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Description 

This  invention  relates  to  the  testing  and  evaluation 
of  eye  wetting,  and  more  particularly  to  the  wetting 
of  contact  lenses  worn  on  the  eye  of  a  subject. 

It  is  commonly  assumed  that  the  wettability  of  a 
contact  lens  is  directly  related  to  its  comfort,  optical 
qualities,  and  wearing  qualities.  The  bare  eye  is  nor- 
mally  protected  by  a  tear  film  having  a  thickness  in 
the  range  of  6-7  microns.  This  tear  film  is  composed 
primarily  of  an  aqueous  saline  solution,  with  lesser 
components  of  lipid  and  of  mucin,  an  assortment  of 
glycoproteins.  The  fluid  also  contains  debris,  such  as 
dust  and  sloughed  epithelial  cells.  The  normal  precor- 
neal  tear  film  on  the  bare  eye  is  quite  stable.  The 
aqueous  component  may  be  calculated  to  thin  out  to 
the  point  of  break-up  by  pure  evaporative  processes 
over  a  time  interval  of  5-10  minutes.  The  film  is 
refreshed  upon  blinking,  and  the  normal  interbiink  in- 
terval  is  substantially  shorter  than  5  minutes,  so  dry- 
ing-out  is  not  normally  encountered. 

By  contrast,  when  a  contact  lens  is  placed  on  the 
eye,  each  blink  of  the  lid  refreshes  a  tear  film  on  the 
outer  surface  of  the  contact  lens,  called  the  prelens 
tear  film,  which  is  typically  less  than  1  micron  in 
thickness.  Drying  of  the  film  to  zero  thickness  typi- 
cally  occurs  in  under  10  seconds.  A  dry  lens  can  be 
uncomfortable,  sticks  to  the  eye  and  lids,  and  may  be 
expected  to  display  inferior  optical  performance  due 
to  scattering  from  uncovered  surface  imperfections. 
In  addition,  a  lens  which  has  been  subject  to  repeated 
drying  cycles  is  likely  to  have  permanent  solid 
deposits  built  up  thereon,  which  accelerate  subse- 
quent  tear  film  breakup  and  promote  trauma  or  infec- 
tion. 

For  these  reasons,  «  wettability  »  of  contact  lenses 
is  deemed  desirable.  Various  wetting  traits  have 
been  taken  by  the  industry  as  measures  of  wettabili- 
ty.  A  common  measure  of  wettability  is  the  «contact 
angle»  determined  by  the  angle  of  the  tangential 
plane  of  the  edge  of  a  fluid  drop  with  the  plane  of  the 
lens  surface  where  they  meet.  This  measurement  is 
generally  made  at  a  clean  interface  of  a  solid  with  a 
given  fluid,  and  the  measurement  must  be  performed 
with  some  delicacy.  It  is  not  clear  how  a  contact  an- 
gle  measurement  performed  under  laboratory  condi- 
tions  correlates  with  the  contact  angle  of  tear  fluid  on 
an  in  vivo  contact  lens  in  which  the  lens  has  been 
repeatedly  exposed  to  mucins,  lipids  and  other  tear 
film  components.  One  researcher  has  reported  mak- 
ing  in  vivo  contact  angle  measurements  using  drops 
of  distilled  water  placed  on  the  lens.  Applicant  is  not 
aware  of  in  vivo  contact  angle  measurements  using 
actual  tear  fluid. 

Other  approaches  to  determining  in  vivo  wettabili- 
ty  might  involve  adding  a  dye,  such  as  fluorescein,  to 
the  tear  fluid  to  visualize  the  thin  prelens  tear  film. 
However  it  is  desirable  to  develop  a  method  or  ap- 
paratus  to  measure  lens  wettability  which  directly 
measures  the  thickness  and  distribution  of  the  pre- 
lens  tear  film,  and  which  does  not  introduce  extrane- 
ous  substances,  such  as  dyes  or  fluids  which  might 
alter  the  measurements. 

Accordingly,  there  is  a  need  for  a  method  and  ap- 
paratus  for  directly  determining  the  wettability  of  a 

contact  lens  in  a  manner  which  meaningfully  relates 
to  the  environment  in  which  the  lenses  are  used. 

It  is  an  object  of  the  invention  to  provide  a  method 
for  evaluating  the  in  vivo  ability  of  a  contact  lens 

5  worn  by  a  subject  to  become  or  remain  wet.  « 
Desirably  the  invention  may  enable  one  to  evaluate 

the  wettability  in  vivo  of  different  contact  lens 
materials  and/or  the  effect  on  wettability  of  different 
lens  cleaners  or  eye  treatment  fluids. 

10 It  is  another  object  of  the  invention  to  provide  a 
method  for  evaluating  the  effects  of  use  or  age  on  the 
wettability  of  a  contact  lens. 

The  invention  has  also  sought  to  provide  a  device 
,5  for  performing  one  or  more  of  the  above  methods. 

According  to  the  present  invention,  there  is  provid- 
ed  a  method  for  evaluating  the  in  vivo  ability  of  a  con- 
tact  lens  to  become  or  remain  wet,  in  which  the 
method  includes  the  steps  of  supporting  the  sub- 

20  ject's  head  to  determine  a  fixed  location  of  the  lens, 
illuminating  the  lens  with  coherent  light,  imaging  the 
pre-lens  tear  film  in  a  manner  to  form  an  interference 
pattern,  observing  or  recording  in  a  time  sequence 
manner  the  image  formed  thereby,  and  determining 

25  the  tear  film  thickness  by  correlating  the  interference 
bands  of  the  observed  or  recorded  image.  The  spac- 
ing  of  adjacent  bands  gives  a  measure  of  the  tear  film 
thickness  distribution  from  which  the  classical  con- 
tact  angle  may  be  derived.  Other  measures,  such  as 

30  the  time  interval  from  blink  until  the  onset  of  tear  film 
breakup,  or  the  time  until  the  film  evaporates  may  be 
determined,  and  the  initial  or  average  film  thickness 
may  be  derived.  In  addition,  the  nature  and  evolution 
of  localized  dry  spots  may  be  directly  observed, 

35  clarifying  the  causes  of  tear  film  breakdown  on  con- 
tact  lenses.  The  invention  also  contemplates  a 
method  for  the  evaluation  of  wetting  characteristics 
as  they  are  affected  by  lens  material,  lens  aging  and 
lens  soiling,  as  well  as  the  evaluation  of  solvents,  ad- 

40  ditives  and  cleaners,  for  their  effects  on  wetting 
characteristics. 

An  apparatus  for  performing  the  method  includes 
a  means  for  supporting  the  head  so  as  to  determine 
a  fixed  location  of  the  contact  lens,  a  coherent  light 

45  source,  and  means  for  observing  or  recording  a  time 
sequence  image  of  the  light  specularly  reflected  from 
the  prelens  tear  film,  such  image  including  a  pattern 
of  interference  bands  indicative  of  tear  film  thick- 
ness,  whereby  the  wetting  characteristic  may  be 

so  evaluated  by  determining  the  thickness. 
Image  recording  means  can  be  a  camera  focused 

on  the  pre-lens  film  from  a  position  that  images  the 
light  from  the  source  that  is  specularly  reflected  from 
the  front  and  rear  surfaces  of  the  tear  f  ilm  .  A  f  ilm  mo- 

ss  tion  analyzer  can  be  used  to  obtain  quickly  the  loca- 
tion  and  separation  of  interference  bands.  A 
microprocessor  may  be  used  to  compute  the  tear  film 
thickness  at  each  band  location,  to  provide  a  quan- 
titative  measure  of  lens  wetting  characteristics. 

60  Embodiments  of  the  invention  will  now  be  ex- 
plained  in  the  following  description  which  is  given  by 
way  of  example  only  and  with  reference  to  the  ac- 
companying  drawings,  in  which: 

Fig.  1  is  a  block  diagram  of  the  steps  involved  in  the 
65  method  according  to  the  present  invention; 
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Fig.  2  is  a  diagram  showing  the  theory  of  interfer- 
ence  band  measurements; 

Fig.  3  is  a  schematic  representation  of  the  optical 
apparatus  of  a  preferred  embodiment  of  a  device  ac- 
cording  to  the  invention  for  performing  the  method  of 
Figure  1; 

Fig.  4  shows  an  alternative  layout  of  optical  ele- 
ments  of  another  device  according  to  the  invention; 

Fig.  5  shows  a  representative  image  of  the  pre-lens 
tear  film  and  interference  patterns  recorded  in  accor- 
dance  with  the  invention; 

Fig.  5A  is  a  graph  of  film  thickness;  and 
Fig.  6  is  a  block  diagram  of  a  preferred  apparatus. 
The  present  invention  provides  a  method  and  ap- 

paratus  for  directly  measuring  the  thickness  of  the 
prelens  tearf  ilm  distributed  over  the  surface  of  a  con- 
tact  lens  and  changing  over  the  course  of  time.  The 
invention  further  contemplates  measuring  the  layer 
as  it  is  affected  by  solvents,  cleaners,  treatment 
fluids,  lens  materials,  and  different  environmental  or 
use  factors  which  affect  the  lens  worn  by  the  user. 
As  applied  to  the  method  of  the  invention,  the  evalu- 
ation  of  such  solvents,  components,  or  conditions 
are  included  under  the  general  term  «wettability»  or 
«  wetting  characteristics)),  and  accordingly  as  used 
in  this  disclosure  and  the  claims  below  it  is  the  inten- 
tion  to  describe  and  claim  the  clinical  or  laboratory 
practice  of  the  methods  and  device  of  the  invention 
for  evaluating  all  such  solvents,  lenses,  products  and 
conditions  affecting  the  wetting  of  a  contact  lens. 

Turning  now  to  Figure  1  the  method  of  the  inven- 
tion  includes  the  steps  of  (1)  illuminating  the  lens 
with  coherent  light;  (2)  forming  an  image  of  the  pre- 
lens  tear  film  by  the  light  specularly  reflected  from 
the  pre-lens  tear  film;  (3)  recording  the  image  includ- 
ing  the  interference  patterns  therein,  in  a  time  se- 
quence  manner;  and  (4)  determining  the  thickness  of 
the  prelens  tear  film  by  correlating  bands  of  the 
recorded  interference  patterns. 

It  will  be  appreciated  as  a  general  matter,  that 
when  light  is  specularly  reflected  from  the  front  and 
rear  surfaces  of  a  sufficiently  thin  film,  the  images  of 
the  reflected  light  will  form  interference  patterns  be- 
cause  the  variable  thickness  of  the  film  is  such  that 
the  front  and  rear  reflected  light  rays  interfere  con- 
structively  or  destructively  at  different  positions.  In 
general,  to  provide  a  meaningful  interference  pat- 
tern,  a  film  must  have  a  thickness  in  the  range  of  ap- 
proximately  1  /4  to  several  whole  wavelengths  of  the 
incident  light,  and  must  exist  in  an  environment  in 
which  sufficient  specular  reflections  from  its  upper 
and  lower  surfaces  occur.  As  an  aid  to  understanding 
the  value  of  the  method  used  to  visualize  the  dynam- 
ic  spreading,  thinning  and  breakup  of  the  prelens  tear 
film,  basic  principles  of  interference  phenomena  will 
now  be  discussed  in  relation  to  Figure  2.  Further  de- 
tails  of  the  optical  theory  may  be  found  in  optical 
textbooks. 

The  changing  colors  of  a  soap  bubble,  or  of  a  thin 
film  of  oil  floating  on  water,  are  each  common 
manifestations  of  light  interference.  This  phenome- 
non  is  observed  when  two  or  more  beams  of  light 
from  a  common  source  arrive  along  different  paths  at 
the  same  region  of  space.  In  each  of  the  two  cases 

mentioned  above,  the  interfering  beams  are  those 
reflected  at  the  two  surfaces  of  a  thin  film.  In  the  first 
case  the  film  is  a  film  of  soapy  water  in  air;  in  the  sec- 
ond  case  it  is  a  film  of  oil  between  air  and  water.  Un- 

s  der  the  proper  conditions,  similar  interference  colors, 
or  bands,  can  be  reflected  from  the  tear  film  on  the 
surface  of  the  cornea  or  a  contact  lens.  As  described 
below,  in  accordance  with  the  present  invention, 
such  interference  patterns  are  formed  and  recorded 

10  to  give  precise  and  detailed  information  of  the  topog- 
raphy  of  the  tear  (or  lipid)  layer  overlying  the  cornea 
or  a  contact  lens. 

The  invention  is  best  understood  after  a  brief  dis- 
cussion  of  interference  phenomena,  modeled  using 15  the  wave  model  of  light.  In  general  a  light  wave  is  a 
transverse  electromagnetic  disturbance  propagated 
through  space.  When  two  or  more  light  waves  cross 
a  point,  the  amplitude  of  the  disturbance  at  that  point 
is  the  superposition  of  the  amplitudes  of  the  individu- 

20  al  waves.  This  superposition  principle  follows  from 
the  linear  character  of  Maxwell's  equations.  General- 
ly,  the  superposition  of  serveral  light  waves  does  not 
produce  an  interference  pattern.  This  is  because 
most  light  sources  used  for  observations  consist  of 

25  a  large  number  of  microscopic,  uncorrelated 
sources,  each  of  which  is  active  for  certain  short  peri- 
ods  of  time  and  quiescent  the  rest  of  the  time.  As- 
suming,  for  the  sake  of  argument,  that  during  their 
active  periods  all  of  the  sources  emit  trains  of 

30  sinusoidal  waves  of  the  same  wavelength,  the  resul- 
tant  optical  disturbance  produced  by  the  source  as  a 
whole  would  be  represented  as  a  sinusoidal  function 
of  time,  whose  phase  and  amplitude  change 
whenever  one  of  the  sources  goes  on  or  off.  Thus  the 

35  optical  disturbances  produced  by  two  such 
microscopic  sources,  however  similar  they  may  be, 
will  have  a  phase  difference  that  varies  rapidly  and  ir- 
regularly  with  time.  Such  a  source  is  said  to  be  inco- 
herent.  The  positions  of  the  interference  fringes  will 

40  change  as  the  phase  difference  changes.  At  a  given 
instant  the  maximum  intensity  will  occur  at  a  point 
where  a  minimum  was  present  only  a  short  time  be- 
fore,  and  vice  versa.  Since  most  optical  instruments 
cannot  resolve  such  rapid  and  irregular  fluctuations 

45  of  intensity,  the  observable  result  will  be  a  uniform  il- 
lumination.  In  order  to  observe  interference 
phenomena,  it  is  necessary  to  use  coherent  light 
sources,  that  is,  sources  whose  phase  difference  re- 
mains  constant  in  time.  The  only  manner  in  which 

50  this  can  be  practically  accomplished  is  to  use  a  single 
light  source  and  its  optical  image,  or  to  use  two 
different  images  of  the  same  source. 

According  to  the  present  invention,  interference 
55  patterns  are  created  by  using  two  images  of  the 

same  source.  Specifically  two  interfering  beams  are 
used:  the  reflected  beam  from  the  front  surface  of 
the  tear  film  and  the  reflected  beam  from  the  rear  sur- 
face  of  the  tear  film.  The  two  beams  originate  from 

60  the  same  single  light  source,  and  in  fact  are  two 
images  of  it,  so  the  beams  satisfy  the  requirements 
of  coherence.  To  observe  specular  reflectance,  the 
angle  the  incoming  beam  makes  with  respect  to  a 
direction  perpendicular  to  the  tear  film  surface  must 

65  equal  the  angle  of  observation. 
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This  is  usually  stated  as  «the  angle  of  incidence 
equals  the  angle  of  reflections.  Any  light  seen  at 
other  angles  is  due  to  light  scattering  from  the  sur- 
face,  and  such  light  does  not  maintain  its  uniform 
phase  relationships  with  the  incoming  beam;  thus  in- 
terference  bands  are  not  seen. 

Figure  2  is  a  diagram  of  a  representative  film  5  hav- 
ing  front  and  rear  surfaces  6,  7  and  illuminated  by  a 
source  S.  Light  from  source  S  falls  on  the  film  5,  such 
as  the  tear  layer,  and  light  rays  are  reflected  by  the 
film  to  a  converging  lens  L  which  forms  an  image  of 
the  film  on  a  focal  plane  F.  Consider  the  ray  SCD 
reflected  from  point  C  at  the  upper  surface  of  the 
film.  Another  ray  SABCE  passes  through  the  same 
point  C  after  having  been  reflected  at  point  B  of  the 
lower  film  surface.  The  lens  L  brings  the  two  rays 
together  again  at  point  F  which  forms  an  image  of 
point  C.  To  determine  the  phase  difference,  note  that 
the  optical  path  lengths  of  the  two  rays  from  S  to  C 
are 

Pi  =  no  SC,  and 

p2  =  n0  SA  +  n  (AB  +  BC) 
where  n  is  the  refractive  index  of  the  film  and  no  that 
of  the  medium  through  which  the  incident  light  ray  is 
travelling  {no  =  1  if  this  medium  is  air). 

Therefore 

p2  -Pi  =  -  n0  (SC-SA)  +  n  (AB  +  BC). 
Let  t  be  the  thickness  of  the  film,  and  <(>  and  <(>'  the 

angles  of  incidence  and  refraction  of  the  ray  SA.  Ac- 
cording  to  Snell's  law  for  refraction  at  interfaces  of 
different  refractive  index,  n0  sin  4)  =  n  sin  Con- 
sidering  that  the  film  is  very  thin,  CA  is  very  small 
compared  with  SA,  and  we  obtain,  to  a  good  approxi- 
mation, 

n0(SC-SA)  =  n0  CA  sine]) 
=  2tno  tan(|)  sine]) 
=  2tn  (sin2<|>7cos(J)')  and 

n(AB  +  BC)  =  2tn/cos<j>'. 

Therefore, 

P2  —  Pi=  2tn  (-sin2(f>7cos<j>'  +  1/cos(j)) 
=  2tn  cos<}>'. 

The  phase  difference  corresponding  to  this  differ- 
ence  in  optical  path  length  is 

2  (7t)  (p2  -pi)/\o 
where  Xo  is  the  wavelength  in  vacuum  (or  air,  in 
practical  terms).  There  is,  however,  an  additional 
phase  factor  to  consider.  When  a  light  ray  is  reflected 
from  a  surface  such  thatthe  ray  is  incident  from  a  me- 
dia  of  lower  refractive  index  than  the  substrate 
reflecting  media,  the  situation  is  just  as  described 
above.  However,  if  the  incident  ray  is  travelling  in  a 
media  of  higher  refractive  index  than  the  reflecting 
surface,  there  is  a  phase  change  of  1  80  degrees,  or 
%  radians,  between  the  incident  ray  and  its  reflection  . 
The  ray  SCD  is  reflected  at  the  upper  surface  of  the 
film,  where  the  index  of  refraction  changes  from  no 
to  n,  and  since  n0  is  less  than  n  (i.e.,  the  refractive  in- 
dex  of  air  is  essentially  1  .0,  while  that  of  the  tear  film 
is  similar  to  that  of  water,  where  n  =  1  .33),  there  is 

no  phase  change  for  the  reflected  ray.  The  ray 
SABCE  is  reflected  at  the  lower  surface,  where  the 
index  of  refraction  changes  from  n  to  nx,  where  nx  is 
the  refractive  index  of  the  medium  beneath  the  film 

5  layer.  If  nx  is  less  than  n,  there  will  be  a  change  of 
phase  of  n  upon  reflectance;  if  nx  is  greater  than  n, 
the  case  will  be  as  with  the  surface  ray,  and  no  phase 
change  will  occur.  In  the  case  where  we  are  dealing 
with  a  tear  film  layer  (n  =  1.33)  on  a  contact  lens,  the 

io  lens  will  always  have  a  higher  value  (for  nx)  than 
1  .33.  if  the  lens  is  PMMA,  nx  will  be  about  1.49;  if 
the  lens  is  a  hydrogei,  it  will  be  less,  but  will  still  be 
at  least  slightly  greater  than  the  tear  film  ,  so  no  phase 
change  need  be  considered. 

15  Thus,  the  two  reflected  rays  meet  at  C  and  then 
again  at  F  with  a  phase  difference  a  given  by 

a  =  2n  (p2  -pi)Ao,  or 
a  =  2tc  (2tn  cosd>')/Xo 20 

In  particular,  if  the  lens  is  so  located  as  to  collect 
rays  that  are  reflected  by  the  film  in  a  nearly  perpen- 
dicular  direction  ,  cos  0'  is  very  close  to  unity,  and  the 
above  equation  reduces  to 

25  a  =  2tc  (2tn/X0). 
Interference  of  the  two  rays  at  F  produces  a  maxi- 

mum  of  intensity  if  a  is  an  odd  multiple  of  2jc,  that  is, 
if  the  condition 

30  2tn/Xo  =  k,  k  =  0 , 1 , 2 , . . .  
is  satisfied.  The  interference  will  produce  a  minimum 
of  intensity  if  a  is  an  even  multiple  of  tc,  that  is,  if 

2tn/X.0  =  k  +  1/2,  k  =  0,  1,  2,  ... 35 
If  we  let  X  =  X-o/n  be  the  wavelength  in  the  film, 

we  can  rewrite  these  equations  as 
Interference  maxima:  t  =  k  (XI2)  Equation  (A) 
Interference  minima:  t  =  (2k  +  1  1X-/4  Equation  (B) 

40  From  this  we  can  conclude  that  the  interference 
maxima  occur  where  the  tear  film  thickness  t  is  an 
even  multiple  of  X/4,  and  minima  (dark  bands)  occur 
where  the  tear  film  thickness  t  is  an  odd  multiple  of 
XIA. 

45  With  a  tear  film  of  varying  thickness  over  the  field 
of  view,  which  is  illuminated  with  a  monochromatic 
light  source,  a  pattern  of  light  and  dark  bands,  or  in- 
terference  fringes,  will  be  seen.  The  lines  where  the 
thickness  of  the  tear  film  satisfy  Equation  (A)  will 

so  stand  out  as  lines  of  maximum  brightness,  and  those 
where  the  thickness  of  the  film  satisfy  Equation  (B) 
will  appear  as  dark  lines. 

Using  a  point  source  of  light  as  illumination,  inter- 
ference  fringes  are  seen  only  on  that  portion  of  the 

55  tear  film  that  reflects  the  light  rays  from  the  source 
into  the  observing  (collecting)  lens.  This  portion  be- 
comes  smaller  as  the  diameter  of  the  observing  lens 
decreases.  However,  if  the  diameter  of  the  observing 
lens  is  sufficiently  small  compared  with  the  distance 

60  of  the  lens  from  the  surface  of  the  tear  film  one  pan 
use  a  broad  source  of  light  and  observe  interference 
patterns  from  a  wider  portion  of  the  tear  film.  This  is 
because  with  a  small  observing  lens  diameter,  the 
angle  of  reflection  (J)'  is  practically  the  same  for  all 

65  rays  reflected  at  a  given  point  of  the  tear  film  into  the 
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lens,  and  so,  for  all  pairs  or  rays  that  can  enter  the 
lens  (L  of  Fig.  2)  cos<)>'  and  t  are  constant  and  the 
phase  difference  a  also  has  a  constant  value. 

The  «ideal»  case  shown  in  Fig.  2  represents  a  plane 
for  the  reflecting  surfaces.  In  the  case  of  a  contact 
lens,  the  surfaces  are,  of  course,  sharply  curved. 
This  limits  the  angles  of  reflected  rays  that  are  col- 
lected  by  the  observing  lens,  so  the  field  of  view  over 
which  the  interference  patterns  are  seen  are  much 
less  than  if  plane  surfaces  were  involved.  Neverthe- 
less,  by  optimal  use  and  placement  of  the  light 
source,  subject,  and  collecting  lens,  a  field  diameter 
of  at  least  4  to  5  mm  can  be  observed  at  one  time. 
This  seems  to  be  adequate  for  evaluating  the  general 
characteristics  and  dynamics  of  the  tear  film  as  it  ex- 
ists  on  the  surface  of  the  contact  lens. 

Figure  3  shows  a  schematic  optical  set-up  for  ob- 
serving  interference  fringes  in  the  tear  film  on  a  con- 
tact  lens.  This  arrangement  permits  the  illumination 
and  observation  of  the  tear  film  to  be  performed  es- 
sentially  along  an  axis  orthogonal  to  the  lens  and 
aligned  with  the  optical  axis  of  the  eye.  In  this  ar- 
rangement,  the  interference  fringes  remain  sharp 
over  a  large  area  of  the  contact  lens  since  cos(J> 
changes  quite  slowly  over  the  surface  of  the  lens  in 
the  region  where  <t>  equals  0,  that  is  when  the  incident 
light  is  nearly  coaxial  with  the  center  of  curvature  of 
a  contact  lens  radius  line. 

A  prototype  instrument  according  to  Figure  3  was 
built  using  the  optics  from  a  conventional  keratome- 
ter,  suitably  modified.  In  this  device  a  light  source  9 
and  collimating  lens  1  2  direct  light  onto  a  translucent 
diffusion  screen  10.  The  image  of  screen  10  is 
reflected  by  mirror  1  5  having  a  central  aperture  to  a 
converging  lens  1  6  which  directs  the  light  in  a  cone 
onto  contact  lens  8.  In  this  manner,  contact  lens  8  is 
illuminated  essentially  along  its  central  axis.  Light 
reflected  from  the  lens  travels  back,  essentially  along 
the  axis,  through  the  aperture  of  mirror  1  5  and  is  fo- 
cused  by  lens  1  7  onto  an  image  plane  1  8.  In  one  em- 
bodiment,  the  light  source  9  was  a  conventional  pho- 
tographic  35  mm  slide  projector.  Heat  absorbing 
glass  was  used  to  remove  the  infrared  light,  and  a 
narrow  band  filter  1  3  (shown  in  phantom)  having  a 
half  band  width  of  approximately  20nm  and  centered 
at  500  nm  was  used  to  provide  a  source  of  known 
wavelength.  The  condensing  lens  1  6  and  the  focus- 
ing  lens  1  7  were  chosen  to  provide  a  working  dis- 
tance  of  approximately  4  to  6  inches  (  1  0  -  1  5  cm)  be- 
tween  the  instrument  and  the  contact  lens.  Lens  1  7 
had  a  focal  length  of  approximately  4  inches  (10  cm), 
a  numerical  aperture  of  approximately  f/4,  and  was 
set  up  at  approximately  a  1  :  1  image  to  object  ratio. 
The  focal  plane  18  was  aligned  with  the  focal  plane 
of  a  motion  picture  camera  spaced  approximately 
fifteen  inches  from  the  eye.  The  apparatus  of  Figure 
3  is  representative,  and  variations  in  the  design  are 
possible. 

It  will  be  observed  that  with  the  device  in  Figure  3 
having  a  diffuse  light  source,  rays  originating  from 
different  points  of  the  source  will  generally  form  in- 
terference  patterns  which  do  not  overlap.  The  result 
is  an  essentially  uniform  level  of  illumination  across 
the  plane  of  observation.  However,  if  the  source  is 
not  too  extended  and  if  the  rays  from  the  source 

strike  the  tear  film  in  directions  not  too  far  from  the 
perpendicular  to  the  surface  of  the  tear  film,  then  in 
the  plane  of  the  tear  film  itself  the  various  systems  of 
interference  fringes  are  almost  exactly  coincident. 

5  This  will  not  happen  in  any  other  plane  except  the 
plane  on  which  the  converging  lens  1  7  forms  a  real 
image  of  the  tear  film.  The  interference  fringes 
produced  by  the  variable  thickness  of  the  tear  film 
under  these  conditions  are  said  to  be  localized  in  the 

w  plane  of  the  tear  film.  By  placing  camera  1  9  at  the  fo- 
cal  plane  1  8,  a  picture  of  the  interference  pattern 
representative  of  tear  film  thickness  is  obtained. 

It  is  not  necessary  that  the  light  source  be  a  diffuse 
source.  One  may,  for  example,  use  a  laser  light 

75  source,  with  an  appropriate  scanning  mechanism, 
such  as  a  rotating  polygonal  mirror.  When  scanning 
with  such  a  source  one  must  be  careful  to  arrange  the 
scanning  optics  so  as  to  avoid  «burning»  caused  by 
the  eye  focusing  the  scanning  laser  at  a  fixed  interior 

20  point,  e.g.  on  the  fundus.  When  using  a  laser  it  is  also 
desirable  to  use  a  beam  expander  to  provide  a  beam 
of  coherent  light  of  sufficient  diameter.  Neither  is  it 
necessaray  that  the  light  source  be  used  in  connec- 
tion  with  the  apertured  mirror  observation  system  il- 

25  lustrated  in  Figure  3. 
An  alternate  arrangement  of  optical  elements  for 

recording  interference  patterns  formed  by  the  pre- 
lens  tear  film  is  shown  in  Figure  4.  This  arrangement 
includes  a  first  mirror  21  directing  the  coherent  light 

30  beam  22  from  source  9  to  the  contact  lens,  and  a  sec- 
ond  mirror  23  placed  on  the  opposing  side  of  the  cen- 
tral  axis  «0»  for  receiving  the  image  24  specularly 
reflected  from  the  tear  film  and  directing  it  to  a 
focussing  lens  25  so  as  to  form  an  interference  pat- 

35  tern  in  the  film  plane  of  camera  1  9.  The  two-mirror 
arrangement  permits  illumination  and  imaging  of  the 
film  at  the  same  angle  from  the  central  axis,  chosen 
to  be  small.  Other  arrangements  will  occur  to  those 
skilled  in  the  art.  For  instance,  the  angles  of  the  mir- 

40  rors  can  be  changed  or  even  rapidly  tilted  to  allow  a 
larger  area  of  the  lens  surface  to  be  observed.  For 
such  a  device,  when  the  source  light  mirror  directs 
the  beam  at  a  point  x  on  the  lens  at  an  angle  9  with 
respect  to  the  normal  N  at  that  point,  the  receiving 

45  light  mirror  23  should  be  tilted  to  receive  light  reflect- 
ed  at  such  angle  G.  By  providing  mechanics  for  caus- 
ing  mirrors  2  1  ,  23  to  rotate  in  synchrony  in  this  man- 
ner,  a  larger  portion  of  the  lens  may  be  imaged. 

Figure  5  shows  an  example  of  the  image  30  formed 
so  by  lens  L  (  1  7  of  figure  3,  or  25  of  figure  4)  and  record- 

ed  by  the  camera  1  9  as  a  single  frame.  A  representa- 
tive  image  includes  a  diffuse,  or  unfocussed  image 
32  including  cornea  32a  of  the  subject's  eye,  and  a 
sharper  image  34  of  the  pre-lens  tear  film.  A  central 

55  dark  region  32b  results  from  the  geometry  of  the  light 
source  and  imaging  optics  of  Figure  3.  The  image  of 
the  pre-lens  tear  film  includes  an  interference  band 
pattern  36a,  36b,  etc.,  and  also  includes  in  sharply 
delineated  focus,  such  opaque  physical  debris  as 

eo  may  be  present  in  the  tear  f  ilm  .  The  dark  interference 
bands  36a  ....each  lie  along  a  contour  of  equal  depth 
of  the  tear  film,  and  are  formed  at  those  contours 
where  the  depth  of  the  tear  film  is  kX/4,  where  k  is  an 
odd  integer,  as  discussed  above  in  relation  to  Figure 

65  2. 
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Figure  5A  shows  a  representative  graph  39  of  tear 
film  thickness  along  a  line  T',  such  as  line  T  of  Figure 
5,  imposed  on  a  recorded  interference  pattern 
(shown  in  phantom).  A  dry  edge  is  chosen  as  the  ori- 
gin.  Each  point  at  which  line  T'crosses  a  dark  inter- 
ference  band  is  indicated  by  a  transverse  line  marked 
on  the  horizontal  axis.  These  coordinates  may  be 
directly  ascertained  by  measurement  of  the  filmed 
image,  since  the  scale  is  known.  Tear  film  thickness 
is  indicated  in  increments  of  X/2,  starting  at  X/A, 
along  the  vertical  axis.  Each  successive  dark  band 
crossed  by  line  T'  indicates  an  increment  or  decre- 
ment  of  film  thickness  by  X/2.  For  purposes  of  this 
example,  it  is  assumed  that  the  bands  adjacent  to  the 
edge  are  representative  of  increasing  thickness.  It 
will  be  seen  that,  with  the  T'  and  thickness  axes 
calibrated  in  identical  units,  the  slope  of  the  rangent 
line  to  graph  39  is  the  tangent  of  the  classical  contact 
angle. 

The  field  of  view  with  the  apparatus  shown  in 
figure  3,  over  which  the  focus  of  the  image  of  the 
curved  prelens  film  is  sharp  enough  to  include  well- 
defined  interference  bands  is  approximately  4  -  6  mm 
diameter,  and  may  be  extended  by  appropriate  op- 
tics.  Thus  the  device  of  figure  3  provides  a  recorded 
image  which  is  a  topographic  map  of  prelens  tear  film 
depth  over  a  substantial  portion  of  the  lens.  By  them- 
selves,  the  interference  bands  give  only  relative,  and 
not  absolute,  film  thickness  information;  the  spacing 
of  two  dark  bands  gives  a  measure  of  the  slope  of  the 
tear  film  depth  between  the  two  dark  bands.  In  addi- 
tion,  certain  patterns  such  as  local  occurrences  of 
concentric  closely  spaced  closed  contours  38a,  38b 
may  be  recognized  as  local  peaks  or  valleys  of  the 
fluid  film.  During  recording  of  the  frames  30,  which 
is  accomplished  with  a  fixed  camera  at  constant 
magnification,  a  millimeter  rule  is  first  placed  in  the 
object  plane  and  photographed.  Thus,  absolute 
spacing  of  the  bands  shown  in  a  frame  30  may  be 
readily  ascertained.  Knowing  the  absolute  spacing, 
the  slope  of  the  film  at  a  point  is  determined  as  X/2 
divided  by  the  band  spacing.  Thus,  the  band  spacing 
approaching  a  dry  edge  of  the  film  gives  a  direct  nu- 
merical  measure  of  the  tangent  of  the  contact  angle. 

When  one  observes  a  time  sequence  of  frames  30, 
the  bands  36a,  36b  will  be  seen  to  move  across  the 
field,  change  contour,  and  disappear.  Most  common- 
ly  the  «bull's  eye»  regions  38a,  38b  will  exhibit  be- 
havior  indicative  that  they  are  dry  spots  of  thickness 
t  such  that  0  <t  <  XI  A.  The  bull's  eye  will  first  appear 
at  some  time  after  the  subject  blinks,  and  the  rings  of 
the  bull's  eye  will  migrate  radially  outward  as  the  film 
further  dries.  When  a  spot  D  has  been  identified  as 
dry  by  this  criterion,  and  its  position  noted,  the  abso- 
lute  tear  film  thickness  distribution  over  the  entire 
field  may  then  be  determined  for  each  instant  in  time 
by  merely  correlating  the  interference  bands,  start- 
ing  at  a  dry  spot,  in  preceding  frames  30.  Thus  for  ex- 
ample  the  first  dark  ring  about  D  indicates  a  contour 
of  film  thickness  t  =  XI  A.  That  ring,  followed  through 
each  preceding  frame,  is  a  contour  indicating  loca- 
tions  over  the  lens  having  the  same  film  depth.  The 
next  contour  out  from  the  dry  spot  has  a  tear  film 
thickness  X/2  greater. 

Thus  the  invention  includes  a  method,  and  the  ap- 

paratus  for  performing  the  method,  for  the  direct  ob- 
servation  and  computation  of  the  actual  tear  film 
thickness  distribution,  at  each  instant  in  time,  on  a 
contact  lens.  In  addition  to  film  thickness,  other 

5  measurements  of  different  types  may  readily  be  de- 
fined  and  experimentally  observed  to  determine  both 
their  appropriateness  as  criteria  of  wetting,  and  the 
correlation  of  such  measure  with  conventional 
criteria. 

10  By  way  of  example,  for  a  given  lens  material  or 
treatment  fluid,  a  measure  such  as  the  time  interval 
until  tear  film  breakup,  or  such  as  the  average  tear 
film  thickness  following  blinking  may  be  quickly 
ascertained.  Dry  spots  may  be  correlated  with 

is  deposits  built  up  from  previous  drying  cycles,  and 
the  efficacy  of  cleaners  on,  or  the  resistance  of  lens 
materials  to,  such  deposits  may  be  directly  meas- 
ured. 

Such  measurements  are  performed  in  accordance 
20  with  the  presently  preferred  embodiment  of  the  in- 

vention  using  the  apparatus  shown  in  Figure  6.  An  in- 
terference  pattern  imaging  and  recording  apparatus 
40,  such  as  that  shown  in  figure  3  records  a  time  se- 
quence  image  of  the  interference  pattern  localized  in 

25  the  tear  film.  The  film  is  placed  in  a  film  motion 
analyzer  50  which  is  used  to  develop  output  signals 
indicative  of  the  time,  x-position  and  y-position  of 
features  selected  by  an  operator.  A  microprocessor 
60  receives  the  output  signals  and,  operating  ac- 

30  cording  to  an  operator  selected  program,  calculates 
the  desired  measurement. 

In  the  prototype  embodiment  the  apparatus  40 
recorded  the  images  on  16  mm  black  and  white 
movie  film  at  25  frames  per  second,  so  that  sequen- 

35  tial  frames  had  time  coordinates  differing  by  .04  sec- 
onds.  The  analyzer  50  was  a  Film  Motion  Analyzer 
made  by  NAC  of  Japan  and  marketed  in  the  United 
States  by  Instrumentation  Marketing  of  Burbank, 
California.  The  basic  elements  of  analyzer  50  include 

40  a  screen  onto  which  the  film  is  projected,  a  coor- 
dinate  grid  overlaid  on  the  screen,  and  a  handpiece 
having  cross-hairs  and  a  selector  button  thereon  the 
actuation  of  which  causes  the  analyzer  to  output  the 
frame  number  and  the  (x,  y)  coordinates  of  the  point 

45  on  the  screen  under  the  cross-hairs.  The 
microprocessor  60  was  an  Apple  computer, 
programmed  to  carry  out  basic  processing  and 
storage  of  the  data  from  the  analyzer  50,  such  as  cal- 
culation  of  the  film  thickness  gradient,  plotting  of  the 

so  thickness  distribution,  or  calculation  of  the  film  dry- 
ing  time.  Such  a  system  40,  50,  60  permits  the  ready 
measurement  of  wetting  characteristics  of  a  lens 
worn  by  a  user,  enabling  the  direct  experimental 
evaluation  of  materials,  cleaners  and  conditions 

55  which  were  previously  evaluated  by  theoretical 
projections. 

Other  measures  of  immediate  clinical  utility  may 
be  readily  defined  and  reduced  to  elementary  com- 
puter-implemented  programs.  For  example,  the  dry- 

60  ing  half-time,  defined  as  the  time  interval  following 
blink  until  one-half  of  the  lens  area  is  dry,  or  the  dry 
spot  count,  defined  as  the  number  of  discrete  dry 
spots  formed  before  a  fixed  time  following  blink,  may 
be  ascertained. 

65  The  invention  having  been  thus  disclosed,  diverse 
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changes  and  variations  in  the  apparatus  and  method 
will  occur  to  those  skilled  in  the  art,  and  all  such 
changes  and  modifications  are  intended  to  be  within 
the  scope  of  the  invention,  as  set  forth  in  the  follow- 
ing  claims. 

Claims 

1.  A  method  of  measuring  the  in  vivo  wetting 
quality  of  a  contact  lens  worn  by  a  subject,  such 
method  comprising  the  steps  of 

supporting  the  subject's  head  so  as  to  maintain  the 
lens  in  a  fixed  location 

illuminating  the  pre-lens  tear  film  with  coherent 
light 

performing  a  time  sequence  observation  or  record- 
ing  of  the  pattern  of  interference  bands  formed  by 
specular  reflectance  of  the  light  from  the  pre-lens 
film,  and 

correlating  the  position  of  sequential  observed  or 
recorded  images  of  at  least  one  interference  band  so 
as  to  obtain  a  measurement  of  said  wetting  quality. 

2.  The  method  according  to  claim  1  ,  wherein  the 
correlating  step  includes  the  step  of  determining  the 
spacing  between  adjacent  pairs  of  interference 
bands  proximate  to  an  edge  of  the  film,  and  wherein 
the  measured  wetting  qualitiy  is  the  contact  angle. 

3.  The  method  according  to  claim  1  ,  wherein  the 
correlating  step  includes  correlating  the  sequential 
motion  of  interference  bands  past  a  fixed  position  so 
as  to  identify  the  formation  of  a  dry  spot,  and  where- 
in  the  measured  wetting  quality  is  the  time  interval 
between  the  subject's  blink  and  the  onset  of  tear  film 
break-up. 

4.  The  method  according  to  claim  1  ,  wherein  the 
correlating  step  includes  comparing  local  irregular- 
ities  of  the  interference  pattern  at  different  locations 
on  the  lens  to  determine  the  existence  of  variations 
in  wetting  quality. 

5.  The  method  according  to  any  of  claims  1  to  4, 
further  including  the  step  of  treating  the  lens  with  a 
treatment  fluid  before  performing  the  steps  of 
recording  and  correlating. 

6.  The  method  according  to  claim  5,  wherein  the 
correlating  step  includes  correlating  so  as  to  obtain 
a  measurement  of  a  said  quality  for  a  new  lens,  cor- 
relating  so  as  to  obtain  a  measurement  of  the  same 
quality  for  a  lens  which  has  been  worn  for  known 
time  interval,  and  comparing  the  two  said  measure- 
ments  to  develop  a  measurement  of  change  in  the 
said  wetting  quality. 

7.  The  method  according  to  claim  1  ,  wherein  the 
correlating  step  includes  determining  the  tear  film 
thickness  from  the  time  sequence  observation,  the 
thickness  at  a  particular  time  being  indicative  of  the 
wetting  quality. 

8.  Apparatus  for  the  evaluation  of  a  wetting 
characteristic  of  a  contact  lens  being  worn  by  a  sub- 
ject,  such  wetting  characteristic  being  a  function  of 
prelens  tear  film  thickness,  wherein  the  apparatus 
comprises 

means  for  supporting  the  subject's  head  so  as  to 
determine  a  fixed  location  of  the  contact  lens 

light  means  (9)  for  directing  coherent  light  at  the 
lens  (8),  the  light  means  for  example  being  a  laser,  and 

means  (19)  for  observing  or  recording  a  time  se- 
quence  image  of  the  light  specularly  reflected  from 

s  the  prelens  tear  film,  such  image  including  a  pattern 
of  interference  bands  indicative  of  tear  film  thick- 
ness,  whereby  the  wetting  characteristic  may  be 
evaluated  by  determining  the  thickness. 

9.  Apparatus  according  to  claim  8,  further  includ- 
10  ing  means  (50)  operative  on  the  time  sequence 

recording  of  the  image  for  determining  time  and 
space  coordinates  of  the  recorded  interference 
bands,  and  for  developing  output  signals  (t,  x,  y)  in- 
dicative  thereof. 

is  10.  Apparatus  according  to  claim  9,  further  in- 
cluding  computer  means  (60)  for  computing  the  wet- 
ting  characteristic  from  the  said  output  signals. 

1  1  .  Apparatus  according  to  claim  1  0,  wherein  the 
means  for  determining  coordinates  determines  coor- 

20  dinates  of  consecutive  interference  bands  along  line 
normal  to  a  dry  edge,  and  wherein  the  computer  (60) 
is  adapted  to  compute  the  contact  angle. 

24.  Apparatus  according  to  claim  8,  9,  1  0  or  1  1  , 
wherein  the  light  means  (9)  directs  coherent  light  at 

25  the  lens  (8),  and  wherein  the  means  for  recording  in- 
cludes  a  motion  picture  camera  (19)  focussed  on  the 
prelens  tear  film  and  positioned  to  image  the  light 
from  the  light  means  which  is  specularly  reflected 
from  the  prelens  tear  film. 

30  13.  Apparatus  according  to  any  of  claims  8  to  1  2, 
wherein  the  light  means  (9)  directs  substantially 
monochromatic  light  at  the  lens. 

1  4.  Apparatus  according  to  any  of  claims  8  to  1  3, 
wherein  the  light  means  (9)  directs  the  light  at  the 

35  lens  (8)  via  an  inclined  mirror  (15)  having  a  central 
aperture,  and  the  recording  means  is  a  camera  which 
images  the  prelens  tear  film  through  the  central  aper- 
ture,  whereby  the  camera  is  positioned  to  image 
specularly  reflected  light. 

40  15.  Apparatus  according  to  any  of  claims  8  to  14, 
wherein  the  light  means  directs  a  scanning  beam  of 
coherent  light  at  the  lens  via  a  first  scanning  mirror 
(21  )  such  that  the  light  strikes  a  point  x  on  the  lens 
at  an  angle  (])(x)  to  the  normal,  and  wherein  the 

45  recording  means  (19)  comprises  a  camera  which 
receives  the  light  specularly  reflected  from  the  pre- 
lens  tear  film  by  reflection  from  a  second  scanning 
mirror  (23),  the  said  second  scanning  mirror  being 
controlled  to  scan  the  point  x  in  synchrony  with  the 

so  first  mirror  so  as  to  receive  light  reflected  from  the 
point  x  at  the  angle  <$>{x). 

Patentanspruche 
55 

1.  Verfahren  zum  Messen  der  In-vivo-Benet- 
zungseigenschaft  einer  von  einer  Versuchsperson 
getragenen  Kontaktlinse,  wobei  das  Verfahren  die 
Schritte  umfalSt,  date 

60  der  Kopf  der  Versuchsperson  so  abgestiitzt  wird, 
dalS  die  Linse  an  einer  ortsfesten  Stelle  gehalten 
wird, 

der  Vorlinsentranenfilm  mit  koharentem  Licht  be- 
leuchtet  wird, 

65  eine  Zeitfolgebeobachtung  oder  -aufzeichnung 
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des  Musters  von  Interferenzbandern  durchgefuhrt 
wird,  die  durch  Spiegelreflexion  des  Lichtes  von  dem 
Vorlinsenfilm  gebildet  werden,  und 

die  Position  aufeinanderfolgender  beobachteter 
oder  aufgezeichneter  Bilder  von  zumindest  einem  In- 
terferenzband  so  in  Korrelation  gesetzt  wird,  daB 
man  eine  Messung  der  Benetzungseigenschaft  er- 
halt. 

2.  Verfahren  nach  Anspruch  1  ,  bei  dem  der  Korre- 
lationsschritt  den  Schritt  der  Bestimmung  des  Ab- 
stands  zwischen  benachbarten  Paaren  von  Interfe- 
renzbandern  nahe  einem  Filmrand  umfafct  und  bei 
dem  die  gemessene  Benetzungseigenschaft  der 
Kontaktwinkel  ist. 

3.  Verfahren  nach  Anspruch  1  ,  bei  dem  der  Korre- 
lationsschritt  die  Korrelation  der  aufeinanderfolgen- 
den  Bewegung  von  Interferenzbandern  an  einer  orts- 
festen  Position  vorbei  zur  Identifizierung  der  Bildung 
einer  Trockenstelle  umfalSt  und  bei  dem  die  gemes- 
sene  Benetzungseigenschaft  das  Zeitintervall  zwi- 
schen  dem  Lidschlag  der  Versuchsperson  und  dem 
Einsetzen  der  Tranenfilmauflosung  ist. 

4.  Verfahren  nach  Anspruch  1  ,  bei  dem  der  Korre- 
lationsschritt  das  Vergleichen  ortlicher  Unregeima- 
Bigkeiten  des  Interferenzmusters  an  verschiedenen 
Stellen  auf  der  Linse  zur  Bestimmung  des  Vorhan- 
denseins  von  Veranderungen  der  Benetzungseigen- 
schaft  umfafSt. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4, 
mit  dem  weiteren  Schritt,  date  die  Linse  mit  einem  Be- 
handlungsmedium  behandelt  wird,  bevor  die  Schrit- 
te  der  Aufzeichnung  und  der  Korrelation  durchge- 
fuhrt  werden. 

6.  Verfahren  nach  Anspruch  5,  bei  dem  der  Korre- 
lationsschritt  die  Korrelation  in  der  Weise,  dalS  man 
eine  Messung  der  Benetzungseigenschaft  fur  eine 
neue  Linse  erhalt,  und  die  Korrelation  in  der  Weise 
umfalSt,  dalS  man  eine  Messung  der  gleichen  Benet- 
zungseigenschaft  fur  eine  Linse  erhalt,  die  iiber  einen 
bekannten  Zeitraum  getragen  worden  ist,  und  bei 
dem  die  beiden  Messungen  zur  Entwicklung  einer 
Messung  der  Veranderung  der  Benetzungseigen- 
schaft  verglichen  werden. 

7.  Verfahren  nach  Anspruch  1  ,  bei  dem  der  Korre- 
iationsschritt  die  Bestimmung  der  Tranenfilmdicke 
aus  der  Zeitfolgebeobachtung  umfaftt,  wobei  die 
Dicke  zu  einer  bestimmten  Zeit  eine  Anzeige  der  Be- 
netzungseigenschaft  bildet. 

8.  Vorrichtung  zur  Bestimmung  eines  Benet- 
zungsmerkmals  einer  von  einer  Versuchsperson  ge- 
tragenen  Kontaktlinse,  wobei  das  Benetzungsmerk- 
mal  eine  Funktion  der  Vorlinsentranenfilmdicke  ist 
und  wobei  die  Vorrichtung 

eine  Einrichtung  zum  Abstutzen  des  Kopfes  der 
Versuchsperson  zur  Festlegung  einer  ortsfesten 
Stellung  der  Kontaktlinse, 

eine  Lichteinrichtung  (9)  zum  Richten  koharenten 
Lichts  zu  der  Linse  (8),  wobei  die  Lichteinrichtung 
zum  Beispiel  ein  Laser  ist,  und 

eine  Einrichtung  (19)  zum  Beobachten  oder  Auf- 
zeichnen  eines  Zeitf  olgebildes  des  vom  Vorlinsentra- 
nenfilm  spiegelnd  reflektierten  Lichts  umfalSt,  wobei 
dieses  Bild  ein  Muster  von  die  Tranenfilmdicke  anzei- 
genden  Interferenzbandern  umfalSt  und  das  Benet- 

zungsmerkmal  durch  Feststellung  der  Dicke  be- 
stimmt  werden  kann. 

9.  Vorrichtung  nach  Anspruch  8,  ferner  mit  einer 
Einrichtung  (50),  die  mit  der  Zeitfolgeaufzeichnung 

5  des  Bildes  zur  Bestimmung  von  Zeit-  und  Raumkoor- 
dinaten  der  aufgezeichneten  Interferenzbander  und 
zur  Erzeugung  von  diese  anzeigenden  Ausgangssig- 
nalen  (t,  x,  y)  arbeitet. 

10.  Vorrichtung  nach  Anspruch  9,  ferner  mit 
10  einer  Computereinrichtung  (60)  zum  Berechnen  des 

Benetzungsmerkmals  aus  den  Ausgangssignalen. 
11.  Vorrichtung  nach  Anspruch  10,  bei  der  die 

Einrichtung  zur  Bestimmung  der  Koordinaten  die 
Koordinaten  aufeinanderfolgender  Interferenzban- 

75  der  entlang  einer  zu  einem  trockenen  Rand  senkrech- 
ten  Linie  bestimmt  und  bei  der  der  Computer  (60)  in 
der  Lage  ist,  den  Kontaktwinkel  zu  berechnen. 

1  2.  Vorrichtung  nach  Anspruch  8,  9,  1  0  oder  1  1  , 
bei  der  die  Lichteinrichtung  (9)  koharentes  Licht  zu 

20  der  Linse  (9)  richtet  und  bei  der  die  Aufzeichnungs- 
einrichtung  eine  Filmkamera  (19)  umf  alSt,  die  auf  den 
Vorlinsentranenfilm  ausgerichtet  und  so  angeordnet 
ist,  daB  sie  das  Licht  von  der  Lichteinrichtung  auf- 
nimmt,  das  spiegelnd  vom  Vorlinsentranenfilm  re- 

25  f  lektiert  worden  ist. 
1  3.  Vorrichtung  nach  einem  der  Anspruche  8  bis 

1  2,  bei  der  die  Lichteinrichtung  (9)  im  wesentlichen 
monochromatisches  Licht  auf  die  Linse  richtet. 

14.  Vorrichtung  nach  einem  der  Anspruche  8  bis 
30  13,  bei  der  die  Lichteinrichtung  (9)  das  Licht  zu  der 

Linse  (8)  iiber  einen  schragen  Spiegel  (1  5)  mit  einer 
mittleren  Offnung  richtet  und  die  Aufzeichnungsein- 
richtung  eine  Kamera  ist,  die  den  Vorlinsentranenfilm 
durch  die  mittlere  Offnung  aufnimmt,  wobei  die  Ka- 

35  mera  so  angeordnet  ist,  dalS  sie  spiegelnd  reflektier- 
tes  Licht  aufnimmt. 

1  5.  Vorrichtung  nach  einem  der  Anspruche  8  bis 
14,  bei  der  die  Lichteinrichtung  einen  Abtaststrahl 
koharenten  Lichtes  auf  die  Linse  iiber  einen  ersten 

40  Abtastspiegel  (2  1  )  in  der  Weise  richtet,  dalS  das  Licht 
einen  Punkt  x  auf  der  Linse  mit  einem  Winkel  (j)(x)  zur 
Vertikalen  beaufschlagt,  und  bei  der  die  Aufzeich- 
nungseinrichtung  (19)  eine  Kamera  umfalSt,  die  das 
spiegelnd  vom  Vorlinsentranenfilm  durch  Reflexion 

45  von  einem  zweiten  Abtastspiegel  (23)  reflektierte 
Licht  empfangt,  wobei  der  zweite  Abtastspiegel  in 
der  Weise  eingestellt  ist,  dalS  der  Punkt  x  synchron 
mit  dem  ersten  Spiegel  abgetastet  wird,  so  dafS  das 
vom  Punkt  x  reflektierte  Licht  mit  dem  Winkel  $  (x) 

so  empfangen  wird. 

Revendications 

55  1  .  Methode  pour  mesurer  la  qualite  de  mouillage 
in  vivo  d'une  lentille  de  contact  portee  par  une  per- 
sonne,  ladite  methode  comprenant  les  etapes  de 

soutenir  la  tete  de  la  personne  de  sorte  a  maintenir 
la  lentille  dans  une  position  fixe, 

so  illuminer  le  film  lacrymal  devant  la  lentille  a  la 
lumiere  coherente, 

realiser  une  observation  ou  enregistrement  dans  le 
temps  du  modele  des  bandes  d'interference  formees 
par  la  reflection  speculaire  de  la  lumiere  par  le  film 

55  devant  la  lentille,  et 
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mettre  en  correlation  la  position  des  images  se- 
quentielles  observees  ou  enregistrees  d'au  moins 
une  bande  d'interference  de  sorte  a  obtenir  une 
mesure  de  la  qualite  de  mouillage. 

2.  Methode  selon  la  revendication  1  ,  dans  laquel- 
le  I'etape  de  mettre  en  correlation  comprend  I'etape 
de  determiner  la  distance  entre  des  paires  adjacentes 
de  bandes  d'interference  proches  du  bord  du  film  et 
dans  laquelle  la  qualite  de  mouillage  mesuree  est 
I'angle  de  contact. 

3.  Methode  selon  la  revendication  1,  dans 
laquelle  I'etape  de  mettre  en  correlation  comprend  de 
mettre  en  correlation  le  mouvement  sequentiel  des 
bandes  d'interference  devant  une  position  fixe  de 
sorte  a  identifier  la  formation  d'un  point  sec  et  dans 
laquelle  la  qualite  de  mouillage  mesuree  est  I'inter- 
valle  de  temps  entre  le  clignotement  de  la  personne 
et  le  debut  d'une  rupture  du  film  lacrymal. 

4.  Methode  selon  la  revendication  1,  dans 
laquelle  I'etape  de  mettre  en  correlation  comprend  la 
comparaison  d'irregularites  locales  du  modele  d'in- 
terference  en  des  endroits  differents  sur  la  lentille 
pour  determiner  I'existence  de  variations  dans  la 
qualite  de  mouillage. 

5.  Methode  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  comprenant  en  outre  I'etape  de  traiter 
la  lentille  avec  un  fluide  de  traitement  avant  de  reali- 
ser  I'etape  d'enregistrer  et  de  mise  en  correlation. 

6.  Methode  selon  la  revendication  5,  dans  laquel- 
le  I'etape  de  mettre  en  correlation  comprend  la  mise 
en  correlation  de  sorte  a  obtenir  une  mesure  de  la 
qualite  pour  une  nouvelle  lentille,  la  mise  en  correla- 
tion  de  sorte  a  obtenir  une  mesure  de  la  meme  qualite 
pour  une  lentille  qui  a  ete  portee  durant  un  intervalle 
de  temps  connu  et  de  comparer  les  deux  mesures 
pour  developper  une  mesure  du  changement  de  la 
qualite  de  mouillage. 

7.  Methode  selon  la  revendication  1  ,  dans  laquel- 
le  I'etape  de  mettre  en  correlation  comprend  la  deter- 
mination  de  I'epaisseur  du  film  lacrymal  a  partir  de 
I'observation  sequentielle  dans  le  temps,  I'epaisseur 
en  un  moment  particulier  indiquant  la  qualite  de 
mouillage. 

8.  Appareil  pour  evaluer  une  caracteristique  de 
mouillage  d'une  lentille  de  contact  portee  par  une 
personne,  ladite  caracteristique  de  mouillage  etant 
une  fonction  de  I'epaisseur  du  film  lacrymal  devant  la 
lentille,  ledit  appareil  comprenant 

un  moyen  pour  maintenir  la  tete  de  la  personne  de 
sorte  a  determiner  une  position  fixe  de  la  lentille  de 
contact, 

un  moyen  lumineux  (9)  pour  diriger  de  la  lumiere 
coherente  sur  la  lentille  (8),  le  moyen  lumineux  etant 
par  exemple  un  laser,  et 

un  moyen  (19)  pour  observer  ou  enregistrer  une 
sequence  d'images  dans  le  temps  de  la  lumiere 

reflechie  de  facon  speculaire  par  le  film  lacrymal 
devant  la  lentille,  ladite  image  comprenant  un  modele 
de  bandes  d'interference  indiquant  I'epaisseur  du 
film  lacrymal,  de  sorte  que  la  caracteristique  de 

5  mouillage  peut  etre  evaluee  en  determinant  I'epais- 
seur. 

9.  Appareil  selon  la  revendication  8,  comprenant 
un  moyen  (50)  fonctionnant  sur  I'enregistrement 
sequentiel  dans  le  temps  de  I'image  pour  determiner 

w  le  temps  et  les  coordonnees  spatiales  des  bandes 
d'interference  enregistrees  et  pour  developper  des 
signaux  de  sortie  (t,  x,  y)  representant  celles-ci. 

1  0.  Appareil  selon  la  revendication  9,  caracterise 
en  outre  par  un  moyen  ordinateur  (60)  pour  calculer 

is  les  caracteristiques  de  mouillage  a  partir  desdits 
signaux  de  sortie. 

11.  Appareil  selon  la  revendication  10,  dans 
lequel  le  moyen  pour  determiner  les  coordonnees 
determine  des  coordinnees  de  bandes  consecutives 

20  d'interference  le  long  d'une  ligne  normale  au  bord 
creux  et  dans  lequel  I'ordinateur  (60)  est  adapte  pour 
calculer  I'angle  de  contact. 

1  2.  Appareil  selon  la  revendication  8,  9,  1  0  ou  1  1  , 
dans  lequel  le  moyen  lumineux  (9)  dirige  de  la  lumiere 

25  coherente  sur  la  lentille  (8)  et  dans  lequel  un  moyen 
pour  enregistrer  comprend  une  camera  de  film  (19) 
focalisee  sur  le  film  lacrymal  devant  la  lentille  et  posi- 
tionn6e  pour  faire  une  image  de  la  lumiere  du  moyen 
lumineux  qui  est  reflechie  de  facon  speculaire  par  le 

30  film  lacrymal  devant  la  lentille. 
1  3.  Appareil  selon  I'une  quelconque  des  revendi- 

cations  8  a  12,  dans  lequel  le  moyen  lumineux  (9) 
dirige  de  la  lumiere  substantiellement  monochroma- 
tique  vers  la  lentille. 

3s  14.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  8  a  13,  dans  lequel  le  moyen  lumineux  (9) 
dirige  la  lumiere  vers  la  lentille  par  I'intermediaire 
d'un  miroir  incline  (15)  ayant  une  ourverture  cen- 
trale,  et  dans  lequel  le  moyen  d'enregistrement  est 

40  une  camera  qui  prend  une  image  du  film  lacrymal 
devant  la  lentille  par  I'ouverture  centrale,  de  sorte 
que  la  camera  est  placee  pour  prendre  une  image  de 
la  lumiere  reflechie  de  facon  speculaire. 

1  5.  Appareil  selon  I'une  quelconque  des  revendi- 
45  cations  8  a  1  4,  dans  lequel  le  moyen  lumineux  dirige 

un  faisceau  balayant  de  lumiere  coherente  vers  la 
lentille  au  moyen  d'un  premier  miroir  de  balayage 
(21  )  de  sorte  que  la  lumiere  tombe  en  un  point  x  sur 
la  lentille  sous  un  angle  fy(x)  par  rapport  a  la  normale, 

so  et  dans  lequel  le  moyen  d'enregistrement  (19)  com- 
prend  une  camera  qui  recoit  la  lumiere  reflechie  de 
facon  speculaire  par  le  film  lacrymal  devant  la  lentille 
par  reflexion  a  partir  d'un  second  miroir  de  balayage 
(33),  ledit  second  miroir  de  balayage  etant  com- 

55  mande  pour  balayer  le  point  x  en  synchronisme  avec 
le  premier  miroir  de  sorte  a  recevoir  la  lumiere  refle- 
chie  par  le  point  x  sous  un  angle  4>(x). 

60 
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