
Proin: The 1)epartmenl o f  Prost1icl:c 
Denti\try (Head : I'rofe5sor 1V. Krogh- 
Poi i l sen) ,  
The Iioyal Dental Collegc, Copeti- 
Iia gcn , Den ma rk . 

AN ASSESSMENT OF THE TACTILE SENSIBILITY 
IN HUMAN TEETH 
AN EVALITATION OF A QUANTITATIVE METHOD 

b!l 

GERI) TRYI)E*) 

O v s  I"RYDESHERG'*) 

NIELS BRILL***) 

As  f:ir ;IS is known to the xuthors, 'I ' f ir~i l  (1931) was the first to 
presenl i i  det:iiletl stutly of' tooth sensibility :IS determined by 
objects of wrying  thkkness  phced  lletween occ1us:il or incis:il 
surfaces of teeth. He w:interl to determine the thickness o f  :in 
object which could just  be detected liy :I subject, when biting on 
it. He tested in : i l l  150 subjects, 102 feni:iles ant1 48 males. The 
youngest subject w a s  sixteen years old, the oldest forty years. 
A11 hiid natural  teeth. 'I'heil does not mention the occurrence of' 
tooth repl:icernents other than single crowns. 

l h r i n g  the testing procedure the subjects were blindfoldetl. 
However, they knew that some object \vottlrl  he placed hetween 
their teelh. The o1)jecls iiserl were I)l:itinuin wires of fourteen 

~~~ ~ - 

:t) Ilesearch fe l low,  Deparl ment of Prosthctic I)eritistry, t lie Iioy:tl Den t nl  

:>$#) Associate professor of genetics and biological statistics, the Royal 

::.:>:t) Associate prnfessor, Department of Prosthetic lkntistrp,  the lloynl 

College, Copenhagen, Denmark. 

Dental College, Copenhagen, Denmark. 

Dental College, Copcnliagen, 1)cnmark. 



234 (; l i l i l )  T H Y D l ; ,  O V E  l ~ l i Y l ~ l < s l i ~ l i ~ i  A S I )  N IE1.S I<IiII,I. 

different cli;irnelers, ranging I'roin 0.3 lo  0.0 15 m t i i .  \VIien ; I  wire 
w a s  inserletl thc su1)jects were toltl lo  search for  i l  with Lhe teelh 
:ind raise :I h n c l  i f  they tielected anything. IAighl Inovernents 01' 
the mire were thought to indicate cont;icl between teeth :inil wire. 

I t  wts believed that the testing procedure might Lire tlie siib- 

,jects. A s  :I preliiiiinwy iiie:isiire, Lhcrefore, only : I  few wires were 
tisell l o  n;ii.row tlown tlie range in  which Ihe thinnest  tletec.l:il)le 
wire could he espectetl 10 :ippe:ir. \\'ilhin this critic:il range ex11 
subject w i s  tesletl by :ipplging wires \vil l i  t1i:inleters increasing 
by steps of 0.01 111111. 

Sul),jects might be tinconscio~islg inl'liiencetl by their knowlerlge 
of the purpose of the study. 'I'lieil reports thal ii  colle:igue re- 
sponded :ii'fiisiii:ilively in spite o f  the f'acl th:il no wire WLS p1:icetl 
I)elween his teeth. In  order lo avoid distorted results :I rising 
I'roni : I  slutly coiil'ined lo clentisls, lit, therei'ore included persons 
froin o t her pro f r  ssions. 

\Villi the wtiie investignlion in iiiind Z Z o l l s f ( , i r i  i 1!)33) usetl 
'I'heil's rnethoct on 125 siil)jects, 57 1'cni:iles :ind ti8 iii:iIes. 'I'heir 
age varied from sixteen to seventy-one. Ilollstein, however, in- 
trotlucetl :I few minor changes in the rsperiment;il tnethoil. l ie  
:icltlerl some lhiclter wires lo  I h o s e  used by 'llieil, there1)y in- 
creasing I h e  upper dinlension sttitlied froni 0.5 111111 l o  0.9 111111. 

Re:tlising, th:it it' the su1)jects :ire t1istr:ictetl or hecome tiretl 
(luring the csperinienl they may give unrelialile :inswers, he 
tlisc:irtletl some o f  the initial procedures suggesled hy Theil, and 
by 1iie:iIis ol' :irticiil:iling p:\per Hollslein located occlus:il contacts 
in order lo s p r e  the siihjecls :I prolonged se:ircli for the wires. 
Moreover, during the  testing Hollstein did not  blindfolrl the  sub- 
jec-ls h i i t  iiierelg toltl them to lieel) their eyes shul. I 3 o t l i  'I'heil : i n d  

Hollstein retr:ictetl the cheeks froin Ihe teelh; hut  Hollstein dicl 
not isolale the longlie :IS did 'Theil. 

The present :iiithors lee1 t k i t  the iiielliotl used by 'I'heil : tnd 
Hollstein could he irnprowtl .  

A s  slatetl by l < i t i ~ ~ i i i t i i i r / i  ( 1960) the i ine wires nsed :ii*e eiisily 
benl, :Ind they m:iy therefore be t1ispl:icetl ( luring the experiment. 
hlorcwver, when t e e l h  meet in occlusion t h e  nit lure o f  the  c o n t a c l  
w r i e s  I'roni points of cont:ict to  a r w s  of contacl t1el)ending on 
Ihe degree of' at tr i t ion.  This means ttxit when points o f  conlacls 
occiir, open sp:ic~?s :ire fount1 between l h c  occliisnl stirfaces oiil- 
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side the contact zone. This creates the problem of how one can he 
sure that a I'ine wire is placed inside the zone of contact. Further- 
more, we feel that the concept ol' :in upper threshold value might 
:tdvnnt:rgeously be replaced by a statistically more acceptable 
measure. 

Hence the aims of the present work are: ( 1 )  to describe :in im- 
proved clinical rnethotl, hy which it is possible to obtain informa- 
tion concerning tactile sen5ibility in hum:in teeth; ant1 ( 2 )  to 
find :I numerical term defining this sensibility. 

The essence of the methori is that :L person is asked to bite on a 
nietnl strip :tnd to s1:ite whether or not he can feel anything be- 
tween his teeth. I t  is required that two opposing teeth to he tested 
have attrition facets which :ire able to Iiold :I rnet:il strip or :I 

thickness of 0.01 inin, when the teeth :ire closed against the strip 
and :I pull is :ipplied to the  strip [Fig. 1 ) .  

Thr. f e s t  slrips: The test strips :ire made of rolled silver (Fig. 
2) .  All strips :ire : h u t  five millin~eters long and about one milli- 
iiieter wide but they w r y  in thickness. The thickest strip is 0.1 
111111 :ind the thinnest is 0.01 111111. 'The difference between con- 



Fig. 2. 'l'wrezc~rs Iiolding :I test s t r ip  ncst t o  :I match for c o m p r i w n .  

secutive strips is 0.01 niin. Hence :iltogether ten test tlirnensions 
:ire employed. 

Conditions dziring flu' t e s t i i i g :  The \ubject is  se:ited conifortably 
in :I t1enl:il chair with the head and kick supported in  :I slightly 
reclining poqition. The examiner gently retracts the lips and in- 
serts a iiietal strip between the two selected opposing teeth, by 
means o f  tweezers. 

In order to fani i l iar i~e hirnself with each new strip the subject 
goes through :I few trials preceding the :ictunl testing. During 
the :ictual testing the subject is  asked to close his eyes in order 
l o  concentrate hetter upon sens:itions from the occlusal sur1:ices 
without being disturbed by visu:il impressions; for instnnce the 
slight movements o f  the examiner's hand. The subject is  told 
that sometimes :I strip will be  pliiced between the teeth and  sorne- 
times not, and is then asked to close his teeth ant1 state whether 
or not he can Peel anything between them. 

Jl'ricrls per  dimension: The subject is  offered twenty trials :it each 
of the ten dimensions. In some of the trials the strip is inserted 
hetween the teeth, in  others i t  is left out. 

The order of positive and negative trials is randomized. In 
practice this is ensured hy means of special cards (Fig. 3 ) ,  each 
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Fig. 3. + z i n c 1  - sign5 entcretl a t  random on a card. 

of which bears n sequence o f  plus-signs :inti mintis-signs, twenty 
in all. h plus-sign signifies n posif iue trial, i . c .  insertion of the 
test strip, and a minus-sign denotes a negative trial, i.e. a trial in  
which the test strip is :ictiinlly not inserted between the teeth. 
The sequence of plus-signs and minus-signs on the individual 
card hiis been determined from :I table of random sampling 
numbers ( Z f l r r l d  19(iO), in such a way that an  even figure calls fo: 
a plus while an odd figure denotes a minus. 11 follows from this 
that not only the order of plus-signs and minus-signs varies 
from one card to the next but the total number of plus-signs on 
the individual card is also subject to random variation. One 
hundred such cards have been protliiced and for each new dimen- 
sion tested a sequence card is picked :it random. 

Olrdcr of diniensions: The measurements with a set of strips are  
started with the thickest strip and carried through decreasing 
dimensions to the thinnest strip. All subjects go through all ten 
dimensions, each represented by twenty trials. Thus each person 
is offered altogether two hundred trials. 

Recording the r a w  data: The answers, yes or no, to the question 
whether the subject feels anything or  not are recorded accompa- 
nied by a plus or a minus to signify whether the answer is ob- 
tained in a positive or a negative trial. 

The following combinations of answers and kinds of trials 
are obtainable: yes, +, yes, -, no, f, and no, -_ The combination 
ycs,+ indicates that the subject perceived a strip that was in fact 
inserted between his teeth or, to be strictly correct, i t  indicates 
that he was of the opinion that he did feel a strip. Yes ,  - denotes 
that the subject was of the same conviction in spite of the fact 
that no strip had been inserted. A failure to recognize the strip in  
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:i positive trial is recorded by no, + , and no, - stands for a nega- 
tive answer in  :I negative trial. 

Siimniarizing t lw r(ii17 t lutn:  ‘l’he raw tlnt:i constitute :t confusing 
sequence of the four  conihin:iLions 0 1  :inswers anti 1ri:ils but  they 
:ire conveniently siimrn:irized by counting the nurnl~er  o f  each 
coni1)in:ition :it e n c h  tested dimension. This is  done in  coloiinins 
two to five o f  l‘:ible 1 for the results ohtninetl with two different 
subjects, designated I ;jnd 11. F o r  the s:ilte of illostrntion the 
me:isurciiienls presented in  T:ihle 1 :ire selected from :I collection 
of d:it:i not otherwise employed in  this paper. 

The sensibilifg frcqi icncy:  Assunling that there are  no tlisturbing 
psychological effects, the frequency of yes-tinswers :tinong positive 
trials, IT(ges,+ is :I me:isure o f  tlic su1)jects n1)ility Lo recognize 
the tested dinicnsion. A V(yes, +) equ;il to 100 per cent signit’ies 
that  the stil),jec.t recognized the strip c ~ c r y  tiriic i t  \vas inserter1 
and :I k’(yes, + eclu:il to zero denotes that  the subjcct f:iiletl to 
perceive the slrip ; i t  ; i l l ,  1nternietli;ite values indicate tha t  the 
subject did sonietinies recognize the strip h i i t  that  he fnilerl to do 
so in soiiie c:ises. l‘hiis, the  higher the ( IJ( (ycs ,+~ the gre:iler llie 
:il)ility Lo perceive tlie tested tliincnsion. 

A mornenl’s Lliotrght reve:ils, however, Ilia t wc c:innot accept 
the r:iw F(yes,+)-v:iliie :IS ;I tlcpentluble 1iic;isitre of the su1)jecl’s 
ability l o  perceive tlie strip. In tlic estrcriie, :in I:(ges,+-) equ:iL 
to 100 per c e n t  c:in be o1)t:iiiit.d for every strip 1)y iiierely :in- 
swering p ~ . s  to all trials independent o f  whether Ihc strip is 
:iclu:rlly insertctl :ind perceived o r  i f  i t  is left  out. I 1  :I sLilj,ject 
has :tns\veretl ~ P S  Lo : t i 1  trials, fie mill score not only a n  fJ(yes , - t~)  
equal to 100 per cent hut also ;in F(yes,  -) o f  100 per cent ; I I ~ C ~  i t  
is obvious t h i t  lie has not tleiiionstratetl :my :ibility :it all  to 
recognize the strip. The  s;iiiie is h u e  if :I subject scores, suy, :in 
F(yes ,+)  = 75 per cent ;ind siinu1t:iiieoiisly an  F(yes, -1 = 75 
per cent. ‘I’he essence ol‘ o w  test lies not in the  frequency of cor- 
rect :ins\vers arnong positive trials but r:ithcr in the difference 
in the f r ecpnc ic s  of yes-answers :tinong positive and negative 
t ria 1 s. 
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A s  n single numerical expression of a person's :ibility to per- 
ceive :I given dimension, d, we have therefore chosen a statistic, 
which we have named the sensibility frequency antl which is 
desigixiterl by the symbol Fd. It is  defined 1)s the relation: 

Fd = F(yes, +) - F(yes, -). 

Ideally Fd may vary fr-orn 0 per cent to 100 per cent. An Ficl 
equal to 0 per cent denotes tha t  the subject is  unable to perceive 
strips of dirnension 0, and :in I'd = 100 per cent means that the 
subject ;tlways perceives strips of this thickness. Intermediate 
values denote how frequently the strip is  percciverl by the subject. 

T ~ P  Fd t i1 rt>lritiiicly gr'mt tliincnsions: 1,et u s  consider how the 
Ftl riie:isiire works in two subjec~ts whom we suppose to have :in 
identical sensibility hiit who i-e$pond psychologically differently 
l o  the experiinent:il situation. Let the two s ihjects  A and I3 both 
be :ihle to recognize perfectly the greatest dimension tested. Con- 
sequently they will answer ye's in  :ill positive trials and i t o  in :ill 
negative trials. They will then score :in F(yes,+)  = 100 per cent 
and a n  F(yes, -) = 0 per cent and our ineusure hecoines 

Fd = 100 % - 0 9; = 100 7; 

for both subjects, slating the facl that  they have recognized the 
test strip every time it  W:IS inserted. 

Thc Fd ( i t  rrl(itiiwly sincrll dimciiaioiis: Now let us :issuIne that  
the two subjects a re  entirely unable to perceive n strip of :I 

certain sm;ill tlirnension. Subject A niny :ictii;illy realize :ind :ic- 
cept this fact and consequently he  will answer no in every trial, 
whether the strip is  inserted o r  not. He then scores :in F(yes,+ ) 

= 0 per cent : i d  :in F(yes,  -) = 0 per cent antl consequently 
the lJd Ixcornes 

Fd  = 0 % - 0 5; = 0 '' I( 
which expresses satisfactorily the assumed fact that  this subject 
cannot distingtiish a t  all between positive ant1 negative trials, 
i.e. that  he has no perception wlizitever of the tested dimension. 
The tlnt:i presented in Table I for subject I simulate this situa- 
tion fairly closely. 

Subject I3 niay react differently when he i s  tested for n dimen- 



TACT1 LE S E N  S 113 I I, I H 24 1 

sion he cannot recognize. He may, consciously or unconsciously, 
be unwilling to accept this fact :inti consequently he will continue 
to answer i p s  in some of the trials. Being, however, unable to 
distinguish between positive and negative trials, he is equally 
unable to fnvottr either o f  them with his yes-answers. It follows 
that his yes-answers O R  Ihc nnerci{ge will he equally frequent in 
the two categories of tri:ils, i . r .  subject 13 will score an  F(yes ,+)  
= n per cent and an F(yes, - ) = n per cent and therefore 

Fd % - a  7c 1 0  7; 

which espresses s:itisf:tctorily the fact that he cannot recognize 
the test-strip a t  a l l .  The :ictu:il frequencies of yes-answers in this 
situation s ill vary froni person to person depending upon how 
able lie believes himself to be. This v:iri:ition is of  course ir- 
relevant to us but it must necessarily on the :iver:ige cancel out 
in the cnlculntion of the individu:il Fd.  The f:ictual data shown 
in  T:tble I for subject 11 reflect a situation similar to that just  
described. 

Tlw Ftl iat int(>rnic(litrt(> diinrnsions: A t  :in intermediate dimen- 
sion the subjects may he able to recognize the strip with some 
uncertainty. In :t "realistic" person like subject I (T:ible I )  this 
may probnhly result in :in in1ertnetli:ite F(yes ,+)  :ind an  
F(yes, -) equal to zero and in this case we have: 

Fd = F(yes, + 1 - F(yes, --) rz F(yes, + 1. 

Subject 11 ni:iy, however, also :it this diinension believe himself 
more : i b k  than h e  :ictu:illy is, resulting in an  excess o f  yes- 
answers. The unjustified yes-answers offered gr:ituitously wil l  
on the average be t1istril)utetl equnlly among positive and negative 
trials. The F(ycs,+ ) will he too high by :I wlue  which must be, 
on an  average, reflected in the value of F (yes, -->. Consequently 
subtraction of' the Intter from the former gives us :in Fd free 
from randomly occurring yes-answers. 

In analogy with many other eaperimentd situations the 
F(yes, -) can be said to  measure the "background noise" for 
which the :tctu:il measurement, F(yes, + ) has to lie corrected. 

7he relimhil'ity of the I I I C , ~ L ~ ~ P :  It follows from what has been 
said above that our  measure of sensibility, Fd, is constructed in 
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such n w:iy tlinl i t  is  not possible for :I subject systenintic:illy lo  
score an  Fd  higher than he nctu:illy deserves: whenever for any 
reason he adds unjuslified or gratuitous yes-:inswers these will 
he correcletl for in  lhe calcuhtion of the sensibility frequency, F t l .  

I3y inere chance he m:iy of course succeed in offering more of 
his yes-:inswers in  the positive trials resulting in :in Vtl which is 
too high. The same may happen when a subject's vision is testetl 
by nie:ins o f  :in eye testing chart .  \\'hen :rsketl :ibotit ;I letter that  
lie cannot see h e  still 11:)s n chance o f  giving the right answer if 
he chooses a t  r:intlorii aniong the lelters o f  the :ilph:ihet. In the 
present case l h e  subject hiis n fifty-fifty ch:ince of answering 
correctly in the individual trial when he cannot perceive :inytliing 
at  : i l l .  This is :I considern1)ly higher c1i:ince than he moult1 1i:ive 
in selecting the correct letter from the :iIphabet. This increase in  
error in llie indivit1u:il trial is  p:irtly compens:itetl for  hy testing 
the subject twenty times :it each cliniension. I t  should he horn in 
mind that gr;ituitous yes-answers w i l l  j tist :is often result in too 
low as in too high Fds. The nie:isured v:ilues of  Fd xi11 vary a t  
rantlorn around the true v:ilue which would be obt:iinetl if the 
suhject w i s  offcred :in infinile ntiiii1)er of trials. 

T l i c  possihlo rc:inq(' of t ; t l -rwlrie .s:  I3eing the difference between 
two observed frequencies the sensihilitg frequency, Ftl, can never 
exceed 100 per cent. However, since bolh observed frequencies 
:ire subjecl to r:intlorn v;iri:ition sensibility frequencies may oc- 
c:ision:illy emerge which are  neg:itive. 

Actu:illy, in  the range where :I su1)Ject c:innot perceive the 
strip :it ; i l l  one r,.xprcf.s to get negative sensibility freqiiencies just  
:IS olten :IS positive ones. A s  usu:il in nie:isureriients the actual 
nie:isiii~erl v;ilues vary :irountl the tinknown true value th:it one 
\ v o ~ i l t l  obtain ;is a n  :iver:ige of :in infinite ntini1)er ol' 1iie:isiire- 

rnents. \Vhen :I subject cannol perceive the strip a t  ;ill we expect 
;in Fd equ:il to zci-0. T h e  :ictu:il iiie:istired 14'd based on a limited 
nurri lw of me:rsurenients m:iy turn out higger or sni:iller, i.p. 
posilive or neg:itive. Siniihrly, negative nieasurerl Ptl-wilues may 
lie o1)l:iinetl for expected wilues which are  theniselves positive, 
hut close to zero. 

'I'll(> spnsibility cziriw: \ire can get :i comprehensive picture of :I 

subject's reuponse to the test by plotting the ~iieasiired sensibility 
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Fig. 4. The ideal curve and the observed curve o f  suhject 1. 

frequencies :IS :I function of the tested tlirnensions. This lins heen 
done in Fig. 4 with the data already given for subject I in Table I. 

The general picture I'ound is one of' Fd-v:ilues equnl to 100 per 
cent for the higher dimensions, then :I region in which the Fds 
tlecre:ise with decreasing dimension :inti :I final region in which 
the subject, apart from random variation, scores Ftls e c p i l  to 
zero. Thus, providing we measure over :I sufficiently wide range 
of dimensions, the sensibility curve appears signloid or S-shaped. 
In eval ii:t ting the individu:il curves it is iniport:int to rerneniber 
that every me:isured point on the curve is potentinlly subject to 
an esperimenlal error due to the fact that each dimension m a s  
tested only in a limited ntiniber of trials. The observed curve is 
hiit a n  imperfect picture of :in ideal curve which mould be ap- 
proached closer anti closer with a n  increasing number of trials 
for each dimension. This curve is indicated in Fig. 1 by white 
dots. 



Aropertics of fhc scnsihility ciirue: We do not know much : h u t  
the exact shnpe o f  the ideal ciirve. A future :in:ilysis o f  :L greater 
collection of t l ah  than we possess at the present Lime may con- 
firm the impression that the c.iirve is closely related to the normil  
Gn ussinn ogive. 

In any case it is obvious that the individual curve has two im- 
portant properties, ijiz. its position relative to the dimension axis 
:inti its slope. 

Of these two properties, the position rel:itive to the :isis of 
dimension is o f  imniet1i:ite interest to 11s :IS it indicates the s u b  
ject’s level of sensibility. The further to the left the dropping p:irt 
o f  the ciirve is located the greater is the subject’s sensibility. I t  
would be tlesiral)le to espress this in ii single qi1:intiL:ttive terni. 

Shortcomings of nn upper.  treshold: I t  may appear re:isonable to 
choose the point :it which the curve starts to drop a s  :I nie:isiire 
of the sii1)ject’s sensibility. Corning from a higher dimension, 
where Ftl-values equal to 100 per cent have been sc,oretl, the point 
where :in Fd less than 100 per cent is obt:iiried for the Jirst time 
indicates the dimension a t  which the subject’s sensibility begins 
to fail. For  several reasons this is, however, untlesir:ihle. 

Firstly, it is highly itnprobuble that the ideal curve would 
have :I point with the st:ited property o f  being the first point 
helow 100 per cent going from higher to lower dimensions. This 
requires it disconliniiity having a thoroughly nnwarr:rnted bio- 
1ogic:il basis. I f  such :I point does not esist theoretically it follows 
that it is unreasonable Lo try to estimate it froin the data. 

Secondly, such a n  estini:ite would depend :ilmost entirely on a 
single observation, niz. the first observed point less t h m  100 per 
cent. Consequently the inforination obtained i n  measuring at a11 
the other dimensions would hardly he utilized :it :ill. This means 
great i nn c c ii r ac y in the es t i  mat io n . Pe rh:i 1) s this is i 11 ti s t r:i t et l 
hest 11y considering once more Fig. 4. The first dimension giving 
:in Ftl less than 100 per cent is re:ichetl alre:idy a t  :I tliniension 
cl = 9 x mni. It is, however, r:tther ohvioiis that this gives :I 

h l s e  picture of the actual situation. The drop at 9 x 10-2 is 
caused by a single wrong answer which is probably due to :1 

misunderst3nding, :is the subject scores 100 per cenl a t  the nest 
three tested tliniensions. The next point helow 100 per cent is 
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first reached a t  5 x mm and again this is due to a single 
wrong answer. However, this time we are niore willing to accept 
that a t  5 x 10-2 mrn the subject’s sensibility is no longer perfect 
because the curve continues l o  drop. In the kist sentence is ern- 
bodied the fact that we prefer to utilize more than one point in 
obtaining our  estimate. The inaccuracy inherent in the estimate 
of 5 x nini becomes clear when we realize that mere chance 
could easily hare  resulted in :in Fd = 100 per cent for this dimen- 
sion. iZ different answer in only one trial wo~i ld  alter the estimate 
to 4 x lo-’ nrm. 

Shortcomings of (1 lomcr trpsholtl: The kind of :irgurnent pre- 
sented in the latter section is equally npp1ic:ible to :in estirnute 
of the first dimension a t  which all sensibility is gone, i.e. a t  the 
dimension where Ftl = 0 is scored for  the first time. Theoretically 
one cannot conceive such a point without requiring sonie kind 
of discontinuity which would he biologically incomprehensible. 
Consequently, estiination of this point is nieaningless. 

Thr. -50 per writ sensibility freshold: Though we can conceive no 
point being the first below 100 per cent, antl no point where the 
true curve reaches zero for the first time, there must certainly he 
:I point where the ideal cnrve passes through a sensibility fre- 
quency eqn:rl to :my specified value between zero and 100 per 
cent. \Ve therefore propose to use as :I single numerical me:isure- 
rrient of n person’s sensildity the dimension :it which the sen- 
sibility frequency is 50 per cent. This value we denote fl i tJ Fi0 pcr 
cent sensibility trcshold :ind it is designated by the symbol S5,. 

Estimation of t h e  50 pi’r writ trcsholtl: The S,,-value is estimated 
from the observed data by simple linear interpolation between 
the lowest dimension giving an Fd  just  above 50 per cent and the 
greatest dimension yielding an Fd just  below 50 per cent. This is 
the sanie a s  saying that the S,, is estirnatetl a s  the dimension at  
which the observed curve intersects the 50 per cent level. 

In case the empirical curve passes through 50 per cent more 
than once the interpolation is made between the last dimension 
before the first passage antl the first dimension after the last 
passage of 50 per cent. 

Our estimate utilizes :ill the infoi-ination embodied in the two 
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points just :ibove :ind below 50 per cent plus part  o f  the informa- 
tion embodied in the niensurements nixie  :it the remaining di- 
mensions, namely the fact that they have yielded Ftl-values .ivhich 
are either greater or sm:iller than those o f  the two points on 
either side o f  50 per cent. 

I, im it ( I  f ion s of S,, co I I  c ( ~  p t : \Ve heli eve t 1i:i t a n e s se n t i  a1 proper t y 
o f  a person’s sensibility is conveniently rh:ii-acterized 1)s :in 
estininte of his 50 per cent sensibility treshold. However, it should 
he stressed th:it the ~ s 0 - v : 4 ~ i ~ e  tioes not hy a n y  rneans contain :ill 
the inlorinntion avai1:iI~le from the nie:isurement of  a given per- 
son. A consit1er:tble amount  of :iddition:il iiiforni;ttion is einltotlied 
in the sensibility curve, PAJ. the slope of the curve tells something 
o f  how r:ipirlly [he sul),ject’s sensibility decreases with decreasing 
dimensions of the strips. 

A ~ l ’ I . I C ~ ~ ‘ ~ l O N  01‘ 1 HE METHOD 

S t l h j c J c * f s  f ( ~ s f ( ~ d :  The niethotl has been :ipplied to an investigation 
concerning ten subjects. Seven females ant1 three males were 
tected. Their :iges oarietl f r o m  thirly to forty-nine, the nie:rn age 
heing thirty-seven. Only ment:illy well 1):iI:inceil persons were 
testetl. ’The suhjecls helonged to the  slnff o f  the Royal 1)eiit:il 
College; seven were teachers nntl Ihree were tlenl;il nurws.  ‘Their 
qii:ilific:itions thus ni:itle i t  easy l o  in\trnct them in the  nece\s::iry 
pr oc e (111 re . 

‘The nuniber of  teeth in the subjects w r i e d  Iroin twenty-four 
to thirty-two. The  teeth used were vit:il ant1 surronntleti by clini- 
cally he:iltliy gingival niargins. Moreover, il w : i ~  asseswti clini- 
c:ilIy Ihat the teeth were not loose. l’erwns \villi occlusnl fillings 
were :idinitteil, w1iere:is those with nitiltiple re5Lor:iLions such :is 
reinov:il)le dentures, or  crowns and 1)ritfgework \vere rejected. 
‘I’he teeth selecled f o r  study were premolars atid n i o l a r ~  with 
:ittrition facets capnble of holding :I strip ot niininiurn thickness 
required by the rnethocl. In each sii1)jec.t only one pair of teeth 
were tested. 

R r s n l t s :  ‘I’:tble I1 gives the sensibility frequencies :ind the derived 
50 per cent sensihility thresholds obtained from the ten subjects. 
To il1ustr:ite the variation found from subject to subject four 
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Fig. 5 .  Sensibility frcquencies from Table I1 converted into curves. 

selected sensibility curves, viz. those for the subjects 1, 4, 5, and 
7, are shown in fig. 5 .  

In Tl'al)le 11 the 50 per cent sensibility tlireslioltls are found :11 
the bottom of the coluiims. 111 two cases, uiz. subjects 7 and 8, 
they even fall helow the lowest tliriicnsion tested. Conseyuenlly, 
we (::innot obtain :in estini:ite of' the 50 per cent threshold for 
these two subjecls but have to confine ourselves to the st:itemenl 
that the 5 0  per cent sensibility thresholds for suhjects 7 ant1 8 
:ire less thiin 0.01 rnm. 

The range of 50 per cent thresholds found for the ten subjects 
exlentls from 0.035 nirii to less than 0.010 mm, the :iver:ige value 
being less than 0.018 riiin. 

In evaluating the viilidity of the sen4bility curves obtained it 
is necessary to investigate whether the curve for a given person is, 
to a measurable degree, dependent upon (a )  the number of tli- 
niensions tested :ind (I))  the order in which the individual dimen- 
sions Lire tested. This problem has been approached by coinparing 
sensibility curves obtained by three tliff'erent procedures in e x h  
o f  the ten subjects entered in  Table 11. 
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?'hrce tliffcrcnt series: The results ohlainetl 1)y the three different 
procedures are  given in T:ible 111. 'The sensibility frequencies in  
series A have been collected following the  s1:intlard procedure 
tlescri1)ecl :ihove, i.c. by 1iie:isuring through tlrcrcnsinfl dimensions 
froiii 0.1 iiim to 0.01 i i i i i i .  Actuully ihe c1:tt:i in series X i n  T;h le  
111 :ire the same :IS those reportetl in  Tal)le 11. 

Series 13 involves the same dimensions :is series A but  the 
me;isureriients 1i:ive been carried out in reverse order, i . c i .  through 
increrisin~g diriiensions from 0 . 0 1  iiiiii to 0.1 i i i i i i .  

In series C the number of dirnensions testetl w;is ex tended I'rorii 
the usual ten to twenty by :ipplying :in :idtlitionnl set o f  ten strips 
o f  dimensions from 1.0 iiiiii  through steps o f  0.1 iiim downw:irds 
to 0.2 111111. ?'he riieastrrements in series C were skirted ; i t  1.0 mi11 
a n d  mrr ied  tlownwartls through : i l l  lwentg dimensions. I n  this 
c:ise the suhject underwent 200 trials hefore the range of tlinicn- 
sions comp:ir:ible to th:\t used in  series X :in(! 1% W I S  re:ichecl. All 
nie:is~ireinents :it tlirnensions gre:iter than 0.1 ~iii i i  obt:iined i n  
series C yielded sensihilily I'reqiiencics eqti:il to 100 per cent. 
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Fig. 6. Three diffcrent  curvcs ohlaincd in subject 1 by the st:uid;ird method 
and two d i f fereii t con t i.01 mcs  t ti otl s . 



Sensibility Curves A,B,and C for Subject 5 
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r'ig. 7 .  Three different curves obtained in subject 5 by the standard incthod 
a rid two d ifferc n t con t 1-01 me t hods. 

Figs. (i ant1 7 show the three sensibility curves for suhject 1 
and subject 5, respectively. 

Conip!rrisons of thc .seric..s: \Vhen considering the sensibility fre- 
quencies in the different series in Table I 1 1  one is left with the  
impression that  no consistent differences occiir hetween the three 
series. This is further substnnti:iterl by comp:iring the S5,-values 
derived f r o m  the tlnta and represented in  Table 1V. 
h comparison between series A a ~ i d  C reveals t lxit  in  foiir c:ises 

the S,,-v:iliie derived froin thc C series are  less than those from 
the A series :ind in the remaining six cases  they :ire greater. This  
distribution does not differ significantly from th:it expected i f  
the  series of values were pairwise identical. The average tlif- 
ference hetween the two series, excluding subjects 7 nntl 8, for 
whom no estimate of S,, can be obt:iined in series A, is  0.002 nim 
with a stantlxrd error of approsirnately 0.01)3 nim. Thizs Z D ~ J  Iirtoe 
not hccn cihle to (JPrnonstratc ciny iiiflirencr on thc po.sition of t h e  

18 - ilcttr Odont .  Srrcntl. Val. 20 



252 GEIlD TIIYDE, O\'E FHYDI<NREII(i AND NIELS BRILL 

Table IV 
S50-ociliies (in mm)  from fen siihjecfs. 

0.035 
0.028 
0.015 
0.02 3 
0.014 
0.010 

(<0.010) 
C < O . O l O )  

0.016 
0.01 7 

1 
2 
3 
4 
) 

6 
7 
8 
!) 

1 0  

0.033 
0.01 7 
0.012 
0 .oa 3 
0.015 

0 .oa 5 
0.012 
0.023 
0.015 

(<O.OlO) 

0.0180 I 0.0185 

C 

0.023 
0.01 4 
0.013 
0.018 
0.0 16 
0.013 
0.016 
0.022 
0.017 
0,031 

0.0183 

sensibility c i i r w  of fc .sf ing thv pc'rson I l i i f h  f (>n rrdditionfil tfiirien- 
sions cwch consisting of tincnty trirrk. 

Nor does the I3 series of sensibility curves reveal any consistent 
difference I'rorii the A curves. In  this case, six of the S,,,-v:ilues 
froin series A exceed those from series 13 which again is not 
significxnl. I t  should be noticell that in five cases o f  the  seven, 
which :illow an  exact comp:irison, the ntinierical difference he- 
tween the S,,-values is 0 .003  riini or less. Though no ahsolute 
estini;ite of's,, can be derived f r o m  one series o f  three persons, i t  
can tie dernonslr:ited from the d:it:i Lh:it 0.003 mm is il nwxiiiiiiiii 

esli1n:ite o f  the :iver:ige difference and th:iL 0.002 nirn i s  :I mini- 
muin estimate of the stnnt1:ird error of the average difference. As 
the iiiasini:il estiimite of the :iver:ige difference is less than twice 
the minimal eslirnate o f  the s1ancl:irtl error, we can deriionstr:ite 
no diflerence betmeen the two series 01' sensibility curves. 

Coiic./iisions: \Ye feel s:ife in concluding th:il the sensibility ciirves 
:ire to :I surprisingly large degree intlependenl both of the numher 
of ~ne;isurenients carried out before the critical region is re:iched, 
:in11 of l h e  order in which the tlifl'erent dimensions :ire tested. 

Thc sfrintIrrrtf error o /  rrn ,Ss0: It reinains to  estiinate the standard 
error of the individa:il S,,-values. As n o  consislent clill'erences 
have hecn denionstrated among series A, 13, :inti C a n  estim:ite of' 
the v:ir-i:ince o f  the  S,,-v:ilues can lw c:ilctilaterl for each subject. 



TACTILE SENSIBILITY IN H U M A N  TEETH 253 

For subjects 6, 7,  and 8 only minimum estimates can  lie derived 
because only ;in upper limit f o r  the S,, can be derived in  one of 
the series. The variance estimnles vary from 1 x 10-6 mni to 
76 x ~ i i m  corresponding to :i range in  standard clevis '1 t' ions 
from 0.0010 inni to 0.0087 mni, all estim:ites being based on two 
degrees of freedom. There is :I rather strong indication that the 
variance increases consir1er:ibly with S,, even within the n:irrow 
range of S,,-values observed in this investig:ition. However, the 
figures are  too few to give :I more exact impression of the rela- 
tion between S,, and its wriance.  

For the time being the best we can do is to c:ilcul:ite the average 
v:iri;ince in the observed range and in this way we obt:iin :I mini- 
m t ~ n i  estiniate of the variance equ:il to 30.45 x lo+ nim cor- 
responding to :I st:tntl:trt? t1evi:ition of 0.0055 111~11. Paying due 
tribute to the unpretentious n:iture of this estininte we conclude 
that the true value o f  :I person's S,, is probably to he found within 
:I range of * 0.015 m m  on both sides of the observed S5,. 

The esperimen1:il conditions o f  the method descrilietl require 
that  the subject is presented with the task of distinguishing be- 
tween two sensations: (1) the usu:il sens:ition of his teeth when 
he occludes, and ( 2 )  the sensation arising when he hites upon 
the strip. 

Sclpcf ion (of srtbjcct .s:  Considering that  the xirn of  this investiga- 
tion hiis prirn:irily heen to scrutinize our esperimental method, 
we 1i:ire found i t  suitnble to select subjects whose intelligence 
ensured cooper:ttion and who had g m l  n:ittir:il dentitions in order 
h i t  oiir rnethotl cotiltl he checked a t  low sensibility levels. 

Z:'.rpc~riniPiii.riI sitrrn.tion: In 'I'heil's method :I test person is not 
subjected lo a n  ~in:i~nibigous esperinien1;il situation. He m:ty he 
sulijectetl to different conditions: ( 1  ) :it any one iiioinenl lie may 
feel conhct  between teeth and wire, ( 2 )  he may feel :I continuous 
contact produced by grinding the teeth on the  wire and ( 3 )  if he 
bites more tlian once on the wire he may feel a succession of 
contacts. 'I'hese varying esperimenl:tl conditions :ire liable to 
produce different  thresholds. 11 is well known from studies of 
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cut:ineous t:iclile sensibility that  niomen1:iry stiriiulation 1x1s a 
higher threshold than  succssive stimulation ( / : re! /  & Jlefzner ,  
1902 ) . 

The method :IS niorlified 1)y Hollstein sixired the su1)jec.t the 
search for the wire and thus seeinerl to give the possihility of :I 

inornent:iry stituiilation only. However, ;is st:ileti by l<:iwatiiur:t 

the fine wires a re  easily bent. l-'itrtherrnore we w o ~ i l d  poin t  ou t  
th:it :I wire with :I circular cross section, pl:iced hetween two 
curved surl'nces m:iy easily tilt  or roll ,  l h u s  m:iking i t  iiiipossihle 
to es1al)lish whether  n1onient:iry o r  successive stiiiiu1;ition has 
t:iken p1:ice. A flat strip, pl;icerl Iletween ~ l l  defined :Itlrilionul 
facets, is thought to minimize the risk o f  successive stiniulation 
d u e  to Lilting o r  rolling, and thus provide :I more re1i:ihle source 
01' stirnulus. 

Prcviuus melhorls o f  studying t:iclile sensi1)ility of hun1:in teeth 
such ;IS those o f  T'lwil ( 1831 ) and Hol' l s f ( . i i i  ( 1992) helong to Ihe 
category o f  "hlethods of  Ixast  Noliceahle SLirnuli" \\'oodzuorth 
& Schloshrrg ,  1960 : I ) .  The principle 01' these methotls is  th:it the 
1 e:i st t i  o t ic e :h  I e s t  i in u I 11 s is reg:) r d ed a thresh o 1 d v:i I u e. 

The present p:iper is ;I report ol' :in investigiition h s e d  o n  one 
o f  the  so-c:illerl "l+'rerIuency Methods" ( \\'oodzvor/h & Sclilosh(,rg, 
1RM) h ) .  1nste:itl o f  :ipplying the concepts of upper and lower 
absolute thresholds :is definerl i n  the test, :I suhjecl i s  ch:ir:ic- 
terized hy his j 0  per cent  sensibilily threshold. 

'I'he tiwthoil has heen :ipplietl l o  ten selected su1)jects yielding 
n l )  per cent sensibility thresholrls v:irying from less t1i:in 0.010 
i i i i i i  to 0.035 i u i i i .  I t  is demons1r:tted 1h:tt the sensibility thresholds 
obtained by the method are largely inrlependent ol' the total 
nutiiber o f  stiniuli, and :ilso of the order (:iscentling or tlesrentl- 
ing)  in which these :ire presented to  the sul),jects. 

r3lisr~ar k 
MESURE DE LA SENSIBILITa TACTILE DE LA DENT HUMAINE . 

\'1I,KIrH D'L'NE MBTH0I)I': QL~AX'~ITATIV€C.  

Les iii6thodes ant6rieures pour Ctudier 1:1 sensibiliti. tactile de 
la dent  huui:ii~ie, tels (pie celles de T/it,il ( 1 9 3 1  1 et H o l l s t r i n  
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(1932) appr t i ennen t  ii la catbgorie des ”Mi.thodes du plus petit 
stililulus perceptible” ( Woodruorfh 6 Schlosherg, l!)(io a ) .  1,e 
principe de ces mdthodes est clue le plu.; petit stiniulus perceptible 
reprbsente une valeur de seuil. 

Le pri.sent article rend conipte d’une dtude b a s k  sur une des 
inPthodes appelees ”MPtliodes des frdquences” ( Woodoiorth cC- 
Schlosh~rg,  1S60 11) .  Au lieu d’employtr ia conception de seuils 
supdrieurs et infdrieurs ahsolus tels qu’ils sont dbfinis dans le 
texte, on cxractkrise un sujet par son seuil de sensihilitd it 50 
pour cent. 

Cette inkthode :I kti. applicpde h dix sujets s6lectionnds 111-6- 
sentant des  seuils de sensihiliti. h 50  pour cent :illant de moins 
de 0,010 i n t i 1  h 0,035 niiii. II est mis en  kvidence clue les seuils de 
sensibiliti. ohtenus par cette nii.thode sont tlans I’enseiiible indP- 
pend:ints du  nonibre total de stimuli, iiinsi cpe  de l’ordre caseen- 
dant  ou descendant) &ins lequel is sont prdsentds aux sujets. 

T 4C’V I LK S P:N S I H I I.IT Y I iY I 1  U M A  N 

EINE BEURTEILUNG DbS TASTVERM(jGENS UEI; MENSCHLICHEN ZdHNE:. 
1 3 1 3 N T I l ‘ ~ ~ 7 N G  E I N W  Q ~ A X ‘ H T A T I I ’ E N  h lKTH0I )E .  

F r ii h e re Method e t i  zu r U n t e r su cli u ng d e s T : i  s t ve r in iig e n s d e r 
iiienschlichen Ziihne wie diejenigen von Theil ( 1931 ) und 13011- 
stein ( 1932) gehiiren der Kategorie von ”hfethoden zur Fest- 
stellung von ehen nierklichen Reizen” :in ( Woodworfh k Schlos- 
berg, lWi0 :I). I3ei diesen Methoden wird den1 eben merlilichen 
Reiz ein Schwellenwert zugeschriehen. 

Die vorliegende Untersuchung griindet sich :iuf eirie soge- 
nannte ”FreclUenz-Metliode” (Wootlrrwrfh LC- Schlosherg, 1960 11 ) . 
Eine Person wird nicht durch absolute ohere oder untere Schwel- 
lenwerte, die iin Text besprochen sind, charak terisiert, sondern 
durch einen Reizschwellenwert von 5 0  prozent. Der \Irert wird 
Sjo genannt. 

Zehn Versuchspersonen, die nach dieser Methode untersucht 
wurden, ergaben obigeni Prozentsatz entsprechende Schwellen- 
werte, die zwischen 0,010 nitn und 0,035 ni in lagen. Es wird nach- 
gewiesen, dass die nach dieser Methode gefundenen Schwellen- 
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werte sowohl von der totalen Anzahl der Reize als auch von der 
Art ihrer VerahfolgunS bei auf- und absteigeiider Stlrke viillig 
unahhangig sind. 
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