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S.A. Koopm ans, A.C. Kooijm an, Pre sbyopia correction and accom m odative  in-

traocular lense s. Ge rontech nology 2006; 5(4):222-230. W ith  age ing, th e  ability of 

th e  e ye s  to focus  ne ar obje cts  is  gradually lost. Th e  progre s s ion of th is  los s  ge ne r-

ally goe s  unnotice d until ne ar tas k s  s uch  as  re ading be com e  im pos s ible  at th e  age  

of 45-50 ye ars , calle d pre sbyopia. Usually, pre sbyopia is  corre cte d w ith  re ading 

glas s e s . W h e n a pre sbyopic pe rson ne e ds  le ns  s urge ry, for instance  to re m ove  an 

opacifie d le ns , th e  opportunity occurs  to im plant a le ns  th at re store s  th e  ability to 

cle arly s e e  at all distance s. Th is  article  discus s e s  s e ve ral m e th ods  for pre sbyopia 

corre ction, including m ultifocal and accom m odative  le ns e s .

K e yw ords : le ns , e ye  s urge ry, accom m odation, pre s b yopia

Accom m odation is  th e  ability to ch ange  

th e  optical pow e r of th e  e ye  for ne ar vis -

ion, allow ing dynam ic focus ing of th e  im -

age s  of clos e  as  w e ll as  far-away obje cts  

on th e  re tina. Cre dit for e xplaining th e  

m e ch anism  of accom m odation in th e  

h um an e ye  is  usually give n to Anth ony 

Cram e r

1

, a ph ys iologist from  Groninge n, 

th e  Ne th e rlands , and H e rm ann von H e lm -

h oltz

2

 from  Be rlin, Ge rm any. Accom m od-

ation be gins  w ith  contraction of th e  cili-

ary m uscle  locate d be h ind th e  iris  

(Figure  1). Contraction of th e  ciliary 

m uscle  m ove s  th e  ape x of th e  ciliary 

body inwards. Th is  re le as e s  th e  circum -

fe re ntial te ns ion on th e  z onular fibre s . 

Th e  z onular fibre s  are  ve ry fine  fibre s  

from  w h ich  th e  le ns  is  s uspe nde d. Th e  

e lasticity of th e  le ns  capsule  and th e  m al-

le ability of th e  le ns  conte nts  e nable  th e  

le ns  curvature s  to incre as e  and th is  re s -

ults  in an incre as e  of th e  optical pow e r 

of th e  le ns. D uring re laxation of accom -

m odation th e  te ns ion on th e  z onular 

fibre s  incre as e s  again, th us  pulling th e  

le ns  back  in its  unaccom m odate d, 

flatte ne d state . 

PRESBYO PIA

D uring life , th e  accom m odative  am p-

litude  gradually de cre as e s . Th is  re s ults  

in difficultie s  w ith  ne ar vis ion at approx-

im ate ly 45 ye ars  of age , calle d pre sby-

opia. At th e  age  of 60 ye ars , th e  accom -

m odative  am plitude  h as  de cre as e d to 

z e ro and all ne ar visual tas k s , w h ich  re -

q uire  a good visual acuity, h ave  be com e  

im pos s ible  w ith out th e  h e lp of re ading 

aids.  O nly s h ort-s igh te d  pe ople  (-1,5 to 

-3 diopte r of m yopia) are  able  to cle arly 

s e e  ne arby w ith out re fractive  corre ction. 

Th e  de cre as e  in accom m odative  am p-

litude  affe cts  e ve ry h um an be ing, al-

th ough  th e re  are  sm all diffe re nce s  in th e  

age  of ons e t of pre sbyopia. Factors  th at 

are  re spons ible  for pre sbyopia are  le ns  

h arde ning

3,4

, aging of th e  ciliary m uscle

5

 

and growth  of th e  le ns , re s ulting in ge o-
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m e tric ch ange s  during age ing

6

. W h ich  of 

th e s e  factors  is  m ost im portant is  still 

th e  s ubje ct of scie ntific de bate . 

Glas s e s  and m onovis ion

Th e re  are  s e ve ral ways  to im prove  ne ar 

vis ion afte r th e  ons e t of pre sbyopia. 

Re ading glas s e s  are  m ost com m only 

us e d (s ince  about 1300). Re ading 

glas s e s  are  plus -pow e re d le ns e s  w h ich  

com pe nsate  for th e  inability of th e  pre s -

byopic e ye  to incre as e  th e  le ns  pow e r. Bi-

focal glass e s

7

 cons ist of two parts. 

Th e re  is  an uppe r part, w h ich  corre cts  

th e  e ye  for distance  vis ion, and in th e  

low e r part a m ore  plus  pow e re d le ns  cor-

re cts  for ne ar vis ion. In trifocal glass e s  

an additional le ns  is  adde d be tw e e n th e  

uppe r and th e  low e r part of bifocal 

glass e s  to give  cle ar vis ion at an inte rm e -

diate  distance . In m ultifocal glass e s , th e  

optical pow e r gradually incre as e s  from  

th e  uppe r part to th e  low e r part of th e  

glas s e s . Th is  e nable s  cle ar vis ion from  

far away to ne arby and at all inte rm e di-

ate  distance s. A drawback  of m ultifocal 

glass e s  is  th at distortion of th e  im age  

m ay occur.

D e ve lopm e nts  in m anufacturing te ch -

niq ue s  h ave  m ade  th e  w e aring of e ye -

glas s e s , including bi- or m ultifocal 

glass e s , com fortable . Eye glas s e s  now -

adays  are  m ade  of ligh tw e igh t, th in and 

strong m ate rials  th at are  re s istant to 

scratch ing. Strong, non-corros ive  and 

h ypoalle rge nic m ate rials  are  us e d for 

th e  fram e s. Ne ve rth e le s s , e fforts  to e lim -

inate  th e  ne ce s s ity of w e aring glas s e s

8

 

h ave  ne ve r abate d. Afte r all, e ye glas s e s  

h ave  a num be r of disadvantage s. For 

one  th ing, th e y are  cons ide re d to be  cos -

m e tically unattractive  by som e . In orde r 

to cle arly s e e  obje cts  at varying dis -

tance s , th e  w e are r h as  to look  th rough  

diffe re nt s e ctions  of h is  or h e r b ifocal 

or m ultifocal glass e s . Glas s e s  w ill cloud 

ove r w h e n m oving from  a cold to a 

warm  e nvironm e nt. Pe ople  m ay be  un-

able  to find th e ir glas s e s  unle s s  th e y 

are  worn continuously. Th e  re ading ad-

dition in b ifocal or m ultifocal glass e s  is  

usually locate d in th e  low e r s e ction of 

th e  glas s , w h ich  m ak e s  it cum be rsom e  

to vie w  clos e  or ove rh e ad obje cts.

A s e cond pos s ib ility for pre sbyopia cor-

re ction is  m onovis ion. Monovis ion 

m e ans  th at th e  pe rson us e s  far vis ion 

corre ction for one  e ye  w h ile  th e  oth e r 

e ye  is  corre cte d for ne ar vis ion. Th is  

can be  ach ie ve d w ith  glas s e s , contact 

le ns e s , corne al las e r s urge ry (LASIK), or 

by im plantation of intraocular le ns e s  

afte r le ns  s urge ry. D e spite  a ce rtain de -

gre e  of succe s s , not e ve ryone  is  re ady 

to acce pt th is  way of ach ie ving s im ultan-

e ous  far and ne ar vis ion. D ifficultie s  in 

th e  brain w ith  fus ion of th e  im age s  

from  e ith e r e ye  caus ing a re duce d ste -

re oscopic vis ion h ave  be e n sugge ste d 

as  factors  influe ncing th e  acce ptance  of 

m onovis ion

9

.

M ultifocal le ns e s

A th ird approach  to im prove  ne ar vis ion 

afte r th e  ons e t of pre sbyopia is  to in-

cre as e  th e  de pth  of fie ld of th e  e ye  by 

providing it w ith  a m ultifocal le ns. Multi-

focal le ns e s  can be  provide d as  contact 

le ns e s  or by im plantation of an intraocu-

lar m ultifocal le ns. A m ultifocal le ns  re s -

ults  in m ore  th an one  focal point be -

Figure  1. Sch em atic, transverse  section 

of a h um an e ye ball, s h ow ing th e  struc-

ture s involved in accom m odation
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caus e  incom ing ligh t rays  are  re fracte d 

diffe re ntly. Usually, m ultifocal le ns e s  

h ave  one  focal point for distance  vis ion 

and th e  oth e r for ne arby vis ion. A draw -

back  of m ultifocal le ns e s  is  th at th e  in-

com ing ligh t in th e  e ye  is  s e parate d in 

two focal points  w h ich  re s ults  in a re duc-

tion of th e  contrast of e ach  im age . Fe w  

pe ople  w e ar m ultifocal contact le ns e s

10

. 

Th is  could be  due  to age -re late d 

ch ange s  in th e  ocular te ar film , w h ich  

m ay affe ct th e  com fort of w e aring con-

tact le ns e s . Also, th e  fine  m otor s k ills  ne -

ce s sary for ins e rtion and re m oval of con-

tact le ns e s  m ay be  an obstacle  for 

e lde rly pe ople . Multifocal intraocular 

le ns e s  m ay caus e  unwante d s ide  e ffe cts , 

s uch  as  glare  and s e e ing h alo’s  around 

ligh t source s

11

. 

Multifocal intraocular le ns e s  can be  

place d in th e  e ye  afte r re m oval of th e  

natural le ns  during cataract surge ry. In 

2005, approxim ate ly 140,000 cataract 

surge rie s  w e re  pe rform e d in th e  Ne th e r-

lands  (population about 16.5 m illion). 

Surge ons  h ave  th e  ch oice  be tw e e n im -

plantation of a m ultifocal or m onofocal 

intraocular le ns. Most surge ons  im plant 

m onofocal le ns e s  and pre scribe  re ading 

glas s e s  afte r surge ry.

ACCO M M O D ATIVE INTRAO CULAR  LENSES

Be caus e  of th e  pote ntial disadvantage s  

of m ultifocal intraocular le ns e s , e ngin-

e e rs  h ave  de s igne d intraocular le ns e s  

th at ch ange  th e  optical pow e r of th e  e ye  

in re spons e  to contraction of th e  ciliary 

m uscle . Th e s e  le ns e s  are  calle d accom -

m odative  intraocular le ns e s . A pre re q uis -

ite  is  th at th e  ciliary m uscle  is  still active  

at olde r age . Be caus e  it is  locate d be -

h ind th e  iris , ciliary m uscle  activity is  dif-

ficult to de te rm ine . Us ing MRI, Stre nk  e t 

al. de m onstrate d

12

 th at th e  ciliary 

m uscle  s h ow s  activity at all age s  afte r 

an accom m odative  stim ulus. A s im ilar 

conclus ion was  re ach e d by Stach s  e t 

al.

13

 on th e  bas is  of h igh  re solution ultra-

sound m e asure m e nts. Ciliary m uscle  

activity m ay th us  be  us e d to cre ate  a 

ch ange  in le ns  pow e r us ing a prope rly 

de s igne d intraocular le ns.

D uring cataract surge ry, th e  opacifie d 

le ns  is  re m ove d th rough  an ope ning in 

th e  le ns  capsule . Th e  le ns  capsule  re -

m ains  in th e  e ye  and th e  intraocular 

le ns  is  im plante d in th is  re m aining cap-

sule . Se ve ral w e e k s  afte r th e  cataract 

surge ry, s h rink age  of th e  le ns  capsule  

occurs , w h ich  re s ults  in a firm  fixation 

of th e  intraocular le ns  in th e  capsule . 

Two type s  of accom m odative  intraocu-

lar le ns e s  are  com m e rcially available . 

Both  are  de s igne d to s h ift forward in 

th e  le ns  capsule  in re spons e  to contrac-

tion of th e  ciliary body. Th is  is  pos s ible  

by attach ing th e  le ns  optic to plate s  

(calle d th e  h aptics) by m e ans  of a 

h inge . Th e  forward s h ift along th e  optic-

al axis  re s ults  in an incre as e  of th e  op-

tical pow e r of th e  e ye . Th e  e ngine e rs  of 

th e  accom m odative  le ns e s  claim  th at in 

re spons e  to ciliary m uscle  contraction, 

th e  pre s sure  in th e  vitre ous  cavity of 

th e  e ye  incre as e s , w h ich  pus h e s  th e  

le ns  optic forward due  to th e  h inge d 

conne ction of th e  le ns  optic to th e  le ns  

h aptic. O ptical calculations  re ve al th at 

an ante rior m ove m e nt of th e  intraocular 

le ns  optic of one  m illim e te r produce s  

approxim ate ly one  dioptre  of accom -

m odation

14

. Us ing partial coh e re nce  in-

te rfe rom e try, a pre cis e  m e asure m e nt 

m e th od, ch ange s  in th e  pos ition of th e  

accom m odative  intraocular le ns  w e re  

m e asure d in patie nts , im plante d w ith  

th e s e  le ns e s

15

. Th e  sm all ante rior s h ifts  

of th e  accom m odative  le ns  optic in re -

spons e  to accom m odative  stim uli, re sul-

te d in a pow e r ch ange  of m axim ally one  

dioptre . H ow e ve r, in m ost patie nts , th e  

pow e r ch ange s  w e re  le s s  and th e s e  de -

cre as e d s e ve ral m onth s  afte r im planta-

tion of th e  accom m odative  le ns

16

. Al-

th ough  s uch  am ounts  m ay be  of som e  

h e lp, a re storation of th re e  to four di-

optre s  of pe rm ane nt accom m odation is  

ne ce s sary to be ne fit all pre sbyope s

17

.
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Afte r im plantation of an accom m odative  

le ns , functional te sts , s uch  as  re ading 

pe rform ance , are  also im portant. A com -

parable  re ading pe rform ance  was  re por-

te d in patie nts  im plante d w ith  m ultifocal 

or accom m odative  intraocular le ns e s  

w h ile  patie nts  im plante d w ith  standard, 

m onofocal intraocular le ns e s  h ad th e  low -

e st re ading pe rform ance . In som e  pa-

tie nts  th e  h inge d conne ction be tw e e n 

th e  le ns  optic and le ns  h aptic of th e  ac-

com m odative  intra-ocular le ns  re sulte d 

in an unwante d ch ange  in le ns  pos ition. 

Afte r s h rink age  and fibros is  of th e  le ns  

capsule , de ce ntrations  of th e  le ns  optic 

occurre d

18

.

In sum m ary, th e  pre s e nt accom m odat-

ive  intraocular le ns e s  s h ow  sm all m e asur-

able  optical pow e r ch ange s  and an im -

prove d re ading pe rform ance  w h e n 

com pare d w ith  standard m onofocal 

le ns e s , but th e  accom m odative  am p-

litude  is  variable  and th e ir fixation in 

th e  e ye  is  le s s  stable  th an th at of conve n-

tional intraocular le ns e s . O th e r type s  of 

accom m odative  le ns e s  s uch  as  th e  Sar-

faraz i le ns  or th e  NU-le ns  h ave  be e n pro-

pos e d. H ow e ve r, in vie w  of th e  lim ite d 

availability of pe e r-re vie w e d publica-

tions  de scrib ing re sults  of clinical or pre -

clinical te sting, th e s e  le ns e s  w ill not be  

discus s e d h e re . 

Accom m odative  le ns  re filling

Since  h arde ning of th e  le ns  s ubstance  is  

cons ide re d an im portant factor contribut-

ing to th e  de ve lopm e nt of pre sbyopia, 

s urge ons  h ave  cons ide re d re m oving th e  

h arde ne d le ns  s ubstance  th rough  a 

sm all ope ning in th e  le ns  capsule  and re -

placing th e  le ns  conte nts  w ith  a soft re -

fill m ate rial in orde r to re store  accom -

m odation. Th e  re filling m ate rial s h ould 

be  soft e nough  so th at it can be  inje cte d 

in th e  le ns  capsule  th rough  th e  sm all cap-

sular ope ning. In 19 64, th e  first e xpe ri-

m e nts  w ith  th is  k ind of surge ry w e re  de -

scribe d

19

. D e spite  th e  e arly be ginning of 

th e  e xpe rim e nts , th is  m e th od for re stora-

tion of accom m odation is  still e xpe ri-

m e ntal. Th e re  are  still s e ve ral q ue stions  

and pote ntial proble m s  th at h ave  to be  

addre s s e d be fore  s uch  a te ch niq ue  for 

re storation of accom m odation can be  

applie d in h um ans. 

In orde r to re fill th e  le ns , a m ate rial 

w ith  s uitable  prope rtie s  h as  to be  us e d. 

Th e  m ate rial m ust be  optically cle ar and 

safe  for th e  e ye . In th e  past, s e ve ral au-

th ors  e xpe rim e nte d w ith  s ilicone  m ate ri-

als

19 -21

. Silicone s  are  also us e d in re gu-

lar, foldable  intraocular le ns e s , and th is  

m ate rial h as  a h istory of be ing w e ll-tole r-

ate d w h e n im plante d in th e  h um an 

e ye

22

. An im portant aspe ct is  th e  re fract-

ive  inde x of th e  re filling m ate rial. In th e  

first e xpe rim e nts  w ith  le ns  re filling in 

19 64, a s ilicone  m ate rial w ith  a re fract-

ive  inde x of 1.40 was  us e d. Th e  e q uival-

e nt re fractive  inde x of th e  natural 

h um an le ns  is  1.42, and th e  re fille d 

le ns e s  h ad insufficie nt optical pow e r 

w h e n com pare d to th e  natural h um an 

le ns. Re ce ntly, s ilicone  m ate rials  w ith  a 

re fractive  inde x of 1.42 w e re  de ve lope d 

by AMO  Groninge n BV, a com pany th at 

m anufacture s  intraocular le ns e s . Th is  

ne w  s ilicone  m ate rial cons ists  of two 

parts  (A and B), w h ich  are  m ixe d toge th -

e r be fore  inje ction. Mixing part A and B 

starts  a ch e m ical cros s -link ing re action, 

w h ich  tak e s  s e ve ral h ours  and re sults  in 

a ch ange  of th e  liq uid s ilicone  into a 

soft ge l. Th e  s ilicone  m ate rial can be  in-

je cte d in th e  capsular bag w h e n it is  still 

liq uid. To pre ve nt le ak ing of th e  re fill 

m ate rial, a sm all plug was  de ve lope d 

w h ich  clos e s  th e  ope ning in th e  le ns  

capsule

23

. Such  a plug allow s  re filling of 

th e  le ns  capsule  w ith  variable  am ounts  

of m ate rial. 

Anoth e r im portant aspe ct of th e  re -

filling m ate rial is  its  Young’s  m odulus , 

w h ich  indicate s  th e  e lasticity. Th e  ac-

com m odative  am plitude  obtaine d w ith  a 

re fille d le ns  s h ould be  at le ast e q ual to 

th at of a young natural h um an le ns  and 
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not be  lim ite d by stiffne s s  of th e  re fill 

m ate rial. Th is  can be  te ste d in an e x 

vivo s e t-up in w h ich  accom m odation (or 

rath e r de saccom m odation) is  m ode lle d 

by a stre tch  ring

24

 (Figure  2).   

Th e  h um an le ns , s uspe nde d in th e  ciliary 

m uscle  ring from  th e  z onular fibre s , is  at-

tach e d to a plastic ring by suture s . Th e  

te ns ion on th e  s uture s  is  controlle d w ith  

a ste ppe r m otor. Th e  ch ange  in optical 

pow e r of th e  le ns  can be  m e asure d w h ile  

th e  te ns ion on th e  s uture s  is  incre as e d 

ste pw is e . Le ns e s  re fille d w ith  th e  softe st 

s ilicone  m ate rial s h ow e d optical pow e r 

ch ange s  com parable  to th at of a 20 ye ar 

old natural le ns , w h ile  unope rate d, pre s -

byopic le ns e s  did not s h ow  any le ns  

pow e r ch ange . Th is  e xpe rim e nt de m on-

strate s  th at an accom m odative  ch ange  

com parable  to th at of a 20 ye ar old natur-

al le ns  can be  re store d to a 60 ye ar old 

pre sbyopic le ns , w h e n th e  le ns  is  re fille d 

w ith  th e  softe st s ilicone  m ate rial.

Be fore  th e  le ns  capsule  can be  re fille d 

w ith  a soft s ilicone  m ate rial, th e  le ns  

conte nts  h ave  to be  re m ove d. Th is  m ust 

be  done  th rough  a sm all ope ning in th e  

le ns  capsule , be caus e  th e  capsule  m ust 

be  k e pt as  intact as  pos s ible . In an 

olde r, pre sbyopic pe rson, le ns  conte nts  

are  h ard and m ay be  difficult to re m ove . 

Manipulation of th e  le ns  conte nts  w ith  

instrum e nts  th rough  a sm all capsular 

ope ning can e as ily caus e  te ars  in th e  

le ns  capsule , be caus e  th e  th ick ne s s  of 

th e  h um an le ns  capsule  is  only 10 µm . 

Th e re fore , th e  com bination of a sm all 

capsular ope ning w ith  a h ard, pre sbyop-

ic le ns  m ak e s  le ns  re m oval te ch nically 

ch alle nging. Re gular cataract re m oval 

te ch niq ue s  and instrum e ntation cannot 

be  s im ply copie d, be caus e  in re gular 

cataract surge ry th e  le ns  conte nts  are  re -

m ove d th rough  m uch  large r ope nings  in 

th e  le ns  capsule  (5 m m  in diam e te r) 

th an th os e  us e d for le ns  re filling (1-1.5 

m m  in diam e te r). Re gular cataract re -

m oval is  usually done  w ith  a h ollow  ul-

trasound ne e dle  w ith  a diam e te r of 0.9  

m m , s urrounde d by an irrigation sle e ve  

w h ich  provide s  a saline  solution to th e  

e ye  in orde r to k e e p it pre s suriz e d. Th is  

m e th od to re m ove  a cataract is  calle d 

ph acoe m uls ification. Th e  total diam e te r 

of th e  ph acoe m uls ifie r is  approxim ate ly 

1.5 m m  and us ing th is  instrum e nt to re -

m ove  th e  h um an le ns  conte nts  th rough  

an ope ning of 1.5 m m  fre q ue ntly re s -

ults  in te aring of th e  le ns  capsule . Las e r 

ph acoe m uls ifie rs  e xist, but th e  diam e t-

e r of th e s e  instrum e nts  (1.5-2.0 m m ) is  

still too large  to re m ove  th e  le ns  con-

te nts  th rough  a capsular ope ning of 1-

1.5 m m . Te ch nical de ve lopm e nt w ill 

h ave  to tak e  place  to provide  an instru-

m e nt w h ich  w ill e nable  surge ons  to re -

m ove  th e  h um an le ns  conte nts  th rough  

a capsular ope ning of 1-1.5 m m . Th e  

le ns  re filling te ch niq ue  h as  be e n carrie d 

out succe s sfully in various  anim al m od-

e ls  and e ye s  of h um an corps e s

24-25

. 

Th e s e  anim al m ode ls  diffe r from  th e  

h um an clinical s ituation be caus e  th e  an-

Figure  2. Stretch  ring use d to induce  ac-

com m odative  ch ange s in h um an lens, 

z onula and ciliary body specim ens; Ro-

tation of th e  oute r ring re sulted in an in-

crease  or decrease  of th e  tension of th e  

suture s; Th e  optical pow e r of th e  lens 

h as be e n m easure d along th e  optical 

axis of th e  lens
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im als  us e d are  young and h ave  soft 

le ns e s  w h ich  can be  aspirate d e as ily. 

Eye s  of h um an corps e s  are  available  

w ith out a corne a or th e  corne a ne e ds  to 

be  re m ove d be caus e  it is  opaq ue . Th is  

m ak e s  e xpe rim e ntal le ns  re filling sur-

ge ry in anim al m ode ls  and e ye s  of 

h um an corps e s  te ch nically e as ie r but 

th e s e  m ode ls  do not re pre s e nt th e  ch al-

le nge s  of le ns  re m oval in a h um an clinic-

al s ituation ve ry w e ll. So, alth ough  le ns  

re filling surge ry can be  carrie d out 

unde r e xpe rim e ntal circum stance s , a 

ne e d for te ch nology re m ains , w h ich  e n-

able s  re m oval of a h ard h um an le ns  

th rough  a sm all ope ning in th e  le ns  cap-

sule .

Usually, afte r le ns  s urge ry, ce lls re m ain 

on th e  ins ide  of th e  le ns  capsule . From  

re gular cataract surge ry, it is  k nown 

th at th e s e  re m aining ce lls start to divide  

and transform  into ce lls found in scar tis -

s ue . Th is  re s ults  in a slowly progre s s ive  

opacification of th e  le ns  capsule , caus -

ing a de cre as e  in vis ion. Th is  type  of opa-

cification is  k nown as  afte r-cataract or 

poste rior capsular opacification. In re gu-

lar le ns  s urge ry for cataract th is  opacific-

ation is  tre ate d w ith  a Yag-las e r. W ith  

th e  Yag-las e r a h ole  is  m ade  in th e  opaci-

fie d le ns  capsule , so th at th e  optical 

axis  of th e  le ns  be com e s  cle ar again. 

W h e n th e  le ns  is  fille d w ith  a soft s ilic-

one  m ate rial afte r le ns  re filling surge ry, 

it is  not pos s ible  to cre ate  a h ole  in th e  

opacifie d capsule  be caus e  it w ill re sult 

in bulging of th e  s ilicone  m ate rial 

th rough  s uch  a h ole . Th e re fore , all ce lls 

capable  of caus ing capsular opacifica-

tion h ave  to be  re m ove d from  th e  ins ide  

of th e  le ns  capsule  during th e  le ns  s ur-

ge ry. To k ill all th e  le ns  ce lls, toxic com -

pounds  h ave  be e n us e d

25

. Th e y are  le ft 

in th e  le ns  capsule  for som e  tim e  afte r 

w h ich  th e y are  re m ove d. A s ide  e ffe ct of 

toxic com pounds  is  th at th e y can dam -

age  oth e r ocular structure s. Th e re fore  

th e y m ust only com e  into contact w ith  

th e  ins ide  of th e  le ns  capsule  w ith out 

le ak ing to th e  re st of th e  e ye . Th is  can 

be  ach ie ve d by dis solving th e  toxic com -

pounds  in a visco-e lastic m ate rial w h ich  

is  re gularly us e d in e ye  s urge ry (sodium -

h yaluronate ). Sodium h yaluronate  can be  

inje cte d in th e  le ns  capsule  w ith out le ak -

ing to oth e r e ye  structure s. Afte r som e  

tim e , it can be  aspirate d again from  th e  

capsule . Us ing sodium h yaluronate  w ith  

actinom ycin D  (a toxic com pound th at 

inte rfe re s  w ith  D NA) on th e  ins ide  of 

th e  le ns  capsule  during le ns  re filling sur-

ge ry, capsular opacification was  e ffe ct-

ive ly pre ve nte d in e xpe rim e nts  pe r-

form e d w ith  rabbits  th at unde rw e nt 

e xpe rim e ntal le ns  re filling. H ow e ve r, 

m ore  work  h as  to be  done  to de te rm ine  

m ore  pre cis e ly th e  e ffe ctive ne s s  and 

safe ty of th is  tre atm e nt in oth e r m ode ls.

W h e n a le ns  re filling m ate rial is  inje cte d 

in th e  e m ptie d capsular bag, th e  

am ount of inje cte d re fill m ate rial w ill de -

te rm ine  th e  curvature  of th e  ante rior 

and poste rior le ns  capsule  and th us  th e  

optical pow e r of th e  le ns. In re gular 

cataract surge ry, intraocular le ns e s  are  

us e d th at are  available  in ste ps  of 0.5 di-

opte r in th e  range  from  0 to 33 diopte r. 

Be fore  cataract surge ry, th e  le ngth  of 

th e  e ye  and th e  corne al curvature  are  

m e asure d. Us ing th e s e  data, a pre dic-

tion can be  m ade  of th e  re s ulting optic-

al s ituation afte r le ns  im plantation. A 

le ns  is  ch os e n from  a stock  of le ns e s , 

bas e d on th is  pre diction. Usually, th e s e  

pre dictions  are  ve ry accurate ; 80-9 0% of 

patie nts  ach ie ve  th e  de s ire d e ye  re frac-

tion w ith in ±  0.5 diopte r

26

. D uring le ns  

re filling, th e  s urge on h as  to e stablis h  

pre ope rative ly, or de te rm ine  intra-ope r-

ative ly, th e  am ount of re filling m ate rial 

th at m ust be  inje cte d in orde r to 

ach ie ve  th e  de s ire d le ns  pow e r. Today, 

no syste m s  are  available  th at provide  

fe e dback  to th e  s urge on th at th e  righ t 

am ount of m ate rial is  inje cte d. In an e x-

pe rim e nt w ith  re filling of pig le ns e s , 

Koopm ans  e t al.

27

 found th at inje ction 

of 0.04 m l of re filling m ate rial incre as e d 
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th e  le ns  pow e r by one  diopte r. Th is  

give s  an indication of th e  pre cis ion 

ne e de d w ith  w h ich  th e  m ate rial is  inje c-

te d during le ns  re filling. A te ch nical solu-

tion to m e asure  th e  re fraction of th e  e ye  

during th e  le ns  s urge ry could be  a sys -

te m  m ounte d on th e  s urgical m icro-

scope , but th e s e  do not e xist ye t and 

w ill h ave  to be  de ve lope d. 

Am ong prim ate s , rh e s us  m onk e ys  h ave  

be e n s h own to h ave  h igh  accom m odat-

ive  am plitude s  and an accom m odative  

anatom y and m e ch anism  s im ilar to th at 

of th e  h um an e ye

28-30

. Th e y also de ve lop 

pre sbyopia w ith  a re lative  age  cours e  

s im ilar to th at of h um ans  culm inating in 

a ne ar com ple te  los s  of accom m odation 

by th e  age  of 25 to 30 ye ars

31

. Th e re -

fore , rh e s us  m onk e ys  are  a suitable  anim -

al m ode l for studie s  of accom m odation, 

pre sbyopia, and le ns  re filling e xpe ri-

m e nts. In m onk e y accom m odation stud-

ie s , carbach ol ch loride  or pilocarpine  

can be  us e d to stim ulate  accom m oda-

tion w h ile  th e  m onk e y is  unde r ge ne ral 

anae sth e s ia. Th e s e  s ubstance s  can be  ap-

plie d to th e  e ye  by iontoph ore s is  or e ye  

drops  and th e y give  a strong stim ulus  to 

th e  ciliary m uscle . Accom m odation can 

be  m e asure d w ith  a re fractom e te r, 

w h ich  m e asure s  th e  re fractive  state  of 

th e  e ye . A re q uire m e nt for a re fracto-

m e te r m e asure m e nt is  th at th e  le ns  and 

th e  re st of th e  optical path  th rough  th e  

e ye  are  cle ar. In th e  past, e xpe rim e nts  

h ave  be e n de scribe d in m onk e ys  in 

w h ich  th e  le ns  nucle us  and corte x w e re  

re m ove d and th e  capsular bag was  re -

fille d w ith  a s ilicone  m ate rial

32-34

. Th e  

s ucce s s  of th e s e  proce dure s  as  de te rm -

ine d by th e  ability to m e asure  accom -

m odation in th e  e ye s  varie d due  to in-

flam m ation and th e  de ve lopm e nt of 

capsular opacification.

Us ing a spe cial tre atm e nt protocol to 

m inim iz e  postope rative  inflam m ation 

and us ing a tre atm e nt w ith  actinom ycin 

D  dis solve d in sodium h yaluronate  in th e  

capsular bag to pre ve nt capsular opaci-

fication, Koopm ans  e t al.

35

 w e re  able  to 

m e asure  accom m odation in five  adole s -

ce nt re fille d rh e s us  m onk e y le ns e s  for a 

pe riod of 37 w e e k s  postope rative . Afte r 

th is  pe riod, capsular opacification pre -

ve nte d furth e r optical m e asure m e nts  of 

accom m odation and in th re e  m onk e ys  

th e  accom m odative  am plitude  h ad de -

cre as e d to alm ost z e ro. An accom m odat-

ive  am plitude  of m axim ally 6.3 diopte r 

was  m e asure d. 

Figure  3 s h ow s  th e  tim e  cours e  of th e  

accom m odative  am plitude  in th e  five  

m onk e ys. Th e s e  e xpe rim e nts  s h ow  th at 

a ce rtain le ve l of accom m odation can be  

re store d afte r le ns  re filling in adole s -

ce nt rh e s us  m onk e ys. Furth e r e xpe ri-

m e nts  are  ne ce s sary to study th e  accom -

m odative  am plitude  in pre sbyopic 

m onk e ys. Also, in th e  future , a m ore  

pe rm ane nt pre ve ntion of capsular opaci-

fication de s e rve s  furth e r atte ntion. 

Conclus ion

Sum m ariz ing th e  state  of de ve lopm e nt 

of accom m odative  intraocular le ns e s , it 

m ay be  conclude d th at th e  accom m odat-

ive  intraocular le ns e s  w h ich  are  com m e r-

cially available  and w h ich  s h ift along th e  

optical axis  of th e  e ye  offe r a lim ite d 

Figure  3. Accom m odative  am plitude  in 

th e  left e ye  of five  adole scent rh e sus 

m onk e ys afte r lens refilling w ith  a silic-

one  polym er; Accom m odation w as stim u-

lated w ith  carbach ol iontoph ore sis  (

), or pilocarpine  e ye drops (

*

); Stand-

ard deviation of th e  accom m odative  

am plitude  varie d betw e en 0.2 and 1.2 

diopte r
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am ount of accom m odation. Accom m od-

ative  le ns  re filling w ith  a soft, transpar-

e nt m ate rial m ay offe r large r am plitude s  

of accom m odation, but th is  te ch niq ue  is  

still in a de ve lopm e ntal stage . Glass e s , 

m onovis ion, or m ultifocal le ns e s  w ill re -

m ain th e  m ost im portant m e th ods  for 

pre sbyopia corre ction, de spite  th e  fact 

th at th e y are  com prom is e s  in te rm s  of 

visual q uality. Give n th e  worldw ide  in-

te re st in th e  corre ction of pre sbyopia, 

th e  prospe cts  for furth e r re s e arch  and 

de ve lopm e nt of accom m odating le ns e s  

are  e xce lle nt.
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