã���Ûi�i�Ì°x� � Ƃ� Ã�>��� vi>Ã�L���ÌÞ� ÃÌÕ`Þ� ��� VÕi��}�

v�À�v>��Ã��>�>}i�i�Ì�Ã��Üi`�Ì�>Ì�ÇÎ¯�Ài«�ÀÌ�viÜiÀ�v>��Ã�>�`�

È£¯�Ài«�ÀÌ�LiÌÌiÀ�Ãi�v��>�>}i�i�Ì����Ì�i�iÛi�Ì��v�vÀiiâ��}°È 

6�LÀ>Ì�ÀÞ� ÃÌ��Õ�>Ì���� >««��i`� ��� ��Ã��iÃ� ÀiÃÕ�Ìi`� ��� ��Ài�

Ài}Õ�>À�ÃÌÀ�`iÃ]�v>ÃÌiÀ�Ü>����}�Ã«ii`]�L�}}iÀ�ÃÌÀ�`i��i�}Ì�]�>�`�

LiÌÌiÀ� V>`i�ViÇ�Ü���i� Ã��>Ì�Ãi�Ã�ÀÞ� ÌÀ>����}�>�Ã�� ��VÀi>ÃiÃ�

«>Ì�i�ÌÃ½�>Ü>Ài�iÃÃ��v�Ì�i�À�L�`Þ�«�Ã�Ì����>�`���Ûi�i�Ì°n

��� Ì��Ã� V>Ãi� ÃÌÕ`Þ]� Üi� «ÀiÃi�Ì� >� «>Ì�i�Ì� Ü�Ì�� ��i���9>�À�

�9®�ÃÌ>}i�{�*��Ü�Ì��>���ÃÌ�ÀÞ��v�ÀiVÕÀÀi�Ì�v>��Ã°�/�i�«>Ì�i�Ì�

iÝ��L�Ìi`� >� ��Ì>L�i� `iVÀi>Ãi� ��� v>��� i«�Ã�`iÃ� >�`� vi>À� �v�

v>����}�Ü�Ì��Ì�i�>�`��v�>�Üi>À>L�i�̀ iÛ�Vi�̀ i��ÛiÀ��}�Û�LÀ�Ì>VÌ��i�

ÃÌ��Õ�>Ì����>�`�VÕi��}°

Case Presentation
Background
Ƃ�Çx�Þi>À���`��>��Ü�Ì��>�£x�Þi>À���ÃÌ�ÀÞ��v�*�]�>Ì���i���9>�À�

ÃÌ>}i� {]� Ài«�ÀÌi`� `iÌiÀ��À>Ì��}� V��À`��>Ì���]� «�ÃÌÕÀ>��

��ÃÌ>L���ÌÞ]�vÀiiâi��v�}>�Ì�>�`�>���ÃÌ�ÀÞ��v�vÀiµÕi�Ì�v>��Ã°��i��>Ã�

>�«>ÃÌ��i`�V>����ÃÌ�ÀÞ��v��Þ«�Ìi�Ã����>�`�Ã�}���`�Û��ÛÕ�ÕÃ°�

�i� �>Ã� ��� �Ì�iÀ� �iÕÀ���}�V>�� ��ÃÌ�ÀÞ� Ì�� ��Ìi°� /�i� «>Ì�i�Ì�

Ài��iÃ����>«���À«���i����iVÌ���Ã�Õ«���ÃiÛiÀi�vÀiiâ��}�>�`�Ì��

«À�Û�`i�Ài��iv�v�À���Ã�ÃÞ�«Ì��Ã°��i��Ã�«ÀiÃVÀ�Li`��iÛ�`�«>É

Li�ÃiÀ>â�`i� £ää�}ÉÓx�}� ÌÜ�Vi� >� `>Þ]� £Ó�}� �v� À�«���À��i�

��Vi�>�`>Þ]�V>ÀL�`�«>É�iÛ�`�«>�Óx�}É£ää�}�wÛi� Ì��iÃ�>�

`>Þ°��i�Ü>Ã�Õ�>L�i�Ì��>�LÕ�>Ìi�Ü�Ì��ÕÌ�>ÃÃ�ÃÌ>�Vi�vÀ�����Ã�
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MDS-UPDRS
/�i� «>Ì�i�Ì� iÝ��L�Ìi`� >� Óä� «���Ì� Ài`ÕVÌ���� ��� ��Ã� 1*�,-�

>ÃÃiÃÃ�i�Ì� ÃV�Ài]� vÀ��� >� ÃV�Ài� �v� ÎÇ� Ì�� £Ç� >vÌiÀ� ÕÃ��}�

Ì�i� `iÛ�Vi� v�À� >««À�Ý��>Ìi�Þ� {x� ���ÕÌiÃ]� Ü�Ì�� `À>ÃÌ�V�

��«À�Ûi�i�Ì����«�ÃÌÕÀi]�}>�Ì�>�`�vÀiiâ��}��v�}>�Ì°�

Part Test Stimulation off Stimulation on Difference

3.1 Speech 1 0 -1

3.2 Facial expression 4 3 -1

3.4a Finger Tapping - R 0 0 0

3.4b Finger Tapping - L 1 0 -1

3.5a Hand Movements - R 2 1 -1

3.5b Hand Movements - L 1 0 -1

3.6a Pron-Sup - R 1 1 0

3.6b Pron-Sup - L 1 1 0

3.7a Toe Tapping - R 1 0 -1

3.7b Toe Tapping - L 1 0 -1

3.8a Leg Ability - R 0 1 1

3.8b Leg Ability - L 0 0 0

3.9 Arising from Chair 4 0 -4

3.10 Gait 4 1 -3

3.11 Freezing of Gait 4 1 -3

3.13 Posture 3 1 -2

3.14 Global Spontaneity 1 1 0

3.15a Postural Tremor - R 1 0 -1

3.15b Postural Tremor - L 0 0 0

3.16a Kinetic Tremor - R 1 1 0

3.16b Kinetic Tremor - L 2 0 -2

3.17a Rest Tremor - RUE 0 0 0

3.17b Rest Tremor - LUE 0 0 0

3.17c Rest Tremor - RLE 0 1 1

3.17d Rest Tremor - LLE 0 0 0

3.17e Rest Tremor - Lip/jaw 0 0 0

3.17f Constancy of Rest 
tremor

0 2 2

MDS-UPDRS Part III motor examination individual test scores

Assesment Before
device use

After 45 mins 
device use

Percentage 
improvement

Frequency
of falls

1.3/week 0.2/week 83%

FES-1 58 49 15.5%

MDS-
UPDRS total

54.1%33 15
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Ì�iÀi� >Ài� >� �Õ�Ì�ÌÕ`i� �v� *��Ã«iV�wV� À�Ã�� v>VÌ�ÀÃ� Ü��V��

V��ÌÀ�LÕÌi� Ì�� ÀiVÕÀÀi�Ì� v>��Ã� ��� «>Ì�i�ÌÃ� Ü�Ì�� *�°££ We 

�Þ«�Ì�iÃ�Ãi� Ì�>Ì� Ì�i� `À>ÃÌ�V� Ài`ÕVÌ���� ��� Ì�i� vÀiµÕi�VÞ� �v�

v>��Ã����Ì��Ã�«>Ì�i�Ì��Ã�>ÌÌÀ�LÕÌi`�Ì��>��i��>�Vi�i�Ì����«À�«À�-

�Vi«Ì�Ûi� vii`L>V�]� �i>`��}� Ì�� ��«À�Ûi�i�Ì� ��� «�ÃÌÕÀ>��

ÃÌ>L���ÌÞ]�vÀiiâ��}��v�}>�Ì��"�®�>�`�}>�Ì°�

*�ÃÌÕÀ>�� ��ÃÌ>L���ÌÞ� *�®� �Ã� ��i� �v� Ì�i� V>À`��>�� vi>ÌÕÀiÃ� �v�

*�]� ÌÞ«�V>��Þ� «ÀiÃi�Ì��}� >Ì� Ì�i� �>ÌiÀ� ÃÌ>}iÃ� �v� `�Ãi>Ãi°£Ó 


�>À>VÌiÀ�Ãi`�LÞ�>�`�ÃÀÕ«Ì�����v�Ì�i�L�`Þ½Ã�>L���ÌÞ�Ì���>��Ì>���

iµÕ���LÀ�Õ��`ÕÀ��}���Ûi�i�Ì� >�`� >Ì� ÀiÃÌ]� *�� �vÌi�� �i>`Ã� Ì��

ÀiVÕÀÀi�Ì�v>��Ã]���ÃÃ��v���`i«i�`i�Vi�>�`�`iVÀi>Ãi`�µÕ>��ÌÞ��v�

��vi°�£Î,£{,£x�/�i�«>Ì��«�ÞÃ����}Þ�Li���`�*���Ã�V��«�iÝ�>�`���Ì�

Üi���Õ�`iÀÃÌ��`°�-��Vi�*���Ã�ÀivÀ>VÌ�ÀÞ�Ì��`�«>���iÀ}�V�`ÀÕ}Ã]�
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Appendix 
FES-I individual test scores
�-��� �Ã� >� µÕiÃÌ����>�Ài� Ì�� iÛ>�Õ>Ìi� Ì�i� vi>À� �v� v>����}� ���

«>Ì�i�ÌÃ°� ��VÀi>Ã��}� �iÛi�Ã� �v� V��ViÀ�� >Ài� >ÃÃ�}�i`� «���ÌÃ�

vÀ���£�Ì��{�Ü��V��>Ài�Ì�Ì>�i`�>Ì�Ì�i�i�`��v�Ì�i�µÕiÃÌ����>�Ài°�

 �Ì� >Ì� >��� V��ViÀ�i`� £®]� -��iÜ�>Ì� V��ViÀ�i`� Ó®]� �>�À�Þ�

V��ViÀ�i`�Î®]�6iÀÞ�V��ViÀ�i`�{®°����Ü�V��ViÀ�]���`iÀ>Ìi�

V��ViÀ�� >�`� ��}�� V��ViÀ�� >Ài� Ì�Ì>�Ã� À>�}��}� vÀ��� £È�£�]�

Óä�ÓÇ]�Ón�È{]�ÀiÃ«iVÌ�Ûi�Þ°

Part Test Stimulation off Stimulation on Difference

1 Cleaning the house (e.g. sweep, vacuum or dust) 4 3 -1

2 Getting dressed or undressed 3 2 -1

3 Preparing simple meals 4 4 0

4 Taking a bath or shower 3 2 -1

5 Going to the shop 4 4 0

6 Getting in or out of a chair 3 2 -1

7 Going up or down stairs 3 2 -1

8 Walking around in the neighbourhood 4 4 0

9 Reaching for something above your head or on the 
ground

3 2 -1

10 Going to answer the telephone before it stops 
ringing

4 3 -1

11 Walking on a slippery surface (e.g. wet or icy) 4 4 0

12 Visiting a friend or relative 4 3 -1

13 Walking in a place with crowds 4 4 0

14 Walking on an uneven surface (e.g. rocky ground, 
poorly maintained pavement)

4 4 0

15 Walking up or down a slope 4 4 0

16 Going out to a social event (e.g. religious service, 
family gathering or club meeting) 

3 2 -1

Total FES-I Score 58 49 -9
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Fig 1. MDS-UPDRS scores of each component of the remote part III motor examination before using the device and 
after using the device for 45 minutes.
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