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©  Dentin  thickness  monitor. 

®  A  method  and  apparatus  for  measuring  the  thick- 
ness  of  the  dentin  layer  8  of  a  tooth  4  in  a  patient,  at 
a  region  where  the  dentin  8  is  exposed,  during  a 
dental  treatment,  is  characterized  by  the  steps  of: 
establishing  an  electric  voltage  between  the  dentin  8 
at  the  region  where  it  is  exposed  and  a  region  of  the 
patient's  body  spaced  from  the  tooth  4  to  create  an 
electric  current  flow  through  body  tissue  12  between 
those  regions;  monitoring  the  current  flow  to  produce 
an  indication  of  the  electrical  impedance  between 
those  regions;  and  converting  the  electrical  imped- 
ance  indication  into  an  indication  of  the  thickness  of 
the  dentin  layer  8. 
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DENTIN  THICKNESS  MONITOR 

The  present  invention  provides  a  method  for 
measuring  the  thickness  of  the  dentin  layer  of  a 
tooth  in  a  patient,  at  a  region  where  the  dentin  is 
exposed,  during  a  dental  treatment,  characterized 

5  by  establishing  an  electric  voltage  between  the 
dentin  at  the  region  where  it  is  exposed  and  a 
region  of  the  patient's  body  spaced  from  the  tooth 
to  create  an  electric  current  flow  through  body 
tissue  between  those  regions;  monitoring  the  cur- 

70  rent  flow  to  produce  an  indication  of  at  least  elec- 
trical  resistance  values  above  0.5  Mfl  between 
those  regions;  and  converting  the  electrical  resis- 
tance  indication  into  an  indication  of  the  thickness 
of  the  dentin  layer. 

75  Furthermore,  according  to  the  present  inven- 
tion,  the  above  and  other  objects  are  achieved  by  a 
dental  treatment  apparatus  comprising:  dental  drill 
means  for  drilling  a  tooth  in  a  patient  in  order  to 
remove  decayed  material  from  the  tooth  dentin 

20  layer;  means  connected  for  applying  an  electric 
voltage  between  said  drill  means  and  a  region  of 
the  patient's  body  spaced  from  the  tooth  to  create 
an  electric  current  which  flows  through  body  tissue 
when  said  drill  means  are  in  contact  with  the  tooth 

25  dentin;  and  circuit  means  connected  to  said  electric 
voltage  applying  means  for  deriving  an  indication  of 
the  thickness  of  the  tooth  dentin  layer  below  said 
drill  means  as  a  function  of  at  least  electrical  resis- 
tance  values  above  0.5  MB  between  said  drill 

30  means  and  the  region  of  the  patient's  body  spaced 
from  the  tooth. 

The  invention  advantageously  allows  to  mea- 
sure  the  depth  of  the  dentin  with  reliable  results 
contrary  to  prior  measuring  at  the  level  between  10 

35  to  60  KQ.  This  is  achieved  by  checking  essentially 
only  the  value  of  mineralized  tissues,  which  are 
much  more  stable,  because  error  factors  and  fur- 
theron  a  factor,  which  is  not  representing  the  real 
value  of  the  resistance  of  the  hard  tissues,  is  not 

40  considered. 
The  invention  achieves  in  particular  the  follow- 

ing  advantages: 
a)  A  dentist  can  be  provided  with  an  indica- 

tion  of  the  thickness  of  the  dentin  layer  remaining 
45  the  tip  of  the  drill  bit  and  the  underlying  pulp 

tissue. 
b)  A  dentist  can  be  provided  with  a  warning 

when  the  tip  of  the  drill  bit  nears  the  pulp  tissue 
underlying  the  dentin  layer. 

50  c)  A  dentist  can  be  provided  with  a  warning 
when  abnormal  pulp  structures  within  the  dentin 
layer  are  encountered. 

d)  Information  according  to  items  a)  to  c)  can 
be  provided  while  allowing  the  dentist  to  concen- 
trate  on  the  drilling  operation. 

This  invention  relates  to  the  treatment  of  dental 
caries  and  particularly  concerns  the  control  of  the 
drilling  procedure  employed  in  such  treatment. 

In  many  cases,  tooth  decay  extends  into  the 
tooth  dentin  layer,  so  that  a  part  of  that  layer  must 
be  removed.  At  the  same  time,  every  effort  must 
be  made  to  avoid  penetration  by  the  drill  bit  to  the 
underlying  pulp  tissue.  Heretofore,  this  has  depen- 
ded  entirely  on  the  dentist's  skill  and  judgement. 

It  has  already  been  proposed  to  employ  resis- 
tance  measurement  to  monitor  the  penetration  of 
an  endodontic  file  to  the  root  canal  in  connection 
with  endodontic  therapy.  Such  a  technique  is  de- 
scribed,  for  example,  in  US-A-3,753,434.  According 
to  the  technique  disclosed  in  this  reference,  resis- 
tance  measurements  are  made  while  the  file  is 
being  advanced  along  a  root  canal,  where  it  will  be 
in  contact  with  the  dentin  of  the  root  canal  contain- 
ing  pulp  tissue.  In  the  performance  of  the  proce- 
dure  described  in  this  patent,  the  tooth  dentin  is 
concerned  all  along  the  root  but  not  the  dentin  of  a 
cavity  in  the  crown. 

It  has  also  been  proposed  to  monitor  the  thick- 
ness  of  a  tooth  dentin  layer  by  measuring  the 
electric  resistance  between  the  upper  surface  of 
the  dentin  layer  and  a  point  within  the  patient's 
mouth.  This  is  described  in  DE-A-36  15  632.  How- 
ever,  this  publication  indicates  that  dentin  layers  of 
varying  thickness  will  produce  a  resistance  vari- 
ation  in  the  range  of  10  to  60  Kfl,  and  that  10  KQ 
represent  a  dentin  layer  thickness  being  zero.  If 
this  initial  value  is  used  for  dentin  thickness  moni- 
toring,  it  will  then  indicate  the  value  of  the  pulp 
resistance  in  the  root  canal,  which  is  useless  for 
the  clinician,  in  particular  since  mineralized  tissues 
will  always  have  a  resistance  higher  than  500  KQ  in 
the  crown  of  the  tooth.  Furtheron,  measurement 
results  do  not  consider  very  different  values  of  the 
dentin  around  the  pulp  chamber,  in  particular  a 
communication  of  this  dentin  and  the  pulp  tissues 
with  big  tubuls  containing  pulpal  cells,  even  some- 
times  a  decalcified  zone  with  organic  tissues  which 
minimize  the  value  of  resistance  indicating  false 
results  or  very  incomprehensive  results. 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  the  dentist  with  reliable  informa- 
tion  which  will  enable  complete  penetration  to  the 
dentin  layer  to  be  avoided  during  treatment  of  a 
dental  caries. 

This  object  is  advantageously  achieved  by  a 
method  characterized  in  claim  1  and  an  apparatus 
characterized  in  claim  8. 

Preferred  further  embodiments  of  the  method 
and  the  apparatus  are  named  in  subclaims,  respec- 
tively. 
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underlying  pulp  tissue  -  2  MQ 
1  mm  of  dentin  between  the  drill  bit  tip  and  the 
underlying  pulp  tissue  -  1.5  MQ 
0  mm  of  dentin  between  the  drill  bit  tip  and  the 

5  underlying  pulp  tissue  -  0.8  MQ 
penetration  of  the  tip  of  the  drill  bit  into  the  pulp 
tissue  to  a  depth  of  0.5  mm  -  0.5  mQ. 

In  a  practical  system,  it  might  be  preferable  to 
replace  the  hand-held  electrode  with  one  which  is 

w  firmly  but  gently  clamped  onto  the  patient's  lip. 
This  arrangement  would  offer  the  advantage  of 
eliminating  resistance  variations  due  to  changes  in 
the  contact  pressure  exerted  by  the  patient  on  the 
electrode  and  would  be  expected  to  effect  a  small 

75  reduction  in  the  measured  resistance  level.  How- 
ever,  the  change  in  resistance  as  the  tip  of  the  drill 
bit  approaches  the  dentin/pulp  tissue  interface 
would  remain  at  the  same  level. 

One  preferred  embodiment  of  a  circuit  for  im- 
20  plementing  the  present  invention  is  illustrated  in 

Figure  2  and  includes  a  grounded  electrode  24 
which  is  configured  to  engage  the  patient's  lip.  In 
this  circuit  arrangement,  the  handpiece  20,  and 
thus  drill  bit  18,  is  connected  to  a  source  of  posi- 

25  tive  voltage,  +V,  so  that  the  resistance  between 
electrode  24  and  drill  bit  18  can  be  monitored. 

Handpiece  20  is  connected  to  the  voltage 
source  via  a  resistor  26  which  forms  a  voltage 
divider  with  the  resistance  between  drill  bit  18  and 

30  grounded  electrode  24,  this  latter  resistance  being 
the  resistance  which  is  to  be  monitored. 

Handpiece  20  is  additionally  connected  to  the 
positive  inputs  of  a  plurality  of  comparators  28, 
each  comparator  being  essentially  a  high  gain  dif- 

35  ferential  amplifier.  Thus,  the  voltage  applied  to  the 
positive  input  of  each  comparator  28  is  proportional 
to  the  value  of  the  resistance  which  is  to  be  mon- 
itored. 

The  plurality  of  comparators  28  is  divided  into 
40  three  groups,  the  first  group  containing  three  com- 

parators  28,  and  each  of  the  other  two  groups 
containing  four  comparators  28. 

Each  comparator  group  is  associated  with  a 
respective  resistance  voltage  divider  30,  32,  34, 

45  each  divider  being  connected  between  the  source 
of  positive  voltage  and  ground.  As  will  be  explained 
in  greater  detail  below,  each  group  of  comparators 
28,  and  the  associated  voltage  divider  30,  32,  or 
34,  is  constructed  to  monitor  a  selected  resistance 

so  range.  The  voltage  applied  by  the  voltage  dividers 
to  the  negative  input  of  each  comparator  28  cor- 
responds  to  the  voltage  which  will  be  present 
across  the  resistance  being  monitored  when  that 
resistance  has  the  value,  in  megohms,  indicated  on 

55  Figure  2  to  the  left  of  the  voltage  dividers.  Thus, 
the  voltages  applied  to  the  negative  inputs  of  the 
first  group  of  comparators  28  via  taps  of  voltage 
divider  30  correspond  to  resistance  values  between 

The  invention  will  be  further  illustrated  in  con- 
junction  with  the  following  description  of  the  fig- 
ures,  in  which 

Fig.  1  is  a  pictural  view  showing  a  dental 
handpiece  engaged  in  drilling  a  decayed  region  of 
a  tooth;  and 

Fig.  2  is  a  circuit  diagram  of  a  preferred 
embodiment  of  the  system  according  to  the 
present  invention. 

Figure  1  illustrates  a  tooth  4  being  drilled  to 
remove  decayed  material  (caries)  after  which  the 
resulting  cavity  will  be  filled  with  a  suitable  dental 
material.  The  tooth  4  is  composed  of  a  layer  of 
enamel  6  covering  a  layer  of  dentin  8  which,  in 
turn,  surrounds  a  mass  of  pulp  10.  The  tooth  is 
surrounded  by  gum  tissue  12. 

The  decayed  region  14  of  tooth  4  is  removed 
by  means  of  a  dental  drill  bit  18  supported  by  a 
handpiece  20  containing  a  drive  mechanism  for 
rotating  drill  bit  18.  Handpiece  20  carries  an  array 
22  of  indicator  lights,  which  may  be  light  emitting 
diodes  (LEDs)  which  are  located  to  be  directly  in 
the  dentist's  field  of  view.  The  purpose  of  these 
lights  will  be  described  below. 

During  treatment  of  a  dental  caries,  it  is  essen- 
tial  that  all  decayed  material  be  removed  and,  to 
assure  that  this  is  accomplished,  it  is  generally 
necessary  to  remove  a  certain  amount  of  healthy 
material.  However,  if  at  all  possible,  the  removal 
process  should  stop  short  of  the  pulp  material  10 
because  damage  to  the  pulp  material  can  cause 
subsequent  dental  problems. 

In  view  of  the  fact  that  the  dentin  layer  gen- 
erally  has  a  small  thickness  which  varies  from  one 
tooth  to  another,  it  is  very  difficult  for  the  dentist  to 
know  how  close  the  tip  of  drill  bit  18  is  to  the  body 
of  pulp  10. 

The  present  invention  is  based  on  the  recogni- 
tion  that  the  resistivity  of  dentin  is  substantially 
higher  than  that  of  pulp  tissue  and  other  body 
tissues,  so  that  the  electrical  resistance  between 
the  drill  bit  and  a  region  of  the  patient's  body 
spaced  from  the  tooth  being  treated  can  be  used 
as  a  measure  of  the  thickness  of  the  dentin  layer 
remaining  between  the  tip  of  the  drill  bit  and  the 
dentin/puip  interface. 

Specifically,  based  on  tests  performed  on  a 
number  of  teeth,  the  following  resistance  values 
have  been  noted  between  a  drill  bit,  which  is  made 
of  conductive  material,  and  an  electrode  which  is 
being  firmly  gripped  by  the  patient's  hand: 
4  mm  of  dentin  between  the  drill  bit  tip  and  the 
underlying  pulp  tissue  -  5  megohms  (Mfl) 
2  mm  of  dentin  between  the  drill  bit  tip  and  the 
underlying  pulp  tissue  -  2.3  MQ 
1.5  mm  of  dentin  between  the  drill  bit  tip  and  the 
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are  illuminated. 
Since,  with  the  arrangement,  LEDs  of  only  one 

color  are  illuminated  at  a  given  time,  an  unam- 
biguous  indication  of  the  resistance  value  range 

5  presently  being  encountered  is  provided  to  the 
dentist. 

According  to  one  beneficial  feature  of  the  ar- 
rangement  described  thus  far,  the  occurrence  of  an  - 
abnormal  condition  giving  rise  to  a  very  low  resis- 

ro  tance  value,  i.e.,  below  0.5  Mn  is  signaled  to  the 
dentist  in  that  all  four  red  LEDs  40  are  illuminated 
simultaneously.  It  has  been  found  that  such  a  con- 
dition  can  be  created,  for  example,  by  pulp  pockets 
projecting  into  the  dentin  layer. 

75  According  to  a  further  feature  of  the  invention, 
the  dentist  may  be  provided  with  an  audible  signal 
corresponding  to  the  illumination  of  yellow  and  red 
LEDs.  For  this  purpose,  there  is  further  provided  an 
oscillator  46  connected  to  drive  an  audible  signal 

20  device  48,  which  may  be  a  type  of  buzzer.  Oscilla- 
tor  46  is  driven  by  a  voltage  derived  from  the 
illumination  signals  supplied  to  LEDs  38  and  40. 
This  voltage  is  produced  by  connecting  the  input  of 
oscillator  46  to  the  current  path  of  each  of  those 

25  LEDs  by  respective  resistors  50,  52.  While  one 
such  resistor  is  associated  with  each  of  the  yellow 
and  red  LEDs,  only  two  of  the  resistors  are  shown 
for  each  group,  in  order  to  simplify  the  illustration. 
The  input  of  oscillator  46  is  additionally  connected 

30  to  ground  via  a  further  resistor  54. 
As  the  number  of  yellow  LEDs  38  which  are 

illuminated  increases,  the  current,  and  hence  the 
voltage,  at  the  input  of  oscillator  46  increases, 
resulting  in  an  increase  in  the  intensity  of  the  signal 

35  supplied  to  audible  signaling  device  48.  A  similar 
result  occurs  as  successive  red  LEDs  40  are  illumi- 
nated.  Resistors  52  are  selected  to  have  lower 
resistance  values  than  resistors  50  so  that  the 
audible  signal  will  have  a  higher  intensity  when  the 

40  red  LEDs  40  are  being  illuminated  than  when  the 
yellow  LEDs  38  are  being  illuminated. 

The  illustrated  circuit  is  further  provided  with  a 
unit  which  monitors  and  indicates  the  supply  volt- 
age,  +  V.  This  unit  includes  a  resistive  voltage 

45  divider  60  and  a  voltage  divider  62  composed  of  a 
resistor  and  a  zener  diode,  each  voltage  divider 
being  connected  between  the  source  of  positive 
voltage,  +V,  and  ground.  The  center  tap  of  resis- 
tive  voltage  divider  60  is  supplied  to  the  negative 

so  input  of  a  further  comparator  64,  which,  like  the 
other  comparators,  can  be  a  high  gain  differential 
amplifier.  The  positive  input  of  comparator  64  is 
connected  to  the  center  tap  of  voltage  divider  62 
so  that  the  voltage  applied  to  the  positive  input  will 

55  correspond  to  the  breakdown  voltage  of  the  zener 
diode,  and  thus  will  remain  constant  until  the  posi- 
tive  voltage  falls  to  a  very  low  value.  The  voltage 
applied  to  the  negative  input  of  comparator  64 

4.5  and  3.5  MQ,  the  voltages  applied  to  the  nega- 
tive  inputs  of  the  second  group  of  comparators  28 
from  taps  of  voltage  divider  32  correspond  to  resis- 
tance  values  of  3.0  -  1.5  Mn,  and  the  voltages 
applied  to  the  negative  inputs  of  the  third  group  of 
comparators  28  via  taps  of  voltage  divider  34  cor- 
respond  to  resistance  values  of  1.0  to  0.5  Mfl. 

The  output  of  each  comparator  28  is  connected 
to  a  respective  LED,  the  outputs  of  the  first  group 
of  comparators  being  connected  to  green  LEDs  36, 
the  outputs  of  the  second  group  of  comparators 
being  connected  to  yellow  LEDs  38  and  the  out- 
puts  of  the  third  group  of  comparators  being  con- 
nected  to  red  LEDs  40.  Each  comparator  28  is 
constructed  to  produce  an  output  voltage  having  a 
polarity  which  will  illuminate  the  associated  LED 
when  the  magnitude  of  the  voltage  at  the  positive 
input  of  the  comparator  28  becomes  less  than  the 
magnitude  of  the  voltage  at  the  negative  input  of 
that  LED.  Thus,  the  first  green  LED  36  will  illu- 
minate  when  the  resistance  between  drill  bit  18  and 
electrode  24  falls  below  4.5  MQ,  etc. 

The  different  groups  of  LEDs  are  linked  by 
logic  circuitry  which  allows  only  one  group  of  LEDs 
to  be  illuminated  at  any  given  time.  This  logic 
circuitry  includes  a  plurality  of  ANDNOT  gates  42 
each  having  a  direct  input  connected  to  the  output 
of  a  respective  comparator  28  in  each  of  the  first 
and  second  groups  and  an  output  connected  to  the 
corresponding  LED.  In  addition,  each  gate  42  has  a 
negating  input  connected  to  receive  a  gating  signal. 
For  the  second  group  of  comparators,  the  gating 
signal  is  provided  from  the  output  of  the  first  com- 
parator  of  the  third  group,  while  for  the  first  group 
of  comparators,  the  gating  signal  is  provided  from 
the  output  of  the  first  comparator  of  the  second 
group. 

Assuming  that  the  resistance  being  monitored 
decreases  from  a  value  of  5  Mn,  the  initial  de- 
crease  from  5  Mn  to  3  Mn  will  cause  each  red  LED 
40  to  be  illuminated  in  turn.  When  the  resistance 
being  monitored  falls  below  3  Mn,  the  output  signal 
from  the  first  comparator  28  of  the  second  group 
causes  the  first  LED  38  associated  with  the  second 
group  to  be  illuminated  and  applies  a  gate  disable 
signal  to  the  gates  42  associated  with  the  first 
group.  Thus,  the  green  LEDs  are  extinguished.  As 
the  resistance  being  monitored  continues  to  de- 
crease,  successive  ones  of  the  yellow  LEDs  38  are 
illuminated. 

Then,  when  the  resistance  being  monitored 
falls  below  1  M0,  the  output  signal  from  the  first 
comparator  28  of  the  third  group  illuminates  the 
first  red  LED  40  and,  at  the  same  time,  applies  a 
disable  signal  to  each  of  the  gates  42  associated 
with  the  second  group  of  comparators  so  that  the 
yellow  LEDs  are  extinguished.  As  the  resistance 
continues  to  drop  below  1  Mn,  further  red  LEDs  40 
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monitoring  the  current  flow  to  produce  an  indication 
of  at  least  electrical  resistance  values  above  0.5 
MQ  between  those  regions;  and 
converting  the  electrical  resistance  indication  into 

5  an  indication  of  the  thickness  of  the  dentin  layer. 
2.  A  method  according  to  claim  1  wherein  the 

electric  voltage  is  provided  as  a  periodically  fluc- 
tuating  unipolar  voltage. 

3.  A  method  according  to  claim  1  or  2  wherein 
w  the  electric  voltage  is  provided  to  fluctuate  at  a 

frequency  of  at  least  about  400  Hz. 
4.  A  method  according  to  any  preceding  claim 

wherein  the  region  of  the  patient's  body  spaced 
from  the  tooth  is  located  at  least  partially  in  the 

;5  pationt's  mouth. 
5.  A  method  according  to  claim  1  wherein  said 

step  of  monitoring  includes  producing  an  output 
signal  having  an  amplitude  representative  of  the 
electrical  resistance;  and  said  step  of  converting 

20  includes  producing  an  indication  that  the  dentin 
thickness  has  a  first  selected  value  when  the  output 
signal  reaches  a  first  selected  threshold  value. 

6.  A  method  according  to  claim  5  wherein  said 
step  of  converting  further  includes  producing  an 

25  indication  that  the  dentin  thickness  has  a  second 
selected  value  when  the  output  signal  reaches  a 
second  selected  threshold  value. 

7.  A  method  according  to  any  preceding  claim 
in  combination  with  drilling  the  tooth  to  remove 

30  decayed  material  from  the  dentin  layer  by  means 
of  a  dental  drill,  wherein  said  step  of  establishing 
an  electric  voltage  is  carried  out  by  connecting  a 
source  of  the  voltage  between  the  dental  drill  and 
an  electrode  in  conductive  contact  with  the  region 

35  of  the  patient's  body. 
8.  Dental  treatment  apparatus  characterized  by 

dental  drill  means  (18,  20)  for  drilling  a  tooth  (4)  in 
a  patient  in  order  to  remove  decayed  material  from 
the  tooth  dentin  layer  (8); 

40  means  connected  for  applying  an  electric  voltage 
between  said  drill  means  (18,  20)  and  a  region  of 
the  patient's  body  spaced  from  the  tooth  (4)  to 
create  an  electric  current  which  flows  through  body 
tissue  (12)  when  said  drill  means  (18,  20)  are  in 

45  contact  with  the  tooth  dentin  (8);  and  circuit  means 
connected  to  said  electric  voltage  applying  means 
for  deriving  an  indication  of  the  thickness  of  the 
tooth  dentin  layer  (8)  below  said  drill  means  (18, 
20)  as  a  function  of  at  least  electrical  resistance 

so  values  above  0.5  M0.  between  said  drill  means  (18, 
20)  and  the  region  of  the  patient's  body  spaced 
from  the  tooth. 

9.  Apparatus  according  to  claim  8  wherein  said 
means  for  applying  an  electric  voltage  includes  a 

55  circuit  for  causing  the  electric  current  which  flows 
through  the  patient's  body  to  be  pulsating  unidirec- 
tional  current. 

varies  linearly  with  +V  and  the  breakdown  voltage 
of  the  zener  diode  is  selected  to  be  equal  to  the 
voltage  applied  to  the  negative  input  of  comparator 
64  when  the  supply  voltage,  +V,  drops  to  an 
unacceptably  low  value.  The  output  of  comparator 
64  is  connected  to  a  further  green  LED  66  in  a 
manner  to  supply  .an  illuminating  signal  to  LED  66 
as  long  as  the  positive  voltage,  +  V,  has  an  accept- 
able  value.  Thus,  if  LED  should  not  be  lit,  the 
dentist  is  warned  that  the  power  supply,  for  exam- 
ple  a  battery,  must  be  replaced  or  otherwise  ser- 
viced. 

Thus,  the  arrangement  according  to  the 
present  invention  provides  the  dentist  with  an  easi- 
ly  readable  visual  indication  of  the  thickness  of  the 
dentin  layer  remaining  beneath  the  drill  bit  and 
offers  the  possibility  of  supplementing  this  visual 
indication  with  an  audible  warning  signal.  In  addi- 
tion,  the  device  according  to  the  present  invention 
provides  an  immediate  indication  of  the  occurrence 
of  an  abnormal  condition,  represented  by  a  resis- 
tance  value  less  than  0.5  MQ,  requiring  immediate 
corrective  action. 

While  a  direct  voltage,  +V,  will  enable  the 
desired  monitoring  operation  to  be  carried  out,  a 
pulsed  unipolar  voltage  will  serve  to  avoid  any 
electrolytic  problems  which  may  be  caused  at  the 
location  of  electrode  24.  If  a  pulsed  unipolar  volt- 
age  is  employed,  its  frequency  is  not  critical,  but  a 
pulse  repetition  rate  of  the  order  of  400  Hz  has 
been  found  to  produce  satisfactory  results. 

Normally,  a  contact  resistance  of  the  order  of  7 
KB  will  exist  between  electrode  24  and  the  patient's 
body;  a  resistance  of  this  order  of  magnitude  will 
not  have  any  noticeable  effect  on  the  operation  of 
the  circuit. 

As  shown  in  Figure  1,  LEDs  22  are  preferably 
mounted  directly  on  handpiece  20,  where  they  will 
be  directly  in  the  field  of  view  of  the  dentist  during 
the  drilling  procedure. 

This  application  relates  to  subject  matter  dis- 
closed  in  French  Application  No.  88  03089  filed  on 
March  7,  1988,  the  disclosure  of  which  is  incor- 
porated  herein  by  reference. 

Claims 

1  .  A  method  for  measuring  the  thickness  of  the 
dentin  layer  of  a  tooth  in  a  patient,  at  a  region 
where  the  dentin  is  exposed,  during  a  dental  treat- 
ment, 
characterized  by 
establishing  an  electric  voltage  between  the  dentin 
at  the  region  where  it  is  exposed  and  a  region  of 
the  patient's  body  spaced  from  the  tooth  to  create 
an  electric  current  flow  through  body  tissue  be- 
tween  those  regions; 
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10.  Apparatus  according  to  claim  8  or  9 
wherein  the  current  fluctuates  at  a  frequency  of 
greater  than  about  400  Hz. 

1  1  .  Apparatus  according  to  any  one  of  claims  8 
to  10  further  including  visual  indicator  means  (22)  5 
mounted  on  said  dental  drill  means  (18,  20)  and 
connected  to  said  circuit  means  for  providing  a 
visual  indication  when  the  thickness  of  the  dentin 
layer  (8)  becomes  less  than  a  predetermined  value. 

12.  Apparatus  according  to  claim  11  wherein  10 
said  visual  indicator  means  include  a  plurality  of 
indicator  lights  (22)  each  connected  to  be  illumi- 
nated  when  the  thickness  of  the  dentin  layer  (8) 
becomes  less  than  a  respective  one  of  a  plurality 
of  predetermined  values.  75 

13.  Apparatus  according  to  one  of  claims  8  to 
12  further  including  audible  indicator  means  (48) 
connected  to  said  circuit  means  for  providing  an 
audible  indication  when  the  thickness  of  the  dentin 
layer  (8)  becomes  less  than  a  predetermined  value.  20 

14.  Apparatus  according  to  claim  12  wherein 
said  lights  (22)  are  mounted  on  said  drill  means 
(18.  20)  to  be  substantially  in  the  center  of  the  field 
of  view  of  a  person  operating  said  drill  means. 
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