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Description 

This  invention  relates  to  an  apparatus  for  de- 
tecting  ophthalmic  diseases  in  a  patient's  eye,  and 
more  particularly  to  an  apparatus  for  detecting  oph- 
thalmic  diseases  in  which  laser  light  is  radiated  via 
an  optical  system  at  one  spot  in  the  camera  oculi 
of  the  patient's  eye,  particularly  in  the  anterior 
chamber  thereof  and  the  laser  light  scattered  there- 
from  is  analyzed  to  measure  the  protein  concentra- 
tion  for  opthalmic  disease  detection  in  the  camera 
oculi. 

The  camera  oculi  is  comprised  of  the  camera 
oculi  anterior  (anterior  chamber)  and  the  camera 
oculi  posterior  (posterior  chamber).  The  camera 
oculi  anterior  is  defined  by  a  space  surrounded  by 
the  rear  surface  of  the  cornea,  a  part  of  ciliary 
body,  iris,  and  the  front  surface  of  the  crystalline 
lens,  while  the  camera  oculi  posterior  is  defined  by 
a  space  surrounded  by  the  rear  surface  of  the  iris, 
inner  surface  of  the  ciliary  body,  and  front  surface 
of  the  crystalline  lens.  The  camera  oculi  is  filled 
with  transparent  humor  aqueous,  which  has  chemi- 
cal  and  physical  characteristics  different  from  lym- 
phatic  liquid  and  has  a  close  relation  with  the 
metabolism  of  the  cornea  or  crystalline  lens.  The 
humor  aqueous  contains  proteins  which  increase 
causing  the  camera  oculi  to  be  turbid  when  it 
becomes  inflamed. 

In  this  respect,  the  measurement  of  protein 
concentration  in  the  camera  oculi  of  the  patient's 
eye  is  of  great  importance  in  determining  whether 
the  camera  oculi  is  inflamed,  that  is,  whether  a 
blood-aqueous  barrier  functions  normally  or  not. 

To  measure  the  protein  concentration  in  the 
camera  oculi,  a  slit  lamp  microscope  is  very  often 
used  to  determine  the  turbidity  by  grading  via 
naked  eyes.  This  is,  however,  disadvantageous  be- 
cause  the  judgment  depends  upon  the  person  who 
performs  the  measurement. 

On  the  other  hand,  a  photographic  measuring 
method  has  been  developed  to  make  a  quantitative 
measurement  of  the  protein  concentration.  This 
method  is,  however,  too  complicated  to  analyze, 
thus  very  difficult  to  apply  in  a  clinical  examination. 

To  overcome  this  problem,  an  apparatus  for 
detecting  the  ophthalmic  diseases  has  been  pro- 
posed  which  includes  means  for  focusing  a  laser 
beam  at  a  selected  spot  in  the  camera  oculi  of  an 
eye.  In  the  apparatus,  the  light  scattered  from  the 
eye  is  photoelectrically  detected  and  converted  into 
an  electrical  signal  which  is  subsequently  used  to 
determine  the  protein  concentration  essential  to 
ophthalmic  disease  detection  in  the  camera  oculi  of 
the  patient's  eye,  see,  for  example,  Japanese  Pat- 
ent  Laying-open  No.  120834/87  (the  associated 
family  member  EP-A-225  072  is  a  document  under 
Art.  54(3)EPC). 

This  apparatus,  however,  has  also  the 
drawback  that  the  light  reflected  or  scattered  at  the 
cornea,  iris,  lens  or  artificial  lens  after  the  catarac- 
tous  operation  impinges  on  the  spot  to  be  mea- 

5  sured  in  the  anterior  chamber  or  intrudes  into  the 
laser  scattered  light  in  the  form  of  noises.  This 
disadvantageously  makes  the  measurement  inac- 
curate  and  the  measured  value  poorly  repeatable. 
This  problem  is  further  accelerated  because  the 

io  intensity  of  laser  beam  produced  from  the  laser 
source  is  not  constant  because  its  energy  power 
fluctuates,  or  because  a  photodetector  for  receiving 
the  scattered  light  changes  in  its  sensitivity. 

The  apparatus  has  further  such  a  drawback 
75  that  the  high  intensity  of  laser  light  burdens  the 

patients  during  a  measurement. 

SUMMARY  OF  THE  INVENTION 

20  It  is  therefore  an  object  of  the  present  invention 
to  provide  an  apparatus  for  detecting  ophthalmic 
diseases  which  is  capable  of  easily  and  precisely 
measuring  the  protein  concentration  in  a  patient's 
eye. 

25  It  is  another  object  of  the  present  invention  to 
provide  an  apparatus  for  detecting  ophthalmic  dis- 
eases  which  are  capable  of  reducing  the  burden  on 
the  patient. 

It  is  still  another  object  of  the  present  invention 
30  to  provide  an  apparatus  for  detecting  ophthalmic 

diseases  which  is  capable  of  adjusting  the  intensity 
of  laser  beam  produced  from  a  laser  source. 

It  is  still  another  object  of  the  present  invention 
to  provide  an  apparatus  for  detecting  ophthalmic 

35  diseases  which  is  capable  of  compensating  the 
irregularities  of  sensitivity  of  a  photodetector  for 
receiving  the  light  scattered  from  the  patient's  eye. 

Apparatus  for  detecting  ophthalmic  diseases  in 
a  patient's  eye  is  known,  e.g.  from  EP-A-1  67,877, 

40  comprising  a  laser  source,  a  laser  beam  projector 
and  focusing  means,  a  photoelectric  light-receiving 
means,  and  processing  means. 

According  to  the  present  invention,  there  is 
provided  apparatus  for  detecting  ophthalmic  dis- 

45  eases  in  a  patient's  eye  comprising  a  laser  source 
for  producing  a  linearly  polarized  laser  beam,  a 
laser  beam  projector  for  projecting  said  laser  beam 
and  for  focusing  said  laser  beam  at  a  selected  spot 
in  said  patient's  eye,  light-receiving  means  for  re- 

50  ceiving  light  scattered  from  said  spot  in  the  pa- 
tient's  eye  and  photoelectrically  converting  it  into 
an  electrical  signal,  and  means  for  processing  said 
electrical  signal  to  evaluate  the  ophthalmic  dis- 
eases  in  the  patient's  eye,  characterised  in  that  the 

55  portions  nearest  to  the  patient's  eye  of  both  the 
laser  beam  projector  and  light-receiving  means  are 
arranged  so  that  their  optical  axes  cross  substan- 
tially  at  right  angles  to  each  other,  and  that  a  laser 
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beam  projector  is  arranged  to  project  from  the 
portion  thereof  nearest  to  the  patient's  eye  a  lin- 
early  polarized  laser  beam  which  contains  substan- 
tially  only  the  linear  polarization  component  per- 
pendicular  to  a  plane  formed  by  said  optical  axes, 
whereby  said  laser  beam  which  is  projected  onto 
said  spot  contains  substantially  the  same  linear 
polarization  component  as  that  contained  in  the 
light  laterally  scattered  from  said  patient's  eye. 

In  the  above-mentioned  apparatus  the  laser 
beam  projected  into  the  patient's  eye  contains  only 
the  same  polarization  component(s)  as  that  of  the 
scattered  light,  so  that  the  P-polarized  component 
can  be  removed  from  the  laser  beam,  thus  allowing 
the  quantity  of  laser  light  to  be  reduced  by  that 
factor.  This  arrangement,  thus,  permits  the  employ- 
ment  of  a  compact  laser  source  of  low  power,  low 
costs  and  the  reduction  of  the  burden  on  the  pa- 
tient. 

The  laser  beam  is,  preferably,  so  deflected  that 
it  scans  an  area  in  the  patient's  eye  except  for  a 
plane  which  is  perpendicular  to  the  scanning  direc- 
tion  and  includes  the  corneal  vertex  of  the  patient's 
eye. 

The  laser  beam  projector  includes  a  polarizing 
beam  splitter  which  is  disposed  so  that  said  laser 
beam  of  linear  polarization  impinges  thereon  in  the 
form  of  P-polarization. 

The  polarizing  beam  splitter  is  used  to  com- 
bine  the  said  optical  axes  of  the  laser  beam  projec- 
tor  and  an  illumination  light  projector  into  one  op- 
tical  axis. 

The  apparatus  for  detecting  ophthalmic  dis- 
eases  in  a  patient's  eye  according  to  the  present 
invention  further  includes  means  for  adjusting  the 
quantity  of  light  impinging  on  the  light  receiving 
means  so  that  the  light  receiving  means  produces 
a  predetermined  output  when  it  receives  a  pre- 
determined  intensity  of  scattered  light. 

This  arrangement  makes  it  possible  to  com- 
pensate  the  irregularities  of  sensitivity  of  the  light 
receiving  means  and  to  assure  the  precise  mea- 
surement  of  the  disease  in  the  patient's  eye. 

The  adjusting  means  may  be  realized  by  a 
neutral  density  filter  or  linear  polarizing  plate. 

The  apparatus  may  further  include  means  for 
regulating  the  quantity  of  laser  light  produced  from 
the  laser  source  so  as  to  be  substantially  constant 
independently  of  a  fluctuation  in  power  of  the  laser 
source.  In  this  arrangement,  it  is  possible  to  pro- 
duce  a  laser  beam  whose  intensity  is  almost  con- 
stant  even  if  the  energy  power  of  the  laser  beam 
fluctuates,  thus  also  assuring  an  improved,  precise 
ophthalmic  disease  detection  of  good  reproduc- 
ibility. 

The  regulating  means  can  be  realized  by  a 
neutral  density  filter  of  variable  transmittivity,  or  a 
polarizing  plate. 

The  invention  is  illustrated,  merely  by  way  of 
example,  in  the  accompanying  drawings,  in  which:- 

Figure  1  is  a  perspective  view  of  a  detection 
apparatus  according  to  the  present  invention, 

5  Figure  2  is  a  view  showing  the  arrangement  of 
the  optical  systems  of  the  apparatus; 
Figures  3(A)  and  3(B)  are  explanatory  views 
relating  to  laser  beam  scanning  width; 
Figure  4  is  a  view  showing  the  arrangement  of 

io  an  optical  system  for  observation  of  corneal 
reflex  light; 
Figure  5(A)  is  a  view  of  another  embodiment  of 
an  optical  system  for  observation  of  corneal 
reflex  light; 

is  Figures  5(B)  to  5(D)  are  explanatory  views 
showing  light-receiving  plate  embodiments; 
Figure  6  is  a  view  showing  the  positional  ar- 
rangement  when  the  optical  axes  of  the  laser 
beam  projector  and  the  light  receiving  means 

20  are  disposed  at  about  90  degrees  to  each  other; 
Figures  7  to  9  are  explanatory  views  each  show- 
ing  a  different  embodiment  of  an  optical  system 
for  adjusting  the  quantity  of  light  impinging  on  a 
photodetector; 

25  Figure  10  is  an  explanatory  view  showing  a 
projection  and  reception  of  a  laser  beam  having 
P  and  S  components; 
Figure  11  is  a  view  showing  another  embodi- 
ment  of  an  optical  system  according  to  the 

30  present  invention; 
Figure  12(A)  is  an  explanatory  view  showing  an 
arrangement  in  which  a  polarizing  plate  is  used 
as  a  light  quantity  adjuster; 
Figure  12(B)  is  an  explanatory  view  showing  the 

35  regulation  of  light  using  polarization  characteris- 
tics  of  a  polarizing  plate;  and 
Figures  13(A)  and  13(B)  are  explanatory  views 
each  showing  a  light  regulation  using  a  neutral 
density  filter. 

40  Figures  1  and  2  show  the  general  arrangement 
of  an  ophthalmic  disease  detection  apparatus 
which  may  be  used  in  the  present  invention.  In  the 
drawings,  reference  numeral  1  indicates  a  helium- 
neon  or  argon  type  laser  light  source  which  can 

45  produce  a  linearly  polarized  laser  beam  1'.  The 
laser  light  source  1  is  provided  on  a  base  2.  The 
laser  beam  1'  of  linear  polarization  emitted  from 
the  laser  light  source  1  is  passed  through  a  laser 
filter  3,  a  prism  4,  a  swingable  mirror  5,  a  laser 

50  beam  projector  comprising  a  prism  6,  a  lens  7,  a 
beam  splitter  8,  a  lens  9  and  a  prism  10,  and 
converged  at  one  spot  in  the  camera  oculi  11a  of 
the  patient's  eye  1  1  . 

A  slit  light  source  12  is  provided  in  a  laser 
55  emitting  portion,  and  the  light  emitted  from  this  slit 

light  source  12  passes  through  a  slit  light  shutter 
13,  a  slit  14,  and  via  the  beam  splitter  8,  the  lens  9 
and  the  prism  10,  whereupon  it  is  imaged  as  a  slit 

3 
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image  on  the  camera  oculi  11a  or  anterior  cham- 
ber.  Because  the  light  emitted  from  the  above- 
mentioned  laser  light  source  1  is  converted  as  a 
spot  of  light,  the  slit  light  image  is  intended  to 
illuminate  the  periphery  of  the  light  spot  and  there- 
by  make  the  verification  of  the  location  of  the  spot 
image  easy. 

Adjustment  as  well  as  switching  of  the  length 
of  the  slit  along  the  lengthwise  dimension  of  the  slit 
14  are  carried  out  by  means  of  an  adjusting  knob 
15  and  a  switching  knob  16,  respectively. 

Part  of  the  laser  light  scattered  from  the  spot 
being  measured  in  the  camera  oculi  11a  passes 
through  the  objective  lens  20  of  a  detector  29,  and 
is  then  divided  by  a  beam  splitter  21  ,  whereupon  a 
portion  of  the  light  passes  through  a  lens  22,  light 
quantity  adjuster  80  such  as  an  ND  filter,  linear 
polarizer  and  the  like,  and  a  shutter  26',  and  strikes 
a  photomultiplier  27  which  performs  the  function  of 
a  photoelectric  converter  and  thus  constitutes  a 
main  component  of  a  light-receiving  means  for 
receiving  light  scattered  from  the  spot  11a  and 
photo  photoelectrically  converting  it  into  an  elec- 
trical  signal.  A  mask  26  with  a  slit  26a  having  a 
certain  width  is  disposed  in  the  front  of  the 
photomultiplier  27,  to  limit  the  impinging  of  the 
scattered  light  thereon.  Another  portion  of  the  scat- 
tered  light  divided  by  the  beam  splitter  21  is  di- 
rected  in  another  direction  and  passes  through  a 
variator  lens  30,  a  prism  31  ,  and  a  monitoring  plate 
34.  The  image  may  be  observed  by  an  examiner 
33  through  an  eyepiece  32. 

The  output  signal  of  the  photomultiplier  27  is 
amplified  by  an  amplifier  28  and  then  applied  to  a 
counter  40  for  counting  the  number  of  photons, 
thus  determining  the  intensity  of  the  scattered  light 
detected  by  the  photomultplier  27.  The  counter  40 
counts  the  number  of  pulses  appearing.  When  the 
photomultiplier  27  receives  the  scattered  light 
greater  in  intensity  than  a  predetermined  value,  the 
counter  40  counts  the  output  signal  from  the 
photomultiplier  27,  so  that  the  intensity  of  the  scat- 
tered  light  is  detected  as  the  number  of  pulses  per 
unit  time.  The  output  signal  of  the  counter  40, 
indicating  the  sampled  number  of  total  number  of 
pulses  are  stored  in  an  area  of  a  memory  25  for 
each  unit  time.  The  signals  stored  in  the  memory 
25  are  read  out  and  then  applied  to  an  evaluating 
device  41  to  calculate  the  protein  concentration  in 
the  camera  oculi  11a. 

The  swingable  mirror  5  is  pivoted  by  a  mirror 
driver  60  connected  to  the  evaluating  device  41 
whereupon  the  laser  beam  is  thereby  scanned, 
moving  the  spot  of  laser  light  in  the  anterior  cham- 
ber.  As  shown  in  Figures  3(A)  and  3(B),  the  scan- 
ning  of  the  laser  beam  takes  place  over  a  region 
S1  which  is  below  a  plane  S  which  is  perpendicular 
to  the  scanning  direction  T  and  includes  the  vertex 

50a  of  the  cornea  50.  The  plane  S  is  selected  so 
as  not  to  coincide  with  a  plane  L  (shown  in  Figure 
2  and  Figure  3(A))  that  includes  the  optical  axes  of 
the  portions  of  the  laser  beam  projector  4,  5,  7,  8, 

5  9  and  the  light-receiving  means  10,  20,  21,  22,  27 
nearest  to  the  patient's  eye  11.  The  detector  29 
houses  an  optical  system  for  the  positional  align- 
ment  of  the  patient's  eye  11  with  the  detection 
apparatus  by  receiving  the  corneal  reflected  light 

io  51  .  The  corneal  reflected  light  51  is  received  via  a 
prism  61  ,  passes  through  a  prism  62,  a  shutter  64, 
a  mask  63  and  a  lens  65,  and  is  deflected  by  the 
beam  splitter  21  toward  the  examiner  33.  The 
prisms  61  and  62  are  adjusted  so  as  to  receive  the 

is  corneal  reflected  light  with  good  efficiency.  The 
shutter  64  is  linked  to  the  shutter  26'  disposed  in 
front  of  a  photomultiplier  27,  the  arrangement  being 
such  that  when  the  shutter  26'  is  open  the  shutter 
64  is  closed. 

20  The  detector  29  is  affixed  to  a  support  70.  The 
support  70  and  the  laser  beam  projector  are  pro- 
vided  so  as  to  be  rotatable,  with  respect  to  each 
other,  about  a  spindle  71  ,  so  as  to  allow  the  angle 
between  the  optical  axes  of  the  laser  beam  projec- 

25  tor  and  the  light  receiving  means  to  be  adjusted  to 
the  required  setting.  In  the  preferred  embodiment, 
detection  is  carried  out  with  this  angle  set  at  about 
90  degrees. 

In  accordance  with  this  invention,  an  eye  fix- 
30  ation  light  90  constituted  by  a  light-emitting  diode 

or  the  like  powered  by  electricity  supplied  from  a 
power  source  91  is  disposed  at  a  position  that 
permits  fixation  of  the  patient's  eye.  The  light  se- 
lected  for  the  eye  fixation  light  90  is  of  a  different 

35  color  than  the  light  of  the  laser  light  source  1  .  For 
example,  when  the  light  from  the  laser  light  source 
is  red,  a  green  light  is  selected.  The  eye  fixation 
light  90  can  be  turned  in  the  direction  indicated  by 
the  arrow  by  means  of  a  link  mechanism  92  to 

40  enable  it  to  be  adjusted  so  that  it  is  always  in  an 
optimum  position  with  respect  to  the  patient's  eye. 

Provided  on  the  base  2  is  an  input  means, 
such  as  a  joystick  45  equipped  with  a  push-button 
46,  and  this  can  be  operated  to  insert  the  laser 

45  filter  3,  the  slit  light  shutter  13,  the  shutter  26'  and 
the  shutter  64  into,  or  retract  the  elements  from, 
the  respective  optical  system. 

The  operation  of  the  detection  apparatus  ar- 
ranged  thus  will  now  be  described.  In  conducting 

50  the  detection,  the  slit  light  source  12  is  activated 
and  an  image  of  the  slit  14  is  formed,  via  the  beam 
splitter  8,  the  lens  9  and  the  prism  10,  on  a  part 
that  includes  the  measuring  point  P  of  the  anterior 
chamber  11a.  Following  this,  light  from  the  laser 

55  light  source  1  is  converged  on  the  measuring  point 
P  via  the  said  optical  system. 

A  portion  of  the  light  from  the  measuring  point 
P  is  simultaneously  directed  by  the  beam  splitter 

4 
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21  to  the  examiner  33  for  observation  and  through 
the  lens  22,  the  light  quantity  adjuster  80,  the  mask 
26  and  the  shutter  26'  to  impinge  on  the  photomul- 
tiplier  27. 

As  shown  in  Figure  7,  the  light  quantity  ad- 
juster  80  is,  for  example,  comprised  of  a  neutral 
density  filter  80a  and  disposed  in  the  front  of  the 
photomultiplier  27  to  compensate  its  irregularity  in 
its  sensitivity.  For  this  purpose,  a  sample  cell  81'  is 
used  which  contains  a  liquid  such  as  polystyrene 
latex  having  a  given  intensity  of  scattered  light  to 
provide  a  reference  concentration.  A  laser  beam 
having  a  certain  intensity  is  projected  into  the  sam- 
ple  cell  and  scattered  towards  the  photomultiplier 
27.  The  transmission  factor  of  the  neutral  density 
filter  80a  is  so  selected  that  the  output  signal  from 
the  photomultiplier  27  may  be  equal  to  a  set  value. 
The  neutral  density  filter  80a  whose  transmission 
factor  thus  determined  makes  it  possible  to  com- 
pensate  the  irregularity  of  the  photomultiplier  in  its 
sensitivity. 

The  swingable  mirror  5  is  pivoted  by  the  mirror 
driver  60  in  the  direction  indicated  by  the  arrow,  to 
scan  the  laser  beam  in  the  direction  T  across  a 
scanning  width  S1  which  is  below  the  plane  S 
which  includes  the  corneal  vertex,  as  illustrated  in 
Figure  3(B). 

The  photomultiplier  27,  whose  sensitivity  is 
compensated  by  the  light  quantity  adjuster,  re- 
ceives,  via  the  slit  26a,  the  incident  scattered  laser 
light,  detects  the  intensity  of  the  light  that  has  been 
diffused  by  protein  particles  in  the  anterior  cham- 
ber  11a  and  converts  this  into  a  corresponding 
pulse  train  which  is  counted  by  a  counter  40  as 
number  of  pulses  per  unit  time  and  the  count 
values  are  stored  in  memory  25  allocated  for  each 
unit  time.  The  evaluating  device  41  calculates  the 
data  contained  in  the  memory  25  to  evaluate  the 
concentration  of  protein  in  the  anterior  chamber. 

This  embodiment  of  an  apparatus  which  may 
be  used  in  the  invention  incorporates  a  system 
(elements  61  to  65)  for  making  an  exact  optical 
alignment  between  the  portion  of  the  patient's  eye 
to  be  measured  and  the  light  receiving  means. 
With  this  system,  the  surface  that  receives  the 
corneal  reflected  light  51  is  fixed  to  the  laser  beam 
projector  or  the  light  receiving  means.  In  the  em- 
bodiment  illustrated  in  Figure  2,  the  prism  61  forms 
the  light  receiving  surface.  During  the  positional 
alignment  process,  the  shutter  64  is  opened  and 
the  shutter  26'  is  closed.  Each  of  the  optical  sys- 
tems  is  disposed  so  that  when,  in  this  state,  the 
patient's  eye  1  1  is  correctly  aligned  with  the  detec- 
tion  apparatus,  the  examiner  33  can  observe  the 
corneal  reflected  light  within  his  field  of  vision. 

In  this  case,  as  illustrated  in  Figure  4,  it  is 
preferable  to  use  an  arrangement  wherein  a  con- 
denser  lens  66  is  disposed  in  front  of  the  shutter 

64  and,  using  the  stop  63'  that  has  a  transmitting 
portion  63'a  within  a  diffusing  surface,  the  corneal 
reflected  light  51  is  converged  on  the  transmitting 
portion  63'a.  An  advantage  of  this  embodiment  is 

5  that  the  observed  corneal  reflected  light  image  is 
brighter,  and  as  the  brightness  is  related  to  operat- 
ing  distance,  the  operating  distance  can  be  mon- 
itored  approximately. 

With  reference  to  Figure  2,  the  prisms  61  and 
io  62  may  be  coupled  by  a  light  guide  and,  further- 

more,  a  diffusing  plate  may  be  employed  in  place 
of  the  prism  62.  Again,  because  the  laser  beam 
projector  and  the  light  receiving  means  are  in  a 
predetermined  positional  relationship  in  which  the 

is  portions  thereof  nearest  to  the  patient's  eye  have 
their  optical  axes  set  at  90  degrees,  as  described 
later,  the  surface  that  receives  the  corneal  reflected 
light  may  be  fixed  to  the  laser  Beam  projector. 

With  respect  to  the  positional  alignment,  as 
20  illustrated  in  Figures  5(A)  and  5(B),  a  light  receiving 

plate  72  constituted  of  ground  glass  or  the  like  and 
having  a  scale  with  graduations  may  be  used  that 
will  enable  the  examiner  to  make  a  direct  visual 
observation.  As  indicated  by  the  dashed  line,  the 

25  size  and  position  of  a  corneal  reflected  light  image 
72a  as  observed  by  the  light  receiving  plate  72 
depends  on  the  positional  relationship  of  the  pa- 
tient's  eye  11  and  the  detection  apparatus,  which 
makes  it  possible  to  carry  out  the  positional  align- 

30  ment  by  a  simple  method.  Also,  as  shown  in  Fig- 
ures  5(C)  and  5(D),  it  is  possible  to  dispose  a 
plurality  of  photodiodes  on  the  light  receiving  plate 
72  for  positional  alignment  purposes.  In  the  exam- 
ple  illustrated  by  Figure  5(C)  the  detection  appara- 

35  tus  is  in  alignment  when  no  light  is  received  by  the 
four  photodiodes  73a  and  light  is  received  by  the 
four  photodiodes  73b.  In  the  example  shown  in 
Figure  5(D)  alignment  has  been  achieved  when 
light  is  not  received  by  photodiode  74a  and  light  is 

40  received  by  the  four-part  photodiode  74b  and 
photodiode  74c. 

Each  of  the  embodiments  illustrated  in  Figure  5 
enables  three-dimensional  positional  alignment  to 
be  carried  out  using  a  simple  arrangement  and 

45  eliminates  the  need  for  registration  light  sources, 
targets  and  other  such  parts  relating  to  laser  beam 
projector  systems  for  positional  alignment.  Also, 
when  photodiodes  are  employed,  it  is  possible  to 
have  the  photodiodes  indicate  the  positional  align- 

so  ment  in  accordance  with  the  received  light  state. 
With  the  radius  of  curvature  of  the  cornea 

being  around  6  mm  to  8  mm,  and  the  depth  of  the 
aqueous  humor  in  the  anterior  chamber  being  in 
the  order  of  3  mm,  the  rays  that  are  brought  to 

55  convergence  on  the  aqueous  humor  of  the  anterior 
chamber  are,  after  reflection  at  the  cornea,  once 
converged  and  then  diffused.  Utilizing  this  con- 
verged  light  spot  for  positional  alignment  is  conve- 

5 
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nient  for  obtaining  positional  alignment  information 
because  the  spot  has  a  high  luminance,  but  as  in 
the  case  of  some  detection  areas  in  the  aqueous 
humor  the  light  might  be  converged  quite  close  to 
the  cornea,  for  the  light  receiving  surface  it  is 
preferable  to  choose  a  place  where  the  light  has 
become  diffused. 

Also  in  accordance  with  this  embodiment,  as 
illustrated  in  Figure  6,  the  light  receiving  means 
and  the  laser  beam  projector  are  disposed  so  that 
their  optical  axes  cross  at  around  90  degrees.  At 
this  time  an  image  26"  of  the  mask  26  is  formed 
by  the  lens  22  at  the  beam  waist  80'  on  the  optical 
axis  81  of  the  light  receiving  means  22,  26,  27  at  a 
position  which  is  a  conjugate  with  that  of  the  mask 
26. 

Figure  8  shows  an  embodiment  in  which  the 
light  quantity  adjuster  is  constituted  by  a  linear 
polarizer  (plate)  80b.  The  light  scattered  at  the 
proteins  in  the  camera  oculi  of  the  patient's  eye  1  1 
is  almost  S-polarized,  so  far  as  it  concerns  the 
lateral  scattering.  For  this  reason,  the  polarizer  80b 
is  rotated  to  adjust  the  quantity  of  light  impinging 
on  the  photomultiplier  27.  Similarly  as  in  Figure  7, 
the  reference  cell  81'  is  used  to  determine  the 
angle  of  rotation  of  the  polarizer  80b  so  that  the 
output  of  the  photomultiplier  27  may  be  equal  to  a 
set  value. 

The  scattered  light  from  the  proteins  in  the 
camera  oculi  behaves  P-polarized  when  it  impinges 
on  the  semitransparent  mirror  21  .  This  leads  to  the 
greater  quantity  of  transmitted  light  T  and  the 
smaller  quantity  of  reflected  light  S1.  To  prevent 
this,  a  half-wavelength  plate  81"  is  disposed  in  the 
front  of  the  semitransparent  mirror  21  as  shown  in 
Figure  9  to  cause  the  scattered  light  to  impinge  on 
the  semitransparent  mirror  as  S-polarized  light.  The 
scattered  light,  when  it  passes  through  the  half- 
wavelength  plate,  has  its  direction  of  polarization 
perpendicular  to  the  plane  of  paper  with  an  im- 
proved  S/N  ratio  because  of  the  great  reflected 
light  S2  and  the  small  transmitted  light  T1  . 

In  the  above  described  embodiment,  the  laser 
beam  projector  L1  and  the  light  receiving  means 
are  so  arranged  that  their  axes  cross  about  at  90 
degrees  as  shown  in  Figure  10.  In  this  case,  the 
light  receiving  means  receives  the  laterally  scat- 
tered  light  that  contains  substantially  only  the  S- 
polarized  component  (linear  component  perpen- 
dicular  to  the  plane  of  paper).  Thus,  the  use  of  a 
laser  source  which  emits  a  random  polarized  laser 
beam  causes  its  P-polarized  component  A 
(indicated  by  double  arrows)  to  pass  through  the 
patient's  eye  with  the  result  of  a  burden  to  the 
patient  and  a  reduced  efficiency  of  the  laser  source 
in  use. 

To  remove  this  drawback,  the  laser  beam  of 
linear  polarization  produced  by  the  laser  light 

source  is  so  produced  that  the  laser  beam  imping- 
ing  on  the  patient's  eye  11  may  contain  substan- 
tially  only  the  S-polarized  component  correspond- 
ing  to  the  linear  polarization  of  the  scattered  light. 

5  In  other  words,  the  direction  of  polarization  of  the 
linearly  polarized  laser  beam  is  substantially  the 
same  direction  on  the  spot  to  be  converged  as  that 
of  the  linear  polarization  of  the  scattered  light. 

Since,  in  this  arrangement,  the  laser  beam 
io  from  the  laser  light  source  1  contains  only  the  S- 

polarized  component,  it  is  possible  to  reduce  the 
incident  light  quantity  by  a  factor  corresponding  to 
the  P-polarized  component  thereof. 

In  the  above-mentioned  embodiment,  a  halo- 
15  gen  lamp  is  used  as  slit  light  source  12,  so  that  the 

reduction  of  quantity  of  laser  light  can  be  pre- 
vented  if  the  polarizing  beam  splitter  8  is  used  to 
combine  both  the  optical  axes  of  the  laser  beam 
and  slit  light  into  one  optical  axis  .  It  will  be  noted 

20  that  the  laser  beam  impinges  on  the  polarization 
beam  splitter  in  the  form  of  P-polarization.  This 
makes  it  possible  to  prevent  the  loss  of  the  linearly 
polarized  laser  beam  when  it  passes  through  the 
beam  splitter. 

25  Thus,  the  laser  beam  contains  only  the  po- 
larization  component  (S)  that  the  lateral  scattered 
light  has,  so  that  the  P-polarized  component  can  be 
removed  from  the  laser  beam,  thus  allowing  the 
quantity  of  laser  light  to  be  reduced  by  that  factor. 

30  This  permits  the  use  of  the  compact  laser  light 
source  of  low  power,  low  costs  and  the  reduction  of 
a  burden  to  the  patient's  eye. 

In  the  embodiments  as  described  above,  the 
laser  light  source  suffers  from  a  power  fluctuation 

35  of  several  percentages.  This  also  causes  the  fluc- 
tuation  in  intensity  of  light  scattered  from  the  pa- 
tient's  eye.  This  fluctuation  leads  to  errors  in  mea- 
surement,  reduced  reproducibility  and  degraded 
accuracy  of  measurement  because  of  a  strong 

40  correlation  between  the  intensity  of  scattered  light 
and  the  concentration  in  the  camera  oculi. 

This  problem  can  be  solved  by  an  embodiment 
in  Figure  11  in  which  a  light  quantity  adjuster  is 
provided  in  the  laser  beam  projector  to  adjust  the 

45  quantity  of  laser  light  projected  onto  a  predeter- 
mined  portion  in  the  eye  so  as  to  be  substantially 
constant  independently  of  the  power  fluctuation  of 
the  laser  light  source.  In  the  embodiments  in  Fig- 
ure  11,  the  same  portions  as  those  in  Figure  2  are 

50  indicated  by  the  same  reference  numerals,  and 
their  description  will  be  omitted. 

In  Figure  11,  the  laser  beam  from  the  laser 
light  source  is  converged  on  a  spot  in  the  camera 
oculi  11a  of  the  patient's  eye  via  a  light  quantity 

55  adjuster  102  such  as  a  polarizing  plate,  a  neutral 
density  filter  of  variable  transmittivity  and  the  like,  a 
beam  splitter  103,  the  prisms  4  to  5,  the  lens  7,  the 
beam  splitter  8,  the  lens  9  and  the  prism  10.  A 

6 
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portion  of  laser  light  splitted  by  the  beam  splitter 
103  is  directed  forward  to,  for  example,  a 
photodiode  104  which  serves  to  monitor  the  quan- 
tity  of  light  from  the  laser  light  source.  The  output 
from  the  photodiode  104  is  fed  to  an  automatic 
light  regulator  105  whose  output  is  fed  back  to  the 
light  quantity  adjuster  102  for  automatic  regulation 
of  light  quantity. 

The  light  quantity  adjuster  102  is,  for  example, 
constructed  of  a  polarizing  plate  102a,  which  will 
be  mounted  about  the  optical  path  1a  of  the  laser 
light  source  1  as  shown  in  Figure  12  (A).  The 
polarizing  plate  102a  has  the  direction  P  of  po- 
larization  as  shown  in  Figure  12  (B),  while  the  laser 
light  source  1  of  He-Ne  has  the  linear  polarization 
Q.  Thus,  the  rotation  of  the  polarizing  plate  102a 
makes  it  possible  to  adjust  the  quantity  of  light 
passing  therethrough. 

The  output  signal  from  the  photodiode  104  is 
applied  to  the  light  regulator  105  including  a  motor, 
which  is  then  actuated  to  rotate  the  polarizing  plate 
102a  so  that  the  quantity  of  light  impinging  on  the 
photodiode  104  may  be  constant.  The  polarizing 
plate  102a  is,  for  example,  rotated  in  the  direction 
in  which  its  polarization  P  coincides  with  the  direc- 
tion  Q  of  polarization  of  the  laser  beam,  if  the 
increase  of  the  light  quantity  is  desired,  and  rotated 
in  the  direction  in  which  both  the  directions  P  and 
Q  cross  at  90  degrees,  if  the  decrease  is  desired. 

Thus,  the  laser  beam  converged  on  the  spot  P 
to  be  measured  can  be  made  constant  in  quantity 
of  light  irrespectively  of  the  power  fluctuation  of  the 
laser  light  source. 

Figure  13(A)  and  13(B)  show  each  of  embodi- 
ments  in  which  the  light  quantity  adjuster  is  com- 
prised  of  a  neutral  density  filter  of  variable  transmit- 
tivity.  In  this  case,  the  laser  light  source  1  can  have 
any  polarizing  characteristics,  not  limited  to  the 
linear  polarization.  In  Figure  13(A),  a  neutral  density 
filter  102b  is  rotated  about  an  axis  O  set  off  from 
the  optical  axis  1a  of  the  laser  beam  to  change  its 
transmission  density  from  S1'  to  S2'.  In  Figure  13- 
(B),  a  neutral  density  filter  102c  is  moved  into  or 
removed  from  the  optical  axis  1a  of  the  laser  beam 
to  allow  the  change  in  its  density. 

These  neutral  density  filters  102b  and  102c  are 
adapted  to  be  rotatable  or  slidable  so  that  the 
quantity  of  light  impinging  on  the  photodiode  104 
can  be  made  equal  to  a  set  value  for  automatic 
light  regulation. 

In  the  above  embodiments,  it  will  be  judged 
that  the  laser  light  source  has  its  time  when  no  set 
value  is  obtained  even  in  its  maximum  power. 

These  embodiments  in  which  the  light  quantity 
adjuster  is  provided  in  the  laser  beam  projector 
assure  the  compensation  for  power  fluctuation  in 
the  laser  light  source  and  an  improved,  precise 
ophthalmic  measurement  of  good  repeatability. 

While  the  invention  has  been  described  with 
reference  to  a  preferred  embodiment,  it  will  be 
understood  by  those  skilled  in  the  art  that  various 
changes  may  be  made  and  equivalents  may  be 

5  substituted  for  elements  thereof  without  departing 
from  the  scope  of  the  invention  as  defined  in  the 
appended  claims.  In  addition,  many  modifications 
may  be  made  to  adapt  a  particular  situation  or 
material  to  the  teachings  of  the  invention  without 

io  departing  from  the  essential  scope  thereof  as  de- 
fined  in  the  appended  claims.  Therefore,  it  is  in- 
tended  that  the  invention  should  not  be  limited  to 
the  particular  embodiment  disclosed  as  the  best 
mode  contemplated  for  carrying  out  the  invention, 

is  but  that  the  invention  will  include  all  embodiments 
falling  within  the  scope  of  the  appended  claims. 

Claims 

20  1.  Apparatus  for  detecting  ophthalmic  diseases  in 
a  patient's  eye  (11)  comprising  a  laser  source 
(1)  for  producing  a  linearly  polarized  laser 
beam  (1'),  a  laser  beam  projector  (4,5,7,8,9,10) 
for  projecting  said  laser  beam  and  for  focusing 

25  said  laser  beam  at  a  selected  spot  (11a)  in 
said  patient's  eye,  light-receiving  means 
(20,21  ,22,27)  for  receiving  light  scattered  from 
said  spot  (11a)  in  the  patient's  eye  (11)  and 
photoelectrically  converting  it  into  an  electrical 

30  signal,  and  means  (41)  for  processing  said 
electrical  signal  to  evaluate  the  ophthalmic  dis- 
eases  in  the  patient's  eye,  characterised  in  that 
the  portions  nearest  to  the  patient's  eye  of 
both  the  laser  beam  projector  (4,5,7,8,9,10) 

35  and  light-receiving  means  (20,21  ,22,27)  are  ar- 
ranged  so  that  their  optical  axes  cross  sub- 
stantially  at  right  angles  to  each  other  and  that 
the  laser  beam  projector  is  arranged  to  project 
from  the  portion  thereof  nearest  to  the  patient's 

40  eye  a  linearly  polarized  laser  beam  which  con- 
tains  substantially  only  the  linear  polarization 
component  (S)  perpendicular  to  a  plane 
formed  by  said  optical  axes,  whereby  said 
laser  beam  (1')  which  is  projected  onto  said 

45  spot  (11a)  contains  substantially  the  same  lin- 
ear  polarization  component  (S)  as  that  con- 
tained  in  the  light  laterally  scattered  from  said 
patient's  eye. 

50  2.  Apparatus  as  claimed  in  claim  1  ,  characterised 
in  that  said  laser  beam  is  so  deflected  that  it 
scans  an  area  in  the  patient's  eye  except  for  a 
plane  (S)  which  is  perpendicular  to  the  scan- 
ning  direction  and  includes  the  corneal  vertex 

55  (50a)  of  the  patient's  eye  (11). 

3.  Apparatus  as  claimed  inclaim  1  or  2,  character- 
ized  in  that  said  laser  beam  projector  includes 
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a  polarizing  beam  splitter  (8)  which  is  disposed 
so  that  said  linearly  polarized  laser  beam  im- 
pinges  thereon  in  the  form  of  P-polarisation. 

4.  Apparatus  as  claimed  in  claim  1,  further  com- 
prising  an  illumination  light  projector  (12)  for 
illuminating  the  area  of  said  spot  (11a)  to  be 
measured. 

5.  Apparatus  as  claimed  in  claim  3,  characterised 
in  that  said  polarizing  beam  splitter  (8)  is  used 
to  combine  the  said  optical  axes  of  said  laser 
beam  projector  and  said  illumination  light  pro- 
jector  into  one  optical  axis. 

Patentanspruche 

1.  Vorrichtung  zur  Bestimmung  ophthalmischer 
Krankheiten  im  Auge  (11)  eines  Patienten, 
umfassend  eine  Laserquelle  (1)  zur  Erzeugung 
eines  linear  polarisierten  Laserstrahls  (1')  ,  ei- 
nen  Laserstrahlprojektor  (4,  5,  7,  8,  9,  10)  zur 
Projektion  des  Laserstrahls  und  zur  Fokussie- 
rung  des  Laserstrahls  an  einer  ausgewahlten 
Stelle  (11a)  in  dem  Auge  des  Patienten,  eine 
Lichtempfangereinrichtung  (20,  21,  22,  27)  fur 
den  Empfang  und  zur  fotoelektrischen  Urn- 
wandlung  von  Licht,  das  von  der  Stelle  (11a)  in 
dem  Auge  (11)  des  Patienten  gestreut  wurde, 
in  ein  elektrisches  Signal,  und  eine  Einrichtung 
(41)  zur  Verarbeitung  des  elektrischen  Signals 
zwecks  Wertung  der  ophthalmischen  Krankhei- 
ten  in  dem  Auge  des  Patienten, 
dadurch  gekennzeichnet,  dal3  die  dem  Auge 
des  Patienten  nachstgelegenen  Teile  des  La- 
serstrahlprojektors  (4,  5,  7,  8,  9,  10)  und  der 
Lichtempfangereinrichtung  (20,  21  ,  22,  27)  der- 
art  angeordnet  sind,  dal3  ihre  optischen  Achsen 
sich  unter  im  wesentlichen  rechten  Winkeln 
zueinander  kreuzen,  und  dal3  der  Laserstrahl- 
projektor  dazu  eingerichtet  ist,  von  seinem 
dem  Auge  des  Patienten  nachstgelegenen  Teil 
aus  einen  linear  polarisierten  Laserstrahl  zu 
projizieren,  der  im  wesentlichen  nur  die  lineare 
Polarisationskomponente  (S)  enthalt,  die  zu  ei- 
ner  von  den  optischen  Achsen  aufgespannten 
Ebene  senkrecht  liegt,  wodurch  der  auf  die 
Stelle  (11a)  projizierte  Laserstrahl  (1')  im  we- 
sentlichen  die  gleiche  Linearpolarisationskom- 
ponente  (S)  enthalt,  wie  sie  in  dem  lateral  von 
dem  Auge  des  Patienten  gestreuten  Licht  ent- 
halten  ist. 

2.  Vorrichtung  nach  Anspruch  1  ,  dadurch  gekenn- 
zeichnet,  dal3  der  Laserstrahl  derart  abgelenkt 
wird,  dal3  er  einen  Bereich  in  dem  Auge  des 
Patienten  mit  Ausnahme  einer  Ebene  (S)  abta- 
stet,  die  sich  senkrecht  zur  Abtastrichtung  er- 

streckt  und  den  Hornhautscheitel  (50a)  des  Au- 
ges  (11)  des  Patienten  enthalt. 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  dadurch 
5  gekennzeichnet,  dal3  der  Laserstrahlprojektor 

einen  Polarisationsstrahlteiler  (8)  umfaBt,  der 
derart  angeordnet  ist,  dal3  der  linear  polarisier- 
te  Laserstrahl  in  P-polarisierter  Form  darauf 
auftrifft. 

10 
4.  Vorrichtung  nach  Anspruch  1,  umfassend  ei- 

nen  llluminationslichtprojektor  (12)  zur  Be- 
leuchtung  des  Bereichs  der  der  Messung  zu 
unterziehenden  Stelle  (11a). 

15 
5.  Vorrichtung  nach  Anspruch  3,  dadurch  gekenn- 

zeichnet,  dal3  der  Polarisationsstrahlteiler  (8) 
dazu  verwendet  wird,  die  optischen  Achsen 
des  Laserstrahlprojektors  und  des  lllumina- 

20  tionslichtprojektors  in  einer  optischen  Achse  zu 
vereinigen. 

Revendicatlons 

25  1.  Appareil  pour  detecter  les  derangements  oph- 
talmiques  dans  I'oeil  (11)  d'un  patient,  compre- 
nant  une  source  laser  (1)  servant  a  introduire 
un  faisceau  laser  (1')  polarise  lineairement,  un 
projecteur  de  faisceau  laser  (4,  5,  7,  8,  9,  10) 

30  servant  a  projeter  ledit  faisceau  laser  et  a 
concentrer  ledit  faisceau  laser  sur  un  point 
choisi  (11a)  de  I'oeil  du  patient,  des  moyens 
recepteurs  de  lumiere  (20,  21  ,  22,  27)  destines 
a  recevoir  la  lumiere  diffusee  par  ledit  point 

35  (11a)  de  I'oeil  (11)  du  patient  et  a  la  convertir 
par  voie  photo-electrique  en  un  signal  electri- 
que,  et  des  moyens  (41)  servant  a  traiter  ledit 
signal  electrique  pour  evaluer  les  derange- 
ments  ophtalmiques  de  I'oeil  du  patient,  carac- 

40  terise  en  ce  que  les  parties  du  projecteur  de 
faisceau  laser  (4,  5,  7,  8,  9,  10)  et  des  moyens 
recepteurs  de  lumiere  (20,  21  ,  22,  27)  qui  sont 
proches  de  I'oeil  du  patient  sont  agences  de 
maniere  que  leurs  axes  optiques  se  croisent 

45  mutuellement  a  angle  droit  et  de  maniere  que 
le  projecteur  de  faisceau  laser  (1)  soit  agence 
pour  projeter  a  partir  de  sa  partie  la  plus 
proche  de  I'oeil  du  patient  un  faisceau  laser 
polarise  lineairement  qui  ne  contient  sensible- 

50  ment  que  la  composante  (S)  de  la  polarisation 
lineaire  qui  est  perpendiculaire  au  plan  forme 
par  lesdits  axes  optiques,  de  sorte  que  ledit 
faisceau  laser  (1  ')  qui  est  projete  sur  ledit  point 
(11a)  contient  sensiblement  la  meme  compo- 

55  sante  (S)  de  la  polarisation  lineaire  que  celle 
qui  est  contenue  dans  la  lumiere  diffusee  late- 
ralement  par  I'oeil  du  patient. 

8 
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Appareil  selon  la  revendication  1,  caracterise 
en  ce  que  ledit  faisceau  laser  est  devie  de 
maniere  a  balayer  une  zone  a  I'interieur  de 
I'oeil  du  patient,  sauf  dans  un  plan  (S)  qui  est 
perpendiculaire  a  la  direction  de  balayage  et  5 
qui  contient  le  vertex  corneen  (50a)  de  I'oeil 
(1  1)  du  patient. 

Appareil  selon  la  revendication  1  ou  2,  caracte- 
rise  en  ce  que  ledit  projecteur  de  faisceau  10 
laser  comprend  un  diviseur  de  faisceau  polari- 
sant  (8)  qui  est  dispose  de  maniere  que  ledit 
faisceau  laser  polarise  lineairement  tombe  sur 
ce  diviseur  sous  la  forme  d'une  polarisation  P. 

Appareil  selon  la  revendication  1,  comprenant 
en  outre  un  projecteur  de  lumiere  d'eclairage 
(12)  servant  a  eclairer  la  zone  dudit  point  (11a) 
qu'il  s'agit  de  mesurer. 

75 

20 
Appareil  selon  la  revendication  3,  caracterise 
en  ce  que  ledit  diviseur  de  faisceau  polarisant 
(8)  est  utilise  pour  combiner  lesdits  axes  opti- 
ques  dudit  projecteur  de  faisceau  laser  et  dudit 
projecteur  de  lumiere  d'eclairage  en  un  seul  et  25 
meme  axe  optique. 
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