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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  invention  relates  generally  to  methods  for  determining  the  presence  of  active  periodontal  disease  in 
mammals  and  specifically  to  those  methods  for  determining  the  presence  of  periodontal  disease  which 
involve  assaying  crevicular  fluid  for  the  presence  of  elevated  levels  of  aspartate  aminotransferase.  More 
specifically,  the  invention  relates  to  improvements  in  such  methods  which  provide  for  determination  of  the 
type  and  severity  of  periodontal  disease. 

io  Periodontal  diseases  are  inflammatory  diseases  of  microbial  etiology  affecting  the  supporting  tissues  of 
the  teeth.  The  term  "periodontal  disease"  encompasses  two  major  and  distinct  subclasses  of  disease, 
gingivitis  and  periodontitis.  Gingivitis  is  characterized  by  inflammation  of  the  gums  without  bone  loss  or  loss 
of  connective  tissue  attachment.  Gingivitis  is  a  precondition  for,  but  does  not  necessarily  lead  to, 
periodontitis  which  is  characterized  by  progressive  formation  of  periodontal  pockets  between  the  gum  tissue 

75  and  tooth,  resulting  from  loss  of  connective  tissue  attachment  and  bone  loss,  eventually  leading  to  tooth 
loss.  Presently  available  methods  of  measuring  periodontal  disease  include  subjective  observational  indices 
such  as  those  of  Loe,  H.  and  P.  Silness,  Acta  Odont.  Scand.  21:533  (1963)  for  gingivitis  and  Ramfjord,  S.,  J. 
Periodontal.  30:602  (1967)  for  periodontitis.  These  indices  for  periodontitis  are  based  on  criteria  such  as 
bleeding  on  gentle  probing,  pocket  depth,  attachment  loss,  and  radiographic  evidence  of  bone  loss. 

20  Unfortunately,  these  clinical  indicators,  with  the  exception  of  bleeding  on  probing,  are  generally  acknowl- 
edged  to  be  reflective  of  past  disease  and  prior  damage.  Of  these  indicators,  only  bleeding  on  probing 
(bleeding  of  gum  tissue  due  to  probing  of  the  gum  line  or  pocket  with  a  hard  instrument,  e.g.  probe  or 
curet)  has  been  claimed  to  correlate  with  active  periodontal  disease.  Nevertheless,  bleeding  itself  is  a 
subjective  indicator  of  disease  and  the  diagnostic  value  of  bleeding  on  probing  has  been  questioned  as 

25  such  bleeding  appears  to  be  associated  with  a  high  proportion  of  false  positive  indications  of  periodontal 
disease.  See  Haffajee,  A.D.,  S.  S.  Socransky,  and  J.  M.  Goodson,  J.  Clin.  Perio.  10:257-265  (1983). 

Other  methods  have  been  proposed  for  the  diagnosis  of  periodontal  disease.  Because  both  gingivitis 
and  periodontitis  are  characterized  by  accumulation  and  flow  of  crevicular  fluid  (a  transudate  of  serum)  at 
the  gingival  sulcus  and  pockets,  measurement  of  the  volume  of  crevicular  fluid  present  at  a  site  has  been 

30  proposed  as  a  diagnostic  for  periodontal  disease.  An  instrument  known  as  the  Periotron  (Harco  Electronics 
Ltd.;  Winnipeg,  Canada)  makes  use  of  this  principle  by  galvanometrically  measuring  the  volume  of 
crevicular  fluid  absorbed  by  small  strips  of  porous  material  known  as  Periopaper  (Harco;  Tustin,  California) 
which  are  inserted  into  the  crevicular  space  between  the  tooth  and  gum. 

Still  other  methods  relate  to  analysis  of  components  of  crevicular  fluid  for  the  diagnosis  of  periodontal 
35  disease.  Kornman,  J.  Period.  Res.,  22,  (1987)  discloses  methods  correlating  the  presence  of  collagenase  in 

crevicular  fluid  with  the  severity  of  periodontal  disease.  A  device  (Periocheck,  Advanced  Clinical  Technol- 
ogies,  Inc.,  Westwood,  Mass.)  is  available  which  assays  for  neutral  proteases  to  determine  the  presence  of 
periodontal  disease.  The  source  of  both  collagenase  and  neutral  proteases  has  been  suggested  to  be 
polymorphonuclear  leucocytes  (PMN)  migrating  into  the  crevice.  Other  components  of  crevicular  fluid  such 

40  as  chondritin-4-sulfate,  the  presence  of  which  is  considered  indicative  of  bone  destruction,  have  been  found 
to  differ  in  crevicular  fluid  associated  with  gingivitis  and  crevicular  fluid  associated  with  periodontitis. 
Prostaglandin  E2,  a  mediator  of  inflammation,  has  also  been  indicated  to  be  associated  more  closely  with 
periodontitis  than  with  gingivitis. 

Of  particular  interest  to  the  present  invention  is  the  disclosure  that  the  presence  of  elevated  levels  of 
45  the  enzyme  aspartate  aminotransferase  (AST)  in  crevicular  fluid  is  highly  correlative  of  the  presence  of 

active  periodontal  disease.  The  correlation  was  first  related  in  two  abstracts  presented  at  the  American 
Association  for  Dental  Research  Meetings,  Cincinnati,  Ohio,  March  17-20,  1983  (Crawford,  J.M.,  S. 
Mukherjee,  D.A.  Chambers,  and  R.  Cohen,  Abstract  No.  241,  and  Mukherjee,  S.,  J.  Crawford,  D.A. 
Chambers,  and  R  Cohen,  Abstract  No.  242  both  published  on  or  after  February  1,  1983)  and  in  an  article, 

50  Chambers,  D.A.,  J.M.  Crawford,  S.  Mukherjee  and  R.  Cohen,  J.  Periodon.,  55,  No.  9,  526-530  (Sept.  1984). 
The  Crawford  et  al.,  abstract  discloses  a  study  with  dogs  in  which  gingivitis  and  periodontitis  were  induced 
experimentally.  Specifically,  gingival  health  was  established  in  five  beagles  and  gingivitis  was  then  allowed 
to  develop  for  four  weeks  by  introduction  of  a  soft  diet  and  withdrawal  of  brushing.  Periodontitis  was  then 
induced  by  ligation  of  the  dogs'  teeth.  Crevicular  fluid  samples  were  collected  at  weekly  intervals  in 

55  volumetric  capillary  tubes  after  isolation  and  drying  of  teeth.  The  abstract  indicates  that  crevicular  fluid 
obtained  during  the  incidence  of  experimental  periodontitis  contained  concentrations  of  AST  (3209  ±  1435 
SFU/ml)  approximately  ten-fold  higher  at  their  peak  than  prior  to  ligation  (468  ±  164  SFU/ml)  and  further  that 
crevicular  fluid  during  the  incidence  of  experimental  gingivitis  contained  approximately  ten-fold  higher 
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concentrations  of  AST  than  in  serum  (41  ±  4  SFU/ml). 
The  Chambers  et  al.,  J.  Periodontal,  article  describes  the  dog  study  in  greater  detail  and  notes  that  the 

average  AST  levels  in  crevicular  fluid  correlated  neither  with  clinical  estimations  of  attachment  levels  nor 
with  gingival  inflammation.  The  article  did  note,  however,  that  the  AST  peak  occurring  2  weeks  after  ligation 

5  of  teeth  did  coincide  with  the  period  of  high  levels  of  soft  tissue  destruction  and  osteoclast  activity  reported 
in  the  beagle  dog  model  and  with  the  period  of  active  bone  resorption  in  ligature-induced  periodontitis  in  the 
monkey  model.  The  article  also  disclosed  that  the  level  of  AST  in  crevicular  fluid  did  not  correlate  with 
enzyme  levels  in  dental  plaque,  suggesting  the  absence  of  bacterial  origin  for  the  enzyme. 

The  Mukherjee  Abstract  describes  measurement  of  AST  levels  in  human  crevicular  fluid  collected  in 
io  volumetric  capillary  tubes  from  areas  diagnosed  as  having  gingivitis  or  periodontitis  according  to  the 

periodontal  disease  index  (PDI)  of  Ramfjord.  Disease  activity  indicated  by  the  presence  or  absence  of 
bleeding  upon  probing  was  also  noted.  AST  concentrations  of  crevicular  fluid  collected  from  areas  showing 
no  bleeding  on  probing  =  0  SFU/ml  (N  =  4),  minimal  bleeding  =  464  ±113  SFU/ml  (N  =  4)  and  definite 
bleeding  595  ±  192  SFU/ml  (N  =  6).  The  analysis  of  data  sorted  according  to  gingivitis  and  periodontitis 

w  showed  363  ±  182  SFU/ml  (N  =  4)  and  424  +  119  SFU/ml  (N  =  3)  respectively.  The  Abstract  notes  that  the 
level  of  AST  in  crevicular  fluid  may  correlate  with  the  disease  activity  as  determined  by  bleeding  on 
probing. 

While  the  references  fail  to  demonstrate  a  specific  positive  association  between  elevated  AST  activity  in 
gingival  crevicular  fluid  and  either  attachment  loss  or  gingival  inflammation,  they  do  indicate  that  there 

20  exists  a  general  association  between  elevated  AST  levels  in  gingival  crevicular  fluid  and  periodontal  disease 
activity  as  determined  by  bleeding  on  probing.  Chambers,  European  Patent  Application  No.  151,536 
published  August  14,  1985  based  on  U.S.  Patent  Application  Serial  No.  575,552  filed  January  31,  1984, 
relates  to  the  work  embodied  in  the  article  and  abstracts  and  the  recognition  of  the  general  relationship 
between  elevated  AST  levels  and  periodontal  disease  activity.  The  application  claims  diagnostic  methods 

25  based  on  the  recognition  that  the  presence  of  elevated  levels  of  AST  in  crevicular  fluid  is  predictive  of  a 
high  probability  of  progressive,  as  opposed  to  non-progressive,  periodontal  disease  and  corresponding 
tissue  damage. 

According  to  the  method  of  the  Chambers  patent  application,  crevicular  fluid  is  collected  from  the 
gingival  sulcus  by  means  such  as  a  microsyringe,  capillary  tube  or  absorbant  strip.  The  volume  of  material 

30  is  measured  and  the  concentration  of  AST  in  the  collected  sample  of  crevicular  fluid  is  determined  by  either 
colorimetric  or  immunological  assay.  The  patent  application  claims  a  method  for  determining  the  presence 
of  active  periodontal  disease  in  mammals  comprising  assaying  crevicular  fluid  for  the  presence  of  elevated 
levels  of  aspartate  aminotransferase.  The  application  defines  elevated  levels  as  being  an  amount  of  AST 
substantially  in  excess  of  the  level  of  AST  normally  found  in  the  blood  stream  of  healthy  adults  of  the 

35  species  being  tested  which  ranges  from  about  4  to  about  32  milli-lnternational  Units/ml  (mlU/ml)  depending 
upon  the  precise  testing  protocol  used. 

Since  the  original  reports  of  work  by  the  Chambers,  et  al.  group  on  AST,  the  relationship  between  other 
tissue  and  bacterial  enzymes  and  periodontal  diseases  has  been  studied.  Lamster,  et  al.,  J.  Periodontal.,  56, 
139-147  (1985),  disclose  studies  assessing  crevicular  fluid  volume  and  activity  of  the  enzymes  lactate 

40  dehydrogenase  (LDH),  ^-glucuronidase  (BG)  and  arylsulfatase  (AS)  in  crevicular  fluid  during  the  develop- 
ment  of  experimental  gingivitis. 

LDH  is  said  to  be  derived  primarily  from  cells  in  the  sulcular  epithelium,  but  that  fibroblasts  and 
polymorphonuclear  leucocytes  (PMN)  that  lyse  in  the  crevice  also  contribute  to  the  LDH  pool.  BG  is  said  to 
be  primarily  derived  from  degradation  of  lysosomal  granules  of  PMN  with  macrophates  contributing  to  the 

45  BG  pool.  The  pattern  of  AS  activity  was  characterized  as  being  between  that  of  LDH  and  BG  with  sources 
of  this  enzyme  including  PMN,  mast  cells  and  fibroblasts. 

Crevicular  fluid  "resting"  volumes  were  determined  by  inserting  a  filter  paper  strip  into  the  gingival 
sulcus  until  mild  resistance  was  felt  and  leaving  the  strip  in  place  for  30  seconds  before  determining  the 
volume  of  fluid  absorbed.  After  removal  of  the  strip,  the  crevicular  fluid  "flow"  volume  was  determined  by 

50  waiting  30  seconds  and  inserting  a  second  filter  paper  strip  into  the  site  for  3  seconds.  Analysis  of  data 
collected  from  subjects  subjected  to  experimental  gingivitis  indicated  that  while  clinical  inflammation 
increased  during  the  4  weeks  of  the  study,  the  concentrations  and  total  activity  (concentration  times  sample 
volume)  of  BG  and  AS  rose  during  the  onset  of  gingivitis  but  peaked  or  leveled  off  after  reaching  a 
maximum  2  or  3  weeks  into  the  study.  The  data  indicated  that  an  increase  in  fluid  volume  without  a 

55  corresponding  increase  in  BG  or  AS  activity  occurred  during  the  latter  part  of  the  trial.  The  increase  in  LDH 
concentration  and  total  activity  during  the  experiment  was  not  dramatic  and  was  consistent  with  an  earlier 
experiment  wherein  the  concentration  of  LDH  in  crevicular  fluid  was  higher  in  subjects  with  healthy  gingiva 
than  with  mildly  inflamed  gingiva.  Lamster,  et  al.  also  suggested  that  reporting  of  crevicular  fluid  constituent 
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data  in  terms  of  concentration  alone  might  be  inadequate  and  that  it  might  be  desirable  to  report  enzyme 
data  in  terms  of  both  concentration  and  total  activity  of  the  sample. 

Lamster,  et  al.,  J.  Clin.  Periodontal.,  13,  799-804  (1986)  present  data  wherein  LDH,  BG  and  AS 
concentrations  and  total  activities  for  30  second  samples  were  assayed  for  a  group  of  periodontitis  patients 

5  and  a  control  group.  Negative  or  low  positive  correlation  coefficients  were  determined  between  enzyme 
concentrations  and  gingival  index  (Gl)  and  probing  depth.  On  the  other  hand,  "a  modest,  but  not  absolute" 
correlation  between  increasing  severity  of  pathology  and  total  enzyme  activity  for  a  30  second  sample  was 
suggested  by  the  data.  Lamster,  et  al.  suggested  therefore  that  total  activity  in  a  standardized  sample  might 
be  a  more  appropriate  means  of  reporting  crevicular  fluid  constituent  data. 

io  In  spite  of  the  various  advances  made  in  the  art,  the  art  still  fails  to  provide  a  simple,  reliable  means  for 
an  enzymatic  determination  of  the  type  and  severity  of  periodontal  disease.  Such  a  method  might  be  used 
for  diagnosis  of  such  disease  or  for  determination  of  the  efficacy  of  treatment  of  that  periodontal  disease 
condition.  There  currently  exists  no  completely  suitable  means  for  determining  the  efficacy  of  treatment  for 
periodontal  disease.  Such  monitoring  is  a  nontrivial  concern  because  of  the  serious  nature  of  continuing  or 

is  repeating  treatments  for  periodontitis  involving  administration  of  drugs,  root  planing  or  surgery.  Current 
methods  comprise  monitoring  of  the  clinical  parameters  of  gingival  bleeding,  probing  depths  and  radiog- 
raphic  interpretations  of  the  bone.  Because  monitoring  of  probing  depths  and  bone  levels  provides  only  a 
belated  evaluation  of  treatment  efficacy,  an  improved  approach  is  clearly  desired. 

20  SUMMARY  OF  THE  INVENTION 

The  present  invention  presents  a  method  for  determining  the  severity  and  type  of  periodontal  disease 
states  through  assaying  gingival  crevicular  fluid  for  the  presence  of  elevated  levels  of  AST.  Specifically,  the 
invention  is  based  on  the  discovery  that  there  exists  a  correlation  between  periodontal  disease  type  and 

25  severity  and  the  total  activity  of  AST  present  in  a  sample  of  crevicular  fluid  taken  for  a  selected  brief  period 
of  time.  It  has  been  found  that  the  total  activity  of  AST  present  in  a  crevicular  fluid  sample  taken  for  a 
selected  brief  period  of  time  provides  a  better  correlation  with  periodontal  disease  activity  than  does 
assaying  for  the  AST  concentration  of  crevicular  fluid.  It  has  been  found  that  not  only  is  the  total  activity  of 
AST  in  crevicular  fluid  samples  taken  according  to  this  method  indicative  of  the  severity  of  the  disease 

30  state,  but  that  it  may  be  used  contrary  to  the  teachings  of  the  art  to  distinguish  between  the  disease  states 
of  gingivitis  and  periodontitis  and  thus  identify  the  type  of  periodontal  disease  present. 

Specifically,  the  invention  provides  a  method  for  determining  the  severity  and  type  of  periodontal 
disease,  the  method  including  the  steps  of  (1)  sampling  crevicular  fluid  for  a  selected  brief  period  of  time, 
(2)  assaying  the  crevicular  fluid  sample  so  collected  for  the  total  quantity  of  AST  present,  and  (3)  correlating 

35  the  total  quantity  of  AST  present  in  the  crevicular  fluid  sample  with  a  standard  for  the  selected  sampling 
period  which  is  indicative  of  the  presence  and  severity  of  periodontal  disease.  The  invention  also  provides  a 
method  for  determining  the  efficacy  of  treatment  of  periodontal  disease  conditions. 

The  method  of  the  invention  involves  sampling  of  crevicular  fluid  according  to  a  specific  methodology 
whereby  crevicular  fluid  at  a  given  site  is  sampled  over  a  selected  brief  period  preferably  of  from  about  one 

40  second  to  about  3  minutes  and  most  preferably  from  about  5  to  30  seconds.  The  crevicular  fluid  samples 
so  obtained  will  be  of  varying  volumes  depending  upon  the  condition  of  the  specific  sample  site.  The 
crevicular  fluid  so  sampled,  of  whatever  volume,  is  then  assayed  to  determine,  not  the  concentration,  but 
the  total  activity  of  AST  present.  The  activity  of  AST  in  the  sample  so  assayed  is  then  correlated  with  a 
standard  established  for  the  specific  period  of  sampling  time  which  standard  is  indicative  of  the  severity  and 

45  type  (i.e.,  gingivitis  or  periodontitis)  of  periodontal  disease.  The  improved  methods  of  the  invention  are  not 
only  useful  for  the  diagnosis  of  periodontal  disease  but  are  also  useful  for  determining  the  efficacy  of 
treatment  of  periodontal  disease  conditions  by  determining  the  severity  of  the  periodontal  disease  condition 
at  a  gingival  site  subjected  to  such  treatment. 

50  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1a  illustrates  the  relationship  between  total  AST  enzyme  levels  in  timed  samples  and  periodontal 
disease  severity  and  type. 

FIG.  1b  illustrates  the  relationship  between  AST  enzyme  concentration  and  periodontal  disease  severity 
55  and  type. 

FIG.  2  illustrates  a  statistical  relationship  between  elevated  AST  enzyme  levels  and  attachment  loss. 
FIG.  3  illustrates  the  relationship  between  total  AST  enzyme  levels  in  timed  samples  and  periodontal 

disease  severity  and  type. 
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DETAILED  DESCRIPTION 

According  to  practice  of  the  invention,  crevicular  fluid  is  sampled  from  the  intracrevicular  space 
between  the  teeth  and  gum  tissue  for  a  selected  brief  period  of  time.  The  entire  volume  of  fluid  sampled 

5  during  that  time  is  then  assayed  to  determine  the  total  activity  of  AST  present  according  to  methods  well 
known  to  the  art.  The  quantity  of  AST  determined  is  then  correlated  with  a  standard  for  the  selected 
sampling  period  which  is  indicative  of  the  severity  and  type  of  periodontal  disease. 

Crevicular  fluid  may  be  collected  from  the  gingival  sulcus  by  a  variety  of  means  according  to  the 
present  invention  including  a  microsyringe  with  a  fine  (preferably  blunt)  needle  or  a  capillary  tube  which 

io  need  not  be  calibrated.  Samples  may  also  be  obtained  by  means  of  pledgets,  cotton  swabs  or  filamentous 
material  such  as  dental  floss.  Preferably,  such  fluid  is  sampled  by  means  of  absorbant  strips  of  paper  such 
as  those  known  as  Periopaper  (Harco;  Tustin,  California).  The  sample  is  collected  by  direct  contact  of  the 
sampling  means  with  crevicular  fluid  at  the  gingival  sulcus.  The  sample  means  should  be  of  sufficient 
capacity  to  accommodate  the  volume  of  crevicular  fluid  collected  for  the  selected  sampling  period.  It  is 

is  generally  desirable  that  this  volume  should  be  less  than  or  equal  to  about  1  M.I  but  the  sample  volume  could 
be  substantially  higher  (i.e.,  from  1-10  M.I)  when  the  flow  rate  is  greatly  elevated.  It  is  not  generally 
necessary  for  sample  volumes  to  exceed  1  u\,  however,  as  AST  levels  of  samples  exceeding  such  volumes 
typically  contain  sufficient  AST  as  to  be  indicative  of  severe  periodontitis  for  selected  sampling  periods.  The 
fluid  sampled  can  be  less  than  the  total  capacity  of  the  sample  means.  The  absence  of  enzyme  or  of  fluid 

20  at  a  crevicular  site  is  generally  indicative  of  health  and  may  be  interpreted  as  such.  It  is  not  necessary  that 
the  absorbant  means  measure  the  volume  of  the  fluid  absorbed  but  it  is  generally  desired  that  the  means 
absorb  all  of  the  fluid  in  the  crevicular  space,  for  a  given  time  period. 

The  method  of  the  invention  involves  sampling  of  crevicular  fluid  according  to  a  specific  methodology 
whereby  crevicular  fluid  at  a  given  site  is  sampled  over  a  selected  brief  period  preferably  of  from  about  5 

25  seconds  to  about  3  minutes  and  most  preferably  from  about  5  to  30  seconds.  The  oral  fluid  sample, 
obtained  by  whatever  means,  is  then  assayed  to  determine  the  quantity  of  AST  present.  Chemical  or 
immunological  methods  such  as  are  well  known  in  the  art  may  be  used  to  conduct  such  analysis.  Such 
methods  are  disclosed  in  detail  in  Chambers,  European  Patent  Application  No.  151,536  and  its  correspond- 
ing  U.S.  application,  and  utilize  the  AST  catalyzed  reaction  of  substrates  to  produce  a  detectable  reaction 

30  product.  The  Chambers,  European  Patent  Application  also  discloses  immunological  assays  for  the  deter- 
mination  of  AST  concentrations.  A  particularly  preferred  enzymatic  method  is  that  disclosed  in  Patent 
Cooperation  Treaty  Application  No.  PCT/US87/00541  based  on  U.S.  Patent  Application  Serial  No.  840,890 
filed  March  18,  1986.  Methods  according  to  PCT/US87/00541  are  directed  to  the  determination  of  the 
presence  of  sub-  and  suprathreshold  concentrations  of  AST  and  may  be  particularly  useful  according  to  the 

35  present  invention  for  evaluating  test  samples  and  distinguishing  between  those  samples  indicative  of 
periodontitis  samples  indicative  of  gingivitis  and  samples  indicative  of  absence  of  active  disease,  i.e., 
absence  of  periodontitis  and  absence  of  gingivitis. 

EXAMPLE  1 
40 

In  this  example  a  study  of  experimental  gingivitis  and  periodontitis  in  beagle  dogs  was  conducted 
according  to  the  methods  described  in  the  Crawford,  et  al.  and  Mukherjee,  et  al.  Abstracts,  the  Chambers, 
et  al.  J.  Periodontol.  (1984)  publication  and  Chambers,  European  Patent  Application  No.  151,536  recited 
above. 

45  Six  beagle  dogs  were  fed  on  a  hard  diet  and  given  daily  oral  hygiene  for  one  month  in  order  to 
establish  a  state  of  gingival  health.  Before  and  after  the  month  of  oral  hygiene  and  hard  diet,  AST  activity 
was  measured  in  gingival  crevicular  fluid  (GCF)  specimens  collected  from  buccal  sites  around  the  12 
premolar  teeth  of  each  dog.  Clinical  measurements  of  periodontal  status  were  also  made.  After  one  month 
of  oral  hygiene,  the  dogs  were  put  on  a  soft  diet  and  daily  oral  hygiene  ceased,  in  order  to  induce  gingivitis. 

50  After  6  weeks  of  soft  diet  and  no  daily  oral  hygiene,  ligatures  were  placed  on  6  premolar  teeth  of  each  dog; 
the  other  6  premolar  teeth  of  each  dog  served  as  matched  controls.  Therefore  in  each  individual  dog,  there 
were  6  ligated  teeth  which  were  induced  to  develop  attachment  loss  and  also  6  control  teeth  which  did  not 
develop  attachment  loss. 

In  this  study,  GCF  specimens  were  collected  by  means  of  Periopaper  strips  (Harco,  Tustin,  CA)  which 
55  were  inserted  into  the  crevicular  space  between  the  gum  and  tooth.  The  Periopaper  strip  was  held  in  place 

for  the  period  of  time  required  to  collect  samples  ranging  in  volume  from  0.2  u\  to  1.0  ul.  In  this  study,  the 
collection  period  ranged  from  1  second  to  10  minutes.  The  fluid  volume  of  each  GCF  specimen  was  then 
measured  by  means  of  a  Periotron  digital  fluid  meter  (Harco  Electronic  Devices,  Inc.,  Irvine,  CA).  The 
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crevicular  fluid  flow  rate  for  each  site  was  then  calculated  from  the  volume  and  the  time  period  of  specimen 
collection.  AST  activity  was  measured  by  means  of  a  standard  spectrophotometric  method  for  quantitative 
kinetic  determination  of  AST  activity.  In  order  to  compare  AST  activity  of  samples  of  various  different 
volumes  and  collected  for  various  different  collection  periods,  the  AST  activity  for  each  GCF  specimen  was 

5  then  calculated  by  two  different  methods:  (1)  as  the  concentration  of  AST  activity  per  unit  volume,  based  on 
the  AST  activity  in  the  GCF  specimen  and  the  specimen  volume;  and  (2)  as  the  total  AST  activity  per  30 
seconds,  based  on  the  AST  activity  in  the  GCF  specimen  and  the  flow  rate.  It  was  found  that  a  closer 
correlation  could  be  demonstrated  between  disease  activity  and  AST  activity  calculated  as  total  AST  activity 
in  30  seconds,  than  between  disease  activity  and  AST  activity  calculated  as  concentration  of  AST  activity 

io  per  volume. 
The  study  of  ligature-induced  periodontitis  demonstrated  a  positive  association  between  loss  of 

attachment  and  elevated  AST  activity  at  ligated  sites.  Attachment  loss  of  2  or  more  mm  (ALOSS)  occurred 
at  68/92  (73.9%)  of  the  ligated  sites.  The  ALOSS  interval  (during  which  significant  changes  in  attachment 
level  occurred)  was  determined  for  each  of  these  sites.  The  number  of  ALOSS  sites,  which  had  one  or  more 

is  elevated  AST  measurements  coinciding  with  the  ALOSS  interval  for  that  site,  were  then  tabulated  (Table  1). 
The  number  of  nonligated  control  sites  (matched  with  each  ligated  ALOSS  site)  which  had  elevated  AST 
measurements  were  also  tabulated  for  comparison.  Each  row  of  the  table  lists  the  cumulative  number  of 
sites  associated  with  AST  measurements  above  each  of  the  cutoff  levels  indicated.  The  cutoff  level  defines 
elevated  AST,  and  determines  how  sensitive  AST  levels  are  in  distinguishing  between  ALOSS  and  control 

20  sites.  AST  levels  were  determined  by  two  different  methods  -  as  concentration  of  AST  activity  per  unit 
volume  of  crevicular  fluid  and  as  total  AST  activity  per  30  seconds  (see  above).  Table  1  indicates  that  when 
AST  activity  was  determined  as  concentration,  there  was  little  distinction  between  ALOSS  sites  and 
matched  controls  at  all  of  the  cutoff  levels.  The  cumulative  number  of  ALOSS  sites  with  AST  concentrations 
above  the  cutoff  did  not  differ  much  from  the  cumulative  number  of  control  sites  at  each  cutoff  level:  there 

25  were  only  5  ALOSS  sites  with  AST  concentrations  above  3000  mIU/mI,  compared  to  2  control  sites  with  AST 
concentrations  above  3000  m.IU/m.1;  there  were  only  a  total  of  10  ALOSS  sites  with  AST  concentrations  above 
2000  mIU/mI,  compared  to  8  control  sites.  When  AST  activity  was  calculated  as  total  activity  obtainable  in  30 
seconds,  there  was  a  clear  distinction  between  ALOSS  sites  and  controls  at  all  cutoff  levels.  Furthermore,  in 
nearly  all  of  the  ALOSS  sites,  the  peak  levels  of  AST  activity  (total  AST/30  Sec.)  were  temporally  associated 

30  with  loss  of  attachment  level. 
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TABLE  1 

S t u d y   of  L i g a t u r e - I n d u c e d   P e r i o d o n t i t i s  

5  Number  of  S i t e s   w i t h   E l e v a t e d  
AST  D u r i n g   A t t a c h m e n t   Los s   (ALOSS)  

T o t a l   AST 
AST  C o n c e n t r a t i o n   A c t i v i t y / 3 0   S e c .  

70 
AST*  AST* 

C u t o f f   C u t o f f  
( p I U / u l )   ALOSS  C o n t r o l   (UIU)  ALOSS  C o n t r o l  

15  3000  5  2  3000  39  0 

2000  10  8  2000  49  0 

! 5 0 0   16  12  1500  55  0 
20 

1200  18  18  1200  59  0 

800  31  34  800  65  0 

25  500  44  55  500  65  3 

30 

35 

40 

T o t a l   68  68  68  68  

Each   " c u t o f f "   l e v e l   d e f i n e s   e l e v a t e d   AST,  i . e . ,   t h e r e  
w e r e   5  ALOSS  s i t e s   w i t h   AST  c o n c e n t r a t i o n s   g r e a t e r  t h a n   3000  y l U / y l ,   and  2  c o n t r o l   s i t e s   w i t h   AST 
c o n c e n t r a t i o n s   g r e a t e r   t h a n   3000  u I U / u l .   At  2 0 0 0  
c u t o f f ,   t h e r e   we re   a  t o t a l   of  10  s i t e s   w i t h   AST 
c o n c e n t r a t i o n s   g r e a t e r   t h a n   2000  w I U / y l   and  8  c o n t r o l  
s i t e s   w i t h   AST  c o n c e n t r a t i o n s   g r e a t e r   t h a n  
2000  u I U / u l .  

In  addition  to  providing  evidence  to  associate  elevated  AST  activity  and  attachment  loss,  the  study  also 
demonstrated  a  positive  association  between  gingival  inflammation  and  elevated  AST  activity  in  gingival 
crevicular  fluid  of  ligated  sites.  Although  significant  attachment  loss  did  not  occur  at  24  of  the  92  ligated 

45  sites,  the  incidence  of  marked  gingival  inflammation  at  all  of  these  sites  was  indicative  of  periodontal 
disease  activity.  In  addition,  in  most  of  the  68  ligated  sites  which  did  exhibit  significant  attachment  loss, 
there  was  a  high  incidence  of  gingival  inflammation  after  attachment  loss  as  well  as  during  attachment  loss. 
Although  the  period  of  attachment  loss  for  59  of  the  68  attachment  loss  sites  was  during  the  first  1  1/2 
weeks  after  placement  of  the  ligatures,  the  incidence  of  gingival  inflammation  during  the  last  2  weeks  of 

50  ligation  was  indicative  of  further  disease  activity  beyond  the  attachment  loss  interval.  (Attachment  loss 
during  the  last  2  weeks  of  ligation  occurred  at  only  9  of  the  68  attachment  loss  sites).  At  66%  of  the  ligated 
sites,  there  was  obvious  inflammation  (indicated  by  Gingival  Index  k  2)  that  was  not  coincident  with 
attachment  loss;  only  8%  of  the  nonligated  control  sites  exhibited  this  level  of  inflammation  during  the  same 
period.  Therefore,  the  finding  that  inflammation  was  much  more  frequent  at  ligated  sites  suggested  that  the 

55  inflammation  was  associated  with  destructive  disease  processes.  Table  2  shows  how  often  this  inflammation 
was  associated  with  elevated  levels  of  AST  activity.  When  the  AST  activity  was  calculated  as  total  activity 
per  30  second  sample,  most  of  the  inflamed  sites  also  had  elevated  levels.  When  the  AST  activity  was 
calculated  as  concentration  per  unit  volume,  however,  this  association  was  less  apparent,  since  few  ligated 

7 



EP  0  404  887  B1 

sites  had  AST  levels  that  were  higher  than  nonligated  control  sites.  These  results  demonstrated  a  positive 
association  between  elevated  AST  activity  expressed  as  total  activity  per  30  seconds  and  gingival 
inflammation  associated  with  disease  activity. 

TABLE  2 

Dog  S t u d y   of  L i g a t u r e - I n d u c e d   P e r i o d o n t i t i s  

w  Number  of  S i t e s   w i t h   E l e v a t e d  
AST  C o i n c i d e n t   w i t h   I n f l a m m a t i o n   ( G i n g i v a l   I n d e x   >  2 )  

T o t a l   AST 
AST  C o n c e n t r a t i o n   A c t i v i t y / 3 0   S e c .  

15 AST  AST 
C u t o f f   C u t o f f  

( y l U / y l )   ALOSS  C o n t r o l   (uIU)  ALOSS  C o n t r o l  

20  3000  3  0  3000  31  0 

2000  8  1  2000  36  0 

1500  13  5  1500  41  1 
25 

1200  22  10  1200  45  2 

800  34  35  800  46  2 

so  500  42  48  500  46  2 

T o t a l   49  49  49  49  
35 

When  AST  levels  are  measured  in  terms  of  total  activity  in  a  30  second  sample  as  opposed  to 
concentration  of  enzyme  activity  per  volume,  the  relationship  between  AST  and  the  severity  and  type  of 
periodontal  disease  state  is  more  readily  apparent.  (See  Table  3.)  While  AST  concentration  distinguishes 

40  between  ligated  and  non-ligated  teeth,  there  is  little  apparent  difference  between  AST  concentrations  when 
compared  between  the  baseline,  health  and  gingivitis  states.  In  contrast,  comparison  of  AST  quantity  in 
calculated  30  second  samples  provides  clear  distinctions  between  ligated  (experimental  periodontitis)  teeth 
and  teeth  during  the  health,  baseline  and  gingivitis  states. 

This  example  demonstrates  that  elevated  total  quantities  of  AST  in  timed  crevicular  fluid  samples  are 
45  closely  associated  with  the  occurrence  of  attachment  loss.  Furthermore,  the  example  also  demonstrates  that 

during  the  period  of  ligature-induced  disease  activity,  elevated  AST  activity  was  also  associated  with  high 
frequencies  of  gingival  inflammation. 

50 
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TABLE  3 

AST  Cone.  uIU/ul  Calculated  30  Sec.  Sample 
AST  Content  U.IU 

Baseline  (n  =  182)  954.9  +  609.3  65.7  +  77.8 
Health  (n  =  171)  610.4  +  224.9  15.0  +  7.3 
Gingivitis  (n  =  175)  656.2  +  380.4  43.0  +  53.5 
Non-Ligated  Teeth  661.1  +  138.33  58.1  +  36.6b 
Ligated  Teeth  1207.4  +  41  9.5a  6502.0  +  4765.2b 

a:  t  =  8.451,  p  <  0.001 
b:  t  =  8.056,  p  <  0.001 
t  statistic  resulting  from  a  paired  t-test  in  which  the  mean  AST  for  each  of  36  ligated  teeth  was 
paired  with  the  mean  AST  of  the  contralateral  non-ligated  tooth. 

EXAMPLE  2 

20  In  this  example,  a  longitudinal  study  of  periodontitis  was  conducted  of  34  human  subjects  moderately  at 
risk  for  periodontitis  but  not  receiving  treatment.  Up  to  fifty-two  (52)  sites  per  subject  were  evaluated 
clinically  and  assayed  for  the  presence  of  AST  on  a  quarterly  basis  for  from  three  to  seven  quarters.  Each 
of  the  sites  on  each  of  the  patients  were  assayed  for  AST  activity  according  to  the  procedure  of  Example  1 
by  inserting  a  strip  of  Periopaper  (Harco;  Tustin,  California)  into  the  gingival  crevicular  space  and  sampling 

25  crevicular  fluid  for  varying  time  periods  with  the  sampling  period  recorded  for  each  sample.  The  AST 
concentrations  of  the  crevicular  fluid  samples  so  obtained  were  then  determined  by  conventional  assay 
methods.  While  specific  limited  volumes  of  crevicular  fluid  were  sampled  the  crevicular  fluid  flow  rates 
could  be  calculated  on  the  basis  of  the  time  required  to  draw  the  samples.  It  was  then  possible  to 
determine  the  amount  of  AST  that  would  have  been  present  if  the  samples  had  been  taken  for  a  30  second 

30  period  of  time. 
Crevicular  fluid  specimens  were  collected  from  up  to  52  sites  per  subject  once  every  3  months  for  6-18 

months.  Clinical  measurements  of  periodontal  status  including  pocket  depth,  attachment  level,  Gingival 
Index  and  bleeding  upon  probing,  were  also  made  each  quarter.  The  clinical  measurements  were  used  to 
determine  the  severity  of  disease  activity  occurring  at  each  gingival  site.  In  order  to  evaluate  the  association 

35  between  AST  activity  and  disease  severity,  all  of  the  study  sites  were  assigned  to  1  of  4  different  categories 
of  disease  activity  (Table  4).  The  mean  AST  activity  for  each  site  was  calculated  and  then  the  mean  AST  of 
all  of  the  sites  within  each  category  was  determined.  When  AST  per  30  second  sample  was  used  to 
calculate  the  mean  AST  activity  levels  for  the  4  categories  of  disease  activity,  there  was  an  obvious 
correlation  between  the  magnitude  of  AST  activity  and  disease  severity  (Figure  1a).  The  highest  mean  AST 

40  levels  were  associated  with  the  most  severe  disease  activity  -  i.e.,  loss  of  attachment.  The  level  of  AST 
activity  also  correlated  with  the  degree  of  gingival  inflammation  and  bleeding,  i.e.,  higher  mean  AST  levels 
were  associated  with  mode  Gingival  Index  =  2  and/or  frequent  bleeding  upon  probing;  lower  levels  were 
associated  with  mild  gingivitis,  mode  Gingival  Index  =  1;  and  the  lowest  levels  were  associated  with 
gingival  health,  mode  Gingival  Index  =  0  (Figure  1a).  In  contrast,  when  AST  concentration  was  used,  there 

45  was  no  significant  distinction  between  the  different  categories  of  disease  severity  (Figure  1b).  These 
findings  were  consistent  with  those  of  Example  1  in  which  AST  activity  calculated  as  total  activity  per  30 
seconds  correlated  much  better  with  disease  activity  than  concentration  of  AST  activity.  Furthermore, 
elevated  AST  was  correlated  with  degree  of  gingivitis  as  well  as  periodontitis. 
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TABLE  4 

10 

15 

Hierarchy  of  Periodontal  Disease  Activity 

Category  Definition 

Periodontitis  Confirmed  attachment  loss  (ALOSS)  of  k  2  mm  during  the  study. 
Confirmed  ALOSS  is  k  2  mm  deepening  of  probing  attachment  level 
which  was  confirmed  by  subsequent  attachment  level  measurment(s). 

ALOSS  Attachment  Loss 

Gingivitis 
G2  Moderate  Gingivitis  Sites  which  did  not  exhibit  confirmed  ALOSS  and  which  had  mode3 

Gingival  Index  =  2  OR  bled  upon  gently  probing  most  of  the  quarters 
studied. 

G1  Mild  Gingivitis  Sites  which  did  not  exhibit  confirmed  ALOSS  and  which  had  mode 
Gingival  Index  =  1  . 

GO  Health  Sites  which  did  not  exhibit  confirmed  ALOSS  and  which  had  mode 
Gingival  Index  =  0. 

20 
a  Mode  Gl  =  most  frequent  Gingival  Index;  when  2  Gl  were  equally  frequent,  the  higher  Gl  was 
used. 

Analysis  of  the  data  generated  indicated  a  clear  distinction  between  most  severe  disease  activity,  as 
represented  by  attachment  loss  (ALOSS),  and  least  severe  disease  activity  (GO)  when  AST  activity  was 

25  calculated  as  total  AST  activity  for  a  30  second  sample.  There  was  little  distinction  between  diseased  and 
healthy  sites,  however,  when  AST  activity  was  calculated  as  concentration.  (See  Table  5.) 
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The  distinction  between  presence  of  disease  (ALOSS)  and  no  disease  was  also  demonstrated  by  a  rank 
55  randomization  argument  which  compared  diseased  sites  and  healthy  sites  within  each  subject  individually. 

When  the  data  for  calculated  30  second  AST  samples  was  analyzed  by  this  rank  randomization 
argument,  AST  was  shown  to  have  a  highly  significant  association  with  the  occurrence  of  attachment  loss. 
(See  Figure  2.)  If  there  was  no  association  between  elevated  AST  levels  and  attachment  loss,  the  summary 
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index  for  that  patient  would  be  less  than  or  equal  to  0.5  while  if  there  was  a  positive  association  between 
elevated  AST  and  attachment  loss,  the  summary  index  would  be  greater  than  0.5.  Of  the  twenty-three  (23) 
patients  with  one  or  more  attachment  loss  sites,  (58  sites  total)  twenty  (20)  had  an  index  greater  than  0.5,  a 
highly  significant  result,  (p  =  0.000244)  The  control  consisted  of  597  sites  distributed  among  23  subjects 

5  judged  healthy.  The  study  therefore  not  only  indicated  an  association  between  elevated  levels  of  AST  and 
periodontal  disease,  but  also  indicated  a  strong  association  (as  well  as  a  temporal  relationship)  between 
AST  and  periodontitis. 

EXAMPLE  3 
10 

A  second  study  similar  to  that  of  Example  2  was  conducted  wherein  all  crevicular  fluid  samples  were 
taken  by  sampling  crevicular  fluid  with  periopaper  strips  for  30  seconds  from  eight  (8)  gingival  sites  in  each 
of  twenty-five  (25)  human  subjects  with  histories  of  periodontitis.  AST  assays  and  clinical  assessments  were 
made  quarter  annually  for  from  three  to  seven  quarters. 

is  In  this  study,  each  crevicular  fluid  specimen  was  collected  for  a  uniform  sampling  time  period  of  30 
seconds  and  AST  activity  was  calculated  only  as  total  activity  per  sample.  Clinical  measurements  of 
periodontal  status  such  as  pocket  depth,  attachment  level  and  Gingival  Index,  were  also  made  each  quarter. 
As  in  the  study  of  Example  2,  the  clinical  measurements  were  used  to  determine  the  severity  of  disease 
activity  occurring  at  each  gingival  site.  The  sites  were  assigned  to  categories  of  disease  severity  and  mean 

20  AST  levels  per  site  were  used  to  plot  Figure  3.  This  graph  shows  a  correlation  between  magnitude  of  AST 
activity  and  severity  of  periodontal  disease  that  is  similar  to  Figure  1  . 

Thus,  the  results  of  two  separate  studies  of  naturally  occurring  periodontal  disease  in  humans  confirmed 
that  the  highest  level  of  AST  activity  in  gingival  crevicular  fluid  were  associated  with  significant  attachment 
loss  (periodontitis).  Furthermore,  both  studies  demonstrated  that  elevated  AST  levels  were  also  associated 

25  with  moderate  gingivitis;  lower  levels  were  associated  with  mild  gingivitis,  and  the  lowest  levels  were 
associated  with  no  gingivitis. 

The  human  study  of  this  example  was  carried  out  on  subjects  enrolled  in  a  maintenance  program, 
which  provided  quarterly  root  planning  and  scaling.  Although  some  sites  exhibited  significant  loss  of 
attachment  despite  this  regular  therapy,  some  sites  exhibited  significant  gain  in  attachment  which  could  be 

30  attributed  to  successful  therapy.  Thirty-one  study  sites  distributed  among  15  of  the  subjects  exhibited 
significant  gain  of  attachment,  classified  as  a  gain  in  attachment  of  greater  than  or  equal  to  2  mm.  For  23  of 
these  sites  (74%),  the  gain  in  attachment  level  was  associated  with  a  drop  in  the  level  of  AST  activity; 
whereas  in  only  9  of  these  sites  (26%),  was  the  gain  associated  with  a  rise  in  AST  activity.  Furthermore,  the 
mean  drop  in  AST  associated  with  gain  of  attachment  (mean  drop  =  492  M.IU)  was  more  than  twice  as 

35  great  as  the  mean  rise  in  AST  (mean  rise  =  210  M.IU).  Therefore,  in  72%  of  the  cases  in  which 
maintenance  therapy  was  effective,  there  was  a  drop  in  AST  coincident  with  the  gain  of  attachment.  When 
the  data  was  analyzed  by  the  Wilcoxon  Signed  Ranks  Test,  the  drop  in  AST  levels  associated  with  gain  of 
attachment  was  found  to  be  highly  significant,  p  =  0.002.  These  results  indicated  that  decreasing  AST 
activity  often  coincided  with  decreasing  disease  activity.  Therefore,  measurement  of  AST  activity  in  GCF 

40  would  be  useful  not  only  as  a  diagnostic  tool  for  detecting  the  occurrence  of  disease,  but  it  would  also  be 
useful  for  monitoring  responsiveness  to  therapy. 

Claims 

45  1.  A  method  for  determining  the  severity  and  type  of  periodontal  disease  in  mammals  comprising  the 
steps  of 

(1)  sampling  crevicular  fluid  for  a  selected  brief  period  of  time, 
(2)  assaying  the  crevicular  fluid  sample  so  collected  to  determine  the  total  quantity  of  aspartate 
aminotransferase  present,  and 

50  (3)  correlating  the  total  quantity  of  aspartate  aminotransferase  present  in  said  crevicular  fluid  sample 
with  a  standard  for  the  selected  period  of  time  indicative  of  the  severity  and  type  of  periodontal 
disease. 

2.  A  method  for  determining  the  efficacy  of  treatment  of  periodontal  disease  conditions,  said  method 
55  comprising  the  steps  of 

(1)  sampling  crevicular  fluid  for  a  selected  brief  period  of  time, 
(2)  assaying  the  crevicular  fluid  sample  so  collected  for  the  total  quantity  of  aspartate  aminotrans- 
ferase  present,  and 
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(3)  correlating  the  total  quantity  of  aspartate  aminotransferase  present  in  said  crevicular  fluid  sample 
with  a  standard  for  the  selected  period  of  time  indicative  of  the  degree  of  severity  and  type  of  the 
periodontal  disease  state. 

5  3.  The  method  according  to  claims  1  or  2  wherein  crevicular  fluid  is  sampled  for  between  1  second  and  3 
minutes. 

4.  The  method  according  to  claim  3  wherein  crevicular  fluid  is  sampled  for  between  5  seconds  and  30 
seconds. 

10 
5.  The  method  according  to  claims  1  or  2  wherein  crevicular  fluid  is  sampled  by  means  of  an  absorbant 

tip. 

6.  The  method  according  to  claims  1  or  2  wherein  said  assay  is  a  colorimetric  assay. 
15 

7.  The  method  according  to  claim  6  wherein  said  assay  is  a  semi-quantitative  assay  which  indicates  the 
presence  of  a  selected  suprathreshold  quantity  of  aspartate  aminotransferase. 

Patentanspruche 
20 

1.  Verfahren  zur  Bestimmung  des  Schweregrades  und  des  Typs  von  Zahnfleischerkrankung  bei  Saugetie- 
ren,  welches  die  Schritte  umfaBt 

(1)  Abnehmen  einer  Probe  von  Taschenflussigkeit  uber  einen  ausgewahlten  kurzen  Zeitraum, 
(2)  Untersuchen  der  so  gesammelten  Taschenflussigkeitsprobe,  urn  die  Gesamtmenge  von  vorhan- 

25  dener  Aspartat-Aminotransferase  zu  bestimmen,  und 
(3)  Korrelieren  der  Gesamtmenge  von  in  besagter  Taschenflussigkeitsprobe  vorhandener  Aspartat- 
Aminotransferase  mit  einem  Standard  fur  den  ausgewahlten  Zeitraum,  der  fur  den  Schweregrad  und 
den  Typ  der  Zahnfleischerkrankung  indikativ  ist. 

30  2.  Verfahren  zur  Bestimmung  der  Wirksamkeit  der  Behandlung  von  Krankheitszustanden  des  Zahnflei- 
sches,  wobei  dieses  Verfahren  die  Schritte  umfaBt 

(1)  Abnehmen  einer  Probe  von  Taschenflussigkeit  uber  einen  ausgewahlten  kurzen  Zeitraum, 
(2)  Untersuchen  der  so  gesammelten  Taschenflussigkeitsprobe  auf  die  Gesamtmenge  von  vorhande- 
ner  Aspartat-Aminotransferase  und 

35  (3)  Korrelieren  der  Gesamtmenge  von  in  besagter  Taschenflussigkeitsprobe  vorhandener  Aspartat- 
Aminotransferase  mit  einem  Standard  fur  den  ausgewahlten  Zeitraum,  der  fur  den  Schweregrad  und 
den  Typ  des  Krankheitszustandes  des  Zahnfleisches  indikativ  ist. 

3.  Verfahren  nach  den  Anspruchen  1  oder  2,  wobei  Taschenflussigkeit  hierfur  zwischen  1  Sekunde  und  3 
40  Minuten  als  Probe  abgenommen  wird. 

4.  Verfahren  nach  Anspruch  3,  wobei  Taschenflussigkeit  hierfur  zwischen  5  Sekunden  und  30  Sekunden 
als  Probe  abgenommen  wird. 

45  5.  Verfahren  nach  den  Anspruchen  1  oder  2,  wobei  Taschenflussigkeit  mit  Hilfe  einer  Absorptionsspitze 
gesammelt  wird. 

6.  Verfahren  nach  den  Anspruchen  1  oder  2,  wobei  besagte  Untersuchung  eine  kolorimetrische  Untersu- 
chung  ist. 

50 
7.  Verfahren  nach  Anspruch  6,  wobei  besagte  Untersuchung  eine  halbquantitative  Untersuchung  ist,  die 

das  Vorhandensein  einer  ausgewahlten,  uber  einem  Schwellenwert  liegenden  Menge  von  Aspartat- 
Aminotransferase  anzeigt. 

55  Revendicatlons 

1.  Procede  pour  determiner  la  gravite  et  le  type  d'affection  du  parodonte  chez  les  mammiferes, 
comprenant  les  etapes  de  : 

13 
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(1)  prelevement  du  fluide  issu  de  la  crevasse  gingivale  pendant  une  breve  periode  de  temps  choisie, 
(2)  analyse  du  prelevement  du  fluide  de  la  crevasse  ainsi  recueilli,  pour  determiner  la  quantite  totale 
d'aminotransferase  d'aspartate  presente,  et 
(3)  correlation  de  la  quantite  totale  d'aminotransferase  d'aspartate  presente  dans  ledit  prelevement 

5  de  fluide  de  la  crevasse,  avec  un  standard  pendant  la  periode  de  temps  choisie,  indicatif  de  la 
gravite  et  du  type  d'affection  du  parodonte. 

2.  Procede  pour  determiner  I'efficacite  du  traitement  des  conditions  d'affection  du  parodonte,  ledit 
procede  comprenant  les  etapes  de  : 

io  (1)  prelevement  du  fluide  issu  de  la  crevasse  gingivale  pendant  une  breve  periode  de  temps  choisie, 
(2)  analyse  du  prelevement  du  fluide  de  la  crevasse  ainsi  recueilli,  pour  determiner  la  quantite  totale 
d'aminotransferase  d'aspartate  presente,  et 
(3)  correlation  de  la  quantite  totale  d'aminotransferase  d'aspartate  presente  dans  ledit  prelevement 
de  fluide  de  la  crevasse,  avec  un  standard  pendant  la  periode  de  temps  choisie,  indicatif  de  la 

is  gravite  et  du  type  d'affection  du  parodonte. 

3.  Procede  selon  les  revendications  1  ou  2, 
dans  lequel  le  fluide  de  la  crevasse  est  preleve  durant  1  seconde  a  3  minutes. 

20  4.  Procede  selon  la  revendication  3, 
dans  lequel  le  fluide  de  la  crevasse  est  preleve  durant  5  secondes  a  30  secondes. 

5.  Procede  selon  les  revendications  1  ou  2, 
dans  lequel  le  fluide  de  la  crevasse  est  preleve  au  moyen  d'un  element  absorbant. 

25 
6.  Procede  selon  les  revendications  1  ou  2, 

dans  lequel  ladite  analyse  est  une  analyse  par  colorimetrie. 

7.  Procede  selon  la  revendication  6, 
30  dans  lequel  ladite  analyse  est  une  analyse  semi-quantitative  qui  indique  la  presence  d'une  quantite  au- 

dessus  d'un  seuil  choisi  d'aminotransferase  d'aspartate. 
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