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P. D ario. Biorobotics for Longevity. Ge rontech nology 4(1):1-4. Am ong th e  options  offe re d 

by Ge ronte ch nology,  robotics  and m e ch atronic te ch nologie s , in com bination w ith  ad-

vance d b iom e ch anical m ode ls , can provide  th e  ide ntification and slow ing down of th e  

e ffe cts  of age -re late d m odifications  of th e  ne uro-m usculo-s k e le tal syste m s. Th e s e  te ch no-

logie s  m ay incre as e  autonom y of olde r pe ople  by giving th e m  m ore  pos s ib ilitie s  of aging 

at h om e , and re ducing th e  institutionaliz ation tim e . A 3-ph as e s  approach  is  propos e d: (i) 

th e  us e  of robotic and m e ch atronic syste m s  to analys e  age -re late d m odifications  of th e  

m otor control strate gie s  in clinics  or re s e arch  laboratorie s; (ii) th e  us e  of w e arable  sys -

te m s  to as s e s s  m otor pe rform ance  in a non-de dicate d e nvironm e nt; (iii) th e  us e  of 

te ch nological aids  to h e lp e lde rly to live  inde pe nde ntly in th e ir dom e stic e nvironm e nt.

K e yw ords : b iorob otics , b iom e ch anics , aging, re h ab ilitation rob otics , b iom e ch atronics

Th e  population of th e  world is  rapidly 

aging. Th e  industrializ e d worlds  popula-

tion structure  is  s h ow ing m ore  th an 20% 

of its  citiz e ns  age d ove r 60. In th e  ne ar 

future  th is  figure  is  fore caste d to grow  

up to 25% until 2020 and to m ore  th an 

30% until 2025

1

. In th e  sam e  span of 

tim e  th e  num be r of pe ople  age d 80 and 

ove r w ill m ore  th an double . Japan and 

th e  Europe an Union are  am ong th e  old-

e st countrie s . Th e  pyram id of  th e  

population of Italy is  cle arly s h ow ing 

th is  tre nd: it first te nds  to s q uare  and 

late r e ve n to re ve rs e  w ith in a tim e  pe ri-

od of about a ce ntury (Figure  1).

Th is  tre nd h as  s e ve ral social im plica-

tions , including: (i) a large r num be r of 

olde r pe ople  in absolute  and re lative  

te rm s; (ii) an incre as ing num be r of frail 

and disable d pe ople  am ong th e  olde r 

olds; (iii) a sm alle r num be r of inform al 

care rs  (e .g., fam ily care rs); and (iv) a sm al-

le r s iz e  of th e  productive  work force  to 

contribute  to th e  financing of w e lfare  sys -

te m s. Th e s e  e ffe cts , in as sociation w ith  

th e  incre as ing pre s sure  for cost-contain-

m e nt, are  pos ing s ignificant ch alle nge s  

to th e  h e alth  and social care  s e rvice s. 

Th e  us e  of b iorobotic and b iom e ch atronic 

te ch nologie s  (com bine d w ith  b iom e ch anic-

al m ode ls) can h e lp to ide ntify th e  e ffe cts  

of age -re late d m odifications  of th e  ne ural 

and m usculo-s k e le tal syste m s , and in 

som e  cas e s  e ve n to slow  down th e  

ch ange s , th us  incre as ing th e  q uality of 

life  and th e  ability of th e  e lde rly to pe r-

form  daily life  activitie s . Robotic and 

m e ch atronic syste m s  m ay be  us e d to im -

ple m e nt a 3-ph as e s  approach : (i) th e  

m otor (and cognitive ) abilitie s  are  as -

s e s s e d in clinics  by e xploiting th e  

pote ntials  of advance d te ch nologie s  and 

syste m s  in orde r to ide ntify and addre s s  

m ajor de ficits; (ii) w h e n at h om e , th e  

pe rform ance  of e lde rly pe ople  is  continu-

ously e valuate d by us ing w e arable  

syste m s  to re cogniz e  im m e diate ly th e  

ons e t of pos s ible  proble m s  re late d to re -

duce d pe rform ance ; (iii) te ch nological 

aids  are  us e d to com pe nsate  for pos -

s ible  de ficits  and to incre as e  autonom y, 

e spe cially at h om e . 

M O D IFICATIO NS IN TH E MO TO R CO NTRO L 

STRATEGIES IND UCED  BY AGING PRO CESSES 

In th e  re ce nt past, it h as  be e n prove n 

th at olde r pe ople  e xh ib it in som e  cas e s  
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a re duction of th e ir ability to pe rform  dif-

fe re nt tas k s  and th at th is  s ituation can 

caus e  s e ve re  proble m s  s uch  as  an in-

cre as e d ris k  of falling. Falls re pre s e nt a 

h igh  cost for th e  socie ty, be caus e  th e y 

ofte n caus e  fracture s  w h ich  ne ce s sarily 

im ply long pe riods  of h ospitaliz ation. 

Alth ough  m ost re s e arch  approach e d th e  

proble m  of th e  de scription of postural re -

spons e s  to une xpe cte d disturbance s , a 

ge ne ral th e ory is  lack ing for th e  solu-

tion of such  a proble m . A succe s sful 

m e th od for ove rcom ing such  difficulty 

could be  bas e d on th e  de ve lopm e nt of 

biorobotic syste m s  and advance d b io-

m e ch anical m ode ls  th at could be  us e d 

as  m e asuring as  w e ll as  pe rturbing in-

strum e nts  (Figure  2)

3

.

Th e s e  b iorobotic syste m s  s h ould cre ate  

q uite  re alistic s ituations  (i.e ., inducing 

slippage  or a trip th at could be  con-

trolle d, afte r an une xpe cte d appe arance  

on th e  s ubje cts  way) but in a controlle d 

e nvironm e nt in orde r to avoid any dam -

age  to th e  s ubje cts  involve d in th e  

e xpe rim e nts. At th e  sam e  tim e , k ine m at-

ic and k ine tic inform ation m ust be  

re corde d in orde r to ch aracte riz e  th e  re -

spons e  of th e  s ubje cts.

REAL-TIME ASSESSMENT O F SENSO RY-MO TO R PER -

FO RMANCE IN D O MESTIC ENVIRO NMENTS

Th e  m odifications  induce d by th e  aging 

proce s s  can be  analys e d by us ing curre nt 

m otion analys is  syste m s , bas e d on pas s -

ive  or active  m ark e rs  place d on th e  s k in 

of th e  s ubje cts  and track e d by s e ve ral 

cam e ras. Th e ir applicability, h ow e ve r, is  

lim ite d by cost and is  difficult to us e  in 

unstructure d e nvironm e nts  (as  h om e  can 

Figure  1. Pyram ids of th e  Italian popula-

tion (19 00-2000) and 2050 forecast

2

Figure  2. D iagram  of th e  e xpe rim ental 

set-up, s h ow ing a typical body position 

of older adults at slip onset. D ash e d 

line s indicate  th e  leg and th igh  configur-

ation in th e  initial seated position

3

. Z

h ip

 

is  th e  h e igh t of th e  h ip during th e  m ove -

m ent, X

com

 is  th e  h oriz ontal position of 

th e  cente r of m ass of th e  subject, θ
k ne e

 

is  th e  flexion-e xtension angle  during sit-

to-stand. W h ile  standing, th e  foot of th e  

subject is  pe rturbated by a sliding plat-

form
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be ). Biorobotic and b iom e ch at-

ronic te ch nologie s  could 

de ve lop le s s  intrus ive , not e x-

pe ns ive , and portable  de vice s  

w h ich  are  th e n donne d by th e  

e lde rly subje cts  in orde r to 

provide  re al-tim e  inform ation 

about th e ir s e nsory-m otor 

conditions , and to anticipate  

pos s ible  proble m s  and dam -

age s. Th e  e xte ns ive  us e  of 

m icrote ch nologie s  to m iniatur-

iz e  th e  s e ns ing de vice s  can 

be  e nvisage d (re ducing th e  e n-

cum brance  of th e  w e arable  

syste m ). W e arable  syste m s  

re pre s e nt an inte re sting, and re lative ly 

cost saving alte rnative  to th e  com m only 

us e d m onitoring instrum e nts  in clinical 

e nvironm e nts. By including ligh t s e ns ing 

de vice s  and s im ple  data proce s s ing sys -

te m s  th e s e  syste m s  m ay e as ily re cord 

continuously im portant param e te rs  re le v-

ant to daily living activitie s  in 

unstructure d e nvironm e nts  in a s im ple  

way. In th e  re ce nt past, two w e arable  in-

strum e nts , th e  H um an-Glove  and th e  

MEKA syste m  h ave  be e n us e d to as s e s s  

h and or k ne e  m ove m e nts  and to e valuate  

m otor pe rform ance  in e lde rly pe ople . 

Th e  MEKA syste m  (Figure  3) m e asure s  an-

gular rotations  of th e  k ne e  joint, in two 

de gre e s  of fre e dom

4,5

.

Th is  syste m

4

 is  able  to provide  inform a-

tion on th e  e ffe cts  of diffe re nt cognitive  

e fforts  on locom otion and could be  

us e d in th e  ne ar future  for th e  in-h ous e  

as s e s sm e nt of m otor pe rform ance  e spe -

cially to try to re duce  th e  ris k  of falling 

in e lde rly pe ople .

TECH NO LO GICAL AID S TO  INCREASE IND EPEND -

ENCE AND  QUALITY O F LIFE

Th e  availability of pe rvas ive  robotics  

te ch nology, inte grate d into inte llige nt 

am bie nts  and into  global and local ne t-

work s , w ill offe r acce ptable  and 

e ffe ctive  solutions  to th e  grow ing ne e d 

for pe rsonal as s istance , m ainly re late d 

to th e  ste ady incre as e  of th e  num be r of 

e lde rly pe ople . Pe rsonal robots  are  

slowly be com ing available  th at pe rform  

tas k s  s uch  as  lifting h e avy w e igh ts , pre -

paring food, and cle aning k itch e n and 

bath room , w ith  som e  de gre e  of custom -

iz ation bas e d on th e  us e rs  m otor and 

cognitive  s k ills , pre fe re nce s  and h abits. 

An e xam ple  of a future  sce nario in th is  

fie ld is  give n in Figure  4.

CO NCLUSIO NS

Th e  incre as ing e lde rly population m ak e s  

it ne ce s sary to addre s s  s e ve ral is s ue s  

conce rning th e  aging e ffe cts  of th e  

ne uro-m usculo-s k e le tal syste m , and of 

incre as ing th e  le ve l of inde pe nde nce  of 

th e s e  pe rsons. In th is  Editorial, th e  tools  

th at can be  offe re d by b iorobotics  in 

orde r to addre s s  diffe re nt proble m s  and 

is s ue s  h ave  be e n brie fly illustrate d. Al-

Figure  3. Th e  MEKA system  (A) and its 

use  during gait analysis (B)

Figure  4. A possible  future  scenario in th e  field of 

robotics and m ech atronics for pe rsonal assistance

6
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th ough  s e ve ral e xpe rim e nts  are  still 

ne e de d to validate  th e  diffe re nt sys -

te m s , pre lim inary findings  h ave  s h own 

th at th e y can h e lp e lde rly to incre as e  

th e ir q uality of life  in a s ignificant way.
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A M ESSAGE FRO M  TH E ED ITO RS

At th e  start of th e  4th  volum e  w e  want 

to th ank  th e  pe e r re vie w e rs  of volum e  3: 

Sara Cz aja, Ke e s  Knipsch e e r, Je an-Paul Le -

fèvre , Anne -Soph ie  Me le nh orst, Jan 

Rie ts e m a,  W e ndy Roge rs , Andre w  Six-

sm ith , Tos h iyo Tam ura, and H iroyuk i 

Um e m uro, and th e  m e m be rs  of our e ditor-

ial board.

In addition w e  would lik e  to inform  th e  

m e m be rs  of th e  Inte rnational Socie ty for 

Ge ronte ch nology and oth e r re ade rs  of 

som e  of th e  ch ange s  th at w ill tak e  place  

starting th is  is s ue .

To m ak e  th e  inform ation available  to th e  

ge ronte ch nological com m unity in a 

faste r way, w e  h ave  starte d to place  th e  

so-calle d corre cte d proofs  on th e  journ-

als  w e bs ite  be fore  publis h ing th e m  in an 

is s ue  of th e  journal. Som e  oth e r im prove -

m e nts  include  th e  follow ing. SCRIBUS is  

now  us e d as  th e  type s e tting program . A 

ne w  w e bs ite  is  unde r construction, m ak -

ing th e  downloading of individual 

contributions  e as ie r. Be st practice s  are  

pe e r-re vie w e d now , and conte nt page s  

h ave  be e n give n a diffe re nt look .

Som e  m inor ch ange s  w e re  m ade  in th e  

notice  to contributors. Ple as e  consult th e  

ne w  rule s  be fore  s e nding us  your 

m anuscripts.

W e  are  also h appy to re port th at th e  

te am  of e ditors  h as  furth e r incre as e d to 

s ix, and ne w  re pre s e ntative s  from  Arge n-

tine , Finland, France  and th e  USA h ave  

re ce ntly stre ngth e ne d th e  e ditorial 

board. 

W e  w is h  you an inte re sting and ple asant 

re ading of th e  first is s ue  of volum e  4!

Th e  e ditors  of Ge ronte ch nology

J.E.M.H . van Bronsw ijk , H . Boum a,

D .G. Bouw h uis , J.L. Foz ard, F.L. van Ne s , 

L.R. Norm ie
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