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A b s t r a c t  Inter-observer variations in the registration of 
dental age-related characteristics have not previously 
been studied. Examination and registration were made by 
6 dentists with varying experience in age estimation. A total 
of 13 age-related dental characteristics in 30 teeth extract- 
ed from adults were assessed macroscopically, by stereo- 
microscope and from radiographs. The measurements were 
analysed in a microcomputer, using the SPSS/PC+ statis- 
tical package. The results showed that, except for the score 
on surface roughness, significant differences were found 
between some of the observers for all types of measure- 
ments, when a paired t-test analysis was made. The corre- 
lation coefficients between the observers varied and were 
rather weak for the surface roughness score. The study re- 
vealed systematic differences among the observers as well 
as differences in interpreting the definitions of the scores for 
the different parameters. Thus age estimation using statis- 
tical methods is seen to be dependent upon the experience 
of the individual observer and interpretation. Care should 
therefore be taken not to rely too much upon the results of  
an odontological age estimation. The possible implica- 
tions of these results for forensic work are also discussed. 
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Z u s a m m e n f a s s u n g  Subjektiv bedingte Bewertungsun- 
terschiede zwischen verschiedenen Untersuchern bei al- 
tersabhfingigen Zahnver~inderungen sind bisher noch nicht 
untersucht worden. Die Untersuchungen und Aufzeich- 
nungen wurden von sechs verschiedenen Zahn~rzten mit 
unterschiedlicher Erfahrung in der Altersbestimmung durch- 
gefiihrt. Dreizehn altersabhfingige Kriterien wurden an 30 
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extrahierten Z/ihnen von Erwachsenen makroskopisch, ste- 
reomikroskopisch und radiographisch untersucht. Die MeB- 
werte wurden mit einem Mikrocomputer unter Anwen- 
dung des Statistikprogramms SPSS/PC+ analysiert. Die 
Ergebnisse zeigen, dab auger ftir den Wert der Oberfl/i- 
chenrauheit, signifikante Unterschiede zwischen den MeB- 
werten der einzelnen Untersucher, ermittelt mit Hilfe des 
gekoppelten t-Tests, auftraten. Die Kon'elationskoeffizi- 
enten zwischen den Ergebnissen der einzelnen Untersu- 
cher variierten und waren beim Wert der Oberflfichenrau- 
heir am geringsten. Die Studie zeigte Differenzen in der 
Systematik der verschiedenen Untersucher und in der In- 
terpretation der Definitionen altersabh[iginger Parameter. 
Somit ist die Altersbestimmung mit Hilfe statistischer 
Methoden stets v o n d e r  Erfahrung und Interpretation ein- 
zelner Untersucher abh~ingig. Daher sollte der Wert einer 
odontologischen Altersbestimmung nicht tibersch~itzt 
werden. Konsequenzen dieser Studie ftir die forensische 
Praxis werden diskutiert. 

S c h l i i s s e l w 6 r t e r  Forensische Odontologie • 
Altersbestimmung - Zfihne • Radiographie - Microskopie 

Introduction 

In forensic odontology, remaining teeth may be used to 
establish identity. This is especially the case when only 
skeletonized remains of a deceased person are found. Sev- 
eral studies have demonstrated that dental characteristics 
are well suited for this purpose [1-3]. Regressive and/or 
pathological changes, such as periodontal disease, cemen- 
tum apposition, root resorption and/or secondary dentine 
formation, may be basic elements for odontological iden- 
tification. Furthermore, physiological changes like attri- 
tion and increasing root translucency can help in estimat- 
ing the age of a person at the time of death as an indicator 
of  identity. The ability of these parameters to aid in age 
estimation of a deceased person have mainly been ana- 
lysed on sectioned teeth. However, unsectioned teeth have 
also been radiographically and macroscopically studied. 
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T e c h n i q u e s  fo r  e s t i m a t i n g  the  a g e  o f  a p e r s o n  m o s t l y  

p r o v i d e  s e m i - q u a n t i t a t i v e  a s s e s s m e n t s ,  b u t  a re  s t i l l  m e t h -  

ods  o f  c h o i c e  [ 2 - 5 ] .  T h e i r  s e m i - q u a n t i t a t i v e  c h a r a c t e r  im-  
p l i e s  t h a t  d i f f e r e n c e s  in  s co re s  b y  v a r i o u s  o b s e r v e r s  m a y  

occur .  So  far,  n o  s y s t e m a t i c  s t ud i e s  h a v e  b e e n  p e r f o r m e d  
fo r  a n a l y z i n g  t he  v a r i a t i o n  b e t w e e n  d i f f e r e n t  i n v e s t i g a t o r s  

in  r e g i s t r a t i o n s  o f  a g e - r e l a t e d  c h a n g e s .  T h u s  t he  a i m  w a s  

to p e r f o r m  s u c h  a s tudy,  in  o r d e r  to  e v a l u a t e  t he  v a l i d i t y  

o f  e s t i m a t i n g  the  a g e  o f  i n d i v i d u a l s  b y  m e a n s  o f  d e n t a l  
c h a r a c t e r i s t i c s .  

subprogram Descriptives was used to calculate the mean and stan- 
dard deviation for each variable and each observer. The subpro- 
gram Correlation was used to calculate the correlations with age, 
and the measurements were compared for two of the observers 
with paired t-tests using the T-test subprogram. The Pearson's  cor- 
relations with age for each set of observations were 'also calcu- 
lated. Finally the number  of paired t-tests resulting in a signifi- 
cantly different mean observation at the level of P < 0.01 for each 
parameter was counted. The total number  of paired t-tests for each 
parameter was 15. 

Results 

Material and methods 

Thirty teeth extracted from individuals of known age were exam- 
ined, the mean being 54 years (range 10-90 years). The teeth were 
maxillary and mandibular canines and premolars from the tooth 
collection in the Department of Oral Pathology, Oslo. All the teeth 
had been extracted from a Caucasian population in the State of 
Washington, USA, and in Norway. The teeth had been stored in a 
4% formaldehyde solution. 

Examiners 

The teeth were examined by 6 dentists with varying experience 
(1-20 years). Three were oral pathologists, one an oral radiologist, 
and 2 dental practitioners. All the examiners had previously been 
involved in forensic work and had experience assessing an indi- 
vidual 's  age from teeth. 

T h e  r e su l t s  f r o m  the  m a c r o s c o p i c  a n d  s t e r e o m i c r o s c o p i c  

o b s e r v a t i o n s  are  s h o w n  in  T a b l e  1 g i v i n g  the  m a x i m u m  

a n d  m i n i m u m  v a l u e s  o f  t he  m e a n  b e t w e e n  the  o b s e r v e r s .  

T h e  s t r o n g e s t  c o r r e l a t i o n s  w i t h  age  w e r e  f o u n d  fo r  a t t r i -  

Tab le  1 Macroscopic and stereomicroscopic scores of measure- 
ments made on 30 unsectioned teeth. The range of the mean be- 
tween the observers and the units of the measurements are given. 
The range of Pearson's  correlation (r) with age and the number  of 
paired t-tests which showed a significant difference between pairs 
of observers are given (n = 15) 

Attrition 

Microscopical and visual examination Johanson: 
Area: 

The attrition was analyzed according to a scoring system [2]. The Perio. fibres 
size of the attrited facets was measured using a stereomicroscope Mean 
with a grid with an accuracy of 1.0mm 2 [6]. Using a pair of vernier 
callipers with an accuracy of 0.1 ram, the periodontal retraction Translucency 
was measured from the cemento-enamel junction to the uppermost (n = 4) 
coronal remaining periodontal fibres on 4 root surfaces, and the Length: 
mean value was calculated. The length of apical translucent den- 
tine was measured with a pair of vernier callipers with an accuracy Surface 
of 0.1 mm, as described by Bang and Ramm [4]. The root surface SRS: 
was studied under a stereomicroscope and scores of the surface 
roughness were determined after comparison with stereopho- Colour 
tographs of the typical scores 1-4 [7]. The colour of the crown was Biodent: 
estimated in terms of a Biodent colour guide and the colour of the Score: 
root dentine according to a scoring system [8]. 

Range of Range 
of r 

Mean Unit 

t-test 

2.5-3.3 score 0.6-0.8 4 
5.5-9.0 square mm 0.5-0.8 3 

4.5-7.0 mm 0.1-0.5 7 

4.9-6.9 mm 0.4-0.7 0 (n = 6) 

2.3-2.7 score 0.2-0.7 0 

- scale no. 0.2-0.6 - 
1.8-3.3 score 0.4-0.6 7 

- not applicable 

Radiographic examination 

The teeth were radiographed in a vestibulo-lingual projection at 60 
kV and with 20cm FSD (Focus Skin Distance) the teeth being 
placed in close contact with the film. The exposure time was 0.3 
seconds and the film used was Kodak Ektaspeed R. Each radi- 
ograph was coded and mounted in a plastic frame. The following 
parameters were assessed from the radiographs: secondary den- 
tine, assessed according to the scoring system described by Johan- 
son [2]; the tooth and pulp width measured at cemento-enamel 
junction in the stereomicroscope using a measuring eyepiece with 
an accuracy of 0.1 mm; the length of the whole tooth, the pulp and 
crown pulp, measured with a pair of vemier  callipers with an ac- 
curacy of 0.1 mm. 

Statistical analyses 

Statistical analyses were performed with a Sanyo MBC-15 plus 5 
microcomputer, using the SPSS/PC statistical program [9]. The 

Table  2 Stereomicroscopic scores and measurements made on ra- 
diographs from 30 teeth. Variations o f the  mean between observers 
and the unit of measurement are given. The variation in the Pear- 
son correlation (r) with age and the number  of paired t-tests which 
showed significant difference between pairs of observers are given 
(n = 15) 

Secondary Range of Range 
dentin of r 

Mean Unit  

t-test 

Johanson 3 .4-  4.2 score 0 .2-  0.6 - 
Root width 4 .1-  5.2 mm - 0 . 2 - - 0 . 4  4 
Pulp width 0 .3-  0.5 mm - 0 . 2 - - 0 . 6  1 
Tooth length 22.2-23.2 m m  0.2-  0.3 4 
Pulp length 15.4-16.4 mm 0.2-  0.3 3 
Crown pulp length 0 .6-  1.5 mm 0.2-  0.5 2 

- not applicable 
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tion scores of Johanson [2] and were slightly weaker for 
the area of attrition measurements. The t-tests however, 
demonstrated that 4 pairs of observers had set scores 
which were significantly different from each other. For 
the retraction of the periodontal attachment the correla- 
tions with age were not found to be significant by some 
observers but 7 pairs of  observers had also made signifi- 
cantly different measurements. Disappointingly, the colour 
score also significantly differed for 7 pairs of observers. 

It was noted during the examination of the measure- 
ments and scores that the degree of precision varied con- 
siderably between the observers. There was a particularly 
large variation in measuring the attrition area under the 
stereomicroscope. Two observers had misinterpreted the 
instructions and estimated the length of the transluscent 
zone in the scores of Johanson [2] and these were omitted 
from the Table. The colour measurements were also diffi- 
cult, as some observers had employed not the complete 
Biodent scale but only the colour shades related to the 
scores. Some of the observers replaced the scores by colour 
scales which had to be translated to the corresponding 
scores. 

The measurements on the radiographs are shown in 
Table 2. No great mistakes in interpreting the type of mea- 
surements were revealed, and the measurements did not 
seem to have such great individual variation as those ob- 
tained directly from the teeth. Apparently, some observers 
had not fully used the advantage in accuracy that can be ob- 
tained by applying a measuring eyepiece. Except for the 
secondary dentine scores of Johanson [2], the measure- 
ments were obviously related to age. For all registrations 
the results of  some observers showed no statistically sig- 
nificant relationship to age. It was amazing that the results 
indicated that the tooth and pulp length increased with 
age. The t-tests revealed that one or more pairs of ob- 
servers deviated significantly from each other. 

Discussion 

It may be argued that the material might preferably have 
consisted of the same type of tooth. However, the aim of 
this experiment was to study how the instructions were 
acted upon and the variation with which scores and mea- 
surements were taken. Although several statistical meth- 
ods exist to compare the concordance of 2 sets of paired 
observations, these are mostly correlation tests [9]. The 
coefficients may tell whether there is any concordance be- 
tween the observations and, if so, to what extent. In this 
study there would always be a positive correlation, but the 
problem may be whether the differences in registrations 
are due to systematic differences in how the instructions 
are interpreted and how the scores and measurements are 
made. For this purpose a paired t-test may be most ef- 
ficient in demonstrating systematic differences, even 
though the correlation between the results may be strong. 

The observers, although not a homogeneous group, 
should all have had some experience in microscopy and 
'~ith scientific work in general. One could have expected 
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that they would have examined and followed the instruc- 
tions more closely. In addition, published papers dealing 
with the technique could have been made available for the 
observers. However, it is a well known fact that people 
tend to make their own modifications in procedures which 
may even be an improvement, but in this study the modi- 
fications had negative influences and in some cases re- 
sulted in results which elude comparison. 

Attrition was found to be the factor most closely re- 
lated to age both for the scores and the area measure- 
ments. However, systematic differences between the ob- 
servers were encountered for both types of quantitative 
estimate. It has been claimed that measurements are more 
objective than scores [4], but this investigation does not 
support that view. 

Periodontal recession had a rather weak correlation 
with age. The same was found in another study, where it 
was shown that logarithmic transformation of the data 
were more closely related to age [5]. More unexpected 
was the high number of  persons, 7 pairs, making system- 
atically different measurements. Unclear demarcation of 
the uppermost coronal periodontal fibres may be one rea- 
son for this. 

Translucency was one of the few factors where no sys- 
tematic differences were found between the observers, but 
that was after the results from 2 of the observers were re- 
moved, as they had assessed this factor in a scoring sys- 
tem. The correlations with age were, however, weaker 
than that found by Johanson [2] for all teeth. 

Root resorption has not shown statistically significant 
correlation with age, however surface roughness has, but 
the reproducibility was not found to be good [7]. It is sur- 
prising that this study did not reveal any systematic dif- 
ferences between the observers. 

Colour assessments resulted in much weaker correla- 
tion with age than was found in another study [8]. The 
main reason for this might be different interpretations of 
how to assess the colour and the use of the scale. It indi- 
cates that caution should be used in the inclusion of colour 
in methods of age estimation. I f  it is included, an accurate 
reproduction of the scoring method is important. Further- 
more, the differences might partly be explained by differ- 
ences in the lighting conditions. 

Radiographs of single teeth have not found much use 
in the practice of age estimation. The need to preserve the 
material in an unsectioned state, especially in archaeolog- 
ical collections, renders radiographs most valuable for as- 
sessing the size/shape of the dental pulp. This may also be 
so in forensic cases where it is important for religious and 
cultural reasons that the material is not damaged, and in 
cases involving living persons. A method for this has been 
presented [10] and work is in progress in the Scandina- 
vian countries in the same direction [11]. 

The information on radiographs was used to assess the 
size of  the dental pulp in addition to measuring the length 
and width of the teeth. Even though the variations in the 
mean between the observers was not significant in the 
measurements, in the visual examination of the teeth the t- 
test indicated systematic differences in some cases. One 
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reason for this may  be  that for some observers  the mea-  
suring accuracy was 1 mm,  whi le  others used  the neares t  
0.1 mm.  

A rather  large in ter -observer  var ia t ion in the assess-  
ment  of  impor tant  var iables  used  in age es t imat ion  has 
been  revealed ,  suggest ing that care should be taken not  to 
re ly  too much  upon the results  of  one single observer.  Of  
course the corre la t ion of  the parameters  with age that has 
been  demons t ra ted  m a y  be  true enough,  but  age es t imates  
using certain methods  m a y  not  be as re l iable  as the statis- 
tics indicate.  

This  study indicates  that an inexper ienced  forensic  
odontologis t ,  who m a y  want  to use age es t imat ions ,  m a y  
f ind diff icul t ies  in fo l lowing  the instruct ions for the 
method.  It would  be advisable  to fo l low a prac t ica l  course 
and try the method  under  the supervis ion  o f  an exper i -  
enced forensic  odontologis t .  Unti l  more  persona l  exper i -  
ence is acquired,  one should be  caut ious  in the interpreta-  
t ion of  the ca lcula ted  age f rom dental  characteris t ics .  A n  
inves t igat ion with this des ign  may  serve as an assurance 
o f  qual i ty  in forensic  procedures .  The var ia t ion in the re- 
sults shows the impor tance  of  obta ining a second opin ion  
as an in tegrated par t  of  the work.  

Conclusions 

Using the same methods  and instructions,  different  exam-  
iners may  obta in  s ignif icant ly  different  results  in calculat-  
ing the age f rom a tooth. Sys temat ic  dif ferences  be tween  
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examiners  might  be due ei ther  to scores being interpreted 
different ly or to def ini t ion of  area/ length  measurements  
not  being suff icient ly clear. Unsys temat ic  dif ferences  be-  
tween  examiners  could  be due to vague  defini t ions of  
scores or to b lur red  edges  of  the area/ length measure-  
ments.  
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