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Age estimation by Gustafson’s method and its modifications

Amandeep Singh Salariya, R K Gorea*

Abstract : Lstimation of the haonan age is @ procedure adopted by anthropologists, archaeologists ind forensaic
scientists. Different facturs huze been sused for age estimation bul none has withstood the fest of fime for wduﬂsaww
25 years, Since 1950 the g:.s!aﬁ.m method is aeced by many researcher, in its original form or after its

lo estimate age of @ person wsing fueth, We reviewed such studies on age estimation which used the gustafson
melnod or its modifoation to calcudate the age from testh of the person. Also we reviewed the development and
madification of Gustafson’s method and sarious new formulae devived by the different researcher over the tine.
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INTRODUCTION

Lstimation of the human age is a procedure adopted by
anthropologists. archaeologists and forensic scientists.
Different factors have been used for age estimation but
none has withstood the test of time for adults above 25

years!,

Teeth in many ways form a unique part of human
body e.g. they are most durable and resilient part of the
skeletan. “Forensic Odontology is a branch of
udontology which deals with the proper handling and
examinalion of dental evidence and with proper
evilualion and presentation of dental finding in the
interest of justice™. Amdedo, who has been called the
father of Forensic Odentology incorparate many of the
concepls of dental identification of the bazaar fire into
the text, “ T Art Dentaire en Medecine Legale”, published
in Frendh in 1898 It has now been clearly established
that Jdenlal evidence can be invaluable in personal
identification and criminalistics, In the eyes of most law
enforvements sgencies and courts, itis valid and reliable
method, ranking favourably with other methods of
wimparison such as fingerprints and blood grouping
procedures®,

Although, Forensic Odontology is a relatively small
specialty, has been utilized for many years especially in
establishing identity. The first reported crime in the
history of mankind was solved when bite marks were
discovered in the remains of the forbidden fruil in the
Garden of Eden and identified as those of the Adam and
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At no time during life of an individual is a tooth
unit static. It is constantly undergoing changes of ane
sort ar another e.g. eruption, tilting or even lateral
movement through jaw. The epithelium of mouth on
crown of teeth also moves rovtwards. Other changes
which are appreciable with increasing age are attrition,
peridontal disease, deposition of secondary dentine, root
translucency, cementum apposition, root resorption,
color changes and increase in root ronghness, By taking
in consideration these secondary changes in teeth with
advancing age various studies were done fo estimate
the age of an individual. Such research has resulted in
multifactorial methods that help in age estimation.

The amount of abrasion of enamel lissue, the
shrinkagu of pulp tissue, and the appasition of cementum
tissue layers around the root struclure was found 1o be
in direct proportion with dental aging®.

From the teeth along with the estimation of age, the
sucial status of Lhe deceased persons may be found out
from the dental restorations of the dental remains, and
also may be aproximately dated. In 900 BC, inlays of
jade and turquise were made for the purpose of
decoration in Mavan culture”.

In this, we have reviewed various studies on ape
estimation using teeth and varivus changes occuring in
teeth with age since 1950, Also we reviewed the
development and modification of Gustafson’s methad
and the various new formulae denvexd by the different
researcher over the time
Gustafson's method
Gustafson in 1950° was first to note the morphological
changes in the structure of teeth that can help in age
estimation of an individual. These were atlirition,
perindontosis, secondary dentition, cementum
apposition, root translucency and root resorption. Teeth
were grinded using two carborundum, rough and ather
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smoath. On microscopic examination, he awarded a
score of 0-3 based upon visual severity of changes and
estimated age. Scores were calculated and they plotted
graph of known age Vs score calculated and regression
equation was deduced. The regression formula derived
from his vbservalion was: Y = 3.52 X + 8.88 (X = Total
Score and Y = Estimated Age). Guslaison established
that the difference between calculaled age and real age
would not exceed +-3.6 years in 33% of cases, +/- 7.3
years in 4.5%cases, +-9.1 yeans in 1% of cases and -
10.9 years in (.3'% cases.

Various studies done later using Gustafson method or
its modification: Bang and Ramm in 1970” used one
physiological factor i.¢. root dentine transparency in
their study and recorded that this change with the age
can be used for age estimation. They found a mean crror
of estimation of + 4.7 years in 58% cascs and = 10 ycars
in 79% of subjects.

Johanson' in 1970 also used same six crileria as
used by Gustafson but instead of 0-3 he used saven bands
to each factor and found that error was less as compared
Lo previous studies.

Pillai and Bhaskar in 1974 studiad 83 anterior teeth
collected from 59 cases (36 males and 23 females) and
recorded physiclogical changes in tooth with age and
comparison of these changes in males to that in females.
Score was valculated and Ihey plotted graph of known
age Vs score and regression equation was deduced Y=
5.34 X — 4.08, They also found that the six factors used
by Gustatson were age relaled variable but there was

" no significant relation with the sex of the person. They

found that chewing habits exposed the teeth and
surmunding tissue for degenerative changes thus giving
rise to higher point value although study proved that
whether vegetarian or non-vegelarian doesn't seem o
influence the age changes in and around teeth.

Vieek" in 1977 used modification of Custafson’s
method in estimaling individual age accerding to the
state of teeth i prehistoric bone material. I'our markers
were ascertained on thick sagitlal section of single root
tecth in pre-historical material: Degree of dental
abrasion (Attrition), Secondary dentine deposition,
cementum apposilion and dental apex resorption, with
score ranging from 0-3 points. By using this method he
estimated he ages of Czech rulers from their dental
remains with range of +/- 3 vears. His modification made
possible for anthropologist and Forensic experts to use
histological section of Guslalson section in estimating
the age buth in pre-hislorical and in recent bone material,

Maples” in 1978 improved multiple regression
analysis in improvement of age estimation from acult
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human leeth. Ha found that not only the estimates were
more precise but also involving fewer variables usad in
Gustafson’s method, decreased the probability of
chserver error. He found that there was consistent
evidence that the second melar was the best to
use for histological aging techniques. The reduction in
variables to just secondary dentine and roal
transparency has also resulted in technigue that can be
used with some confidence in populations other than
the one sampled.

Maples and Rice" in 1979 found that although
Gustafson’s method was a significant contribution to
forensic identification but many statistical errors were
present in the published articles, It was improved and
new formula was found using multiple regression
techniques. Formula derived was ¥ = 4.26 X+ 1345 (X =
Total Score and Y = Estimated Age), (r=0.912) and valuc
of errar as +/-7.03 yeara,

Solheim and Sundnes'™ in 1980 compared methods
ot Gustatson’s, Bang and Ramm, Miles, Johanson and
Dalitz in addifion to visual examination of un-sectioned
teeth. They calculated the mian erroras well asstandard
error tor estimating age by noting the factors in the teeth
changing with age. They found that all methods resulted
in largest number of over cstimates of age were in teeth
from persons below 40 years and that too in teeth fram
males. They also found that there was overestimate of
age by these methads when the teeth laken into
consideration are from maxilla or extracted from
corpses. Lnderestimation of age from these formulas
was tound in the cose of teeth from persons above 50
years.

Whittiuker™ in 1932 reviewed various method of age
estimation and found that beyond young adulthood the
age estimalion becomes difficult. They found that
Gustafson’s method was quite satisfactory in estimation.
It was sugpested that most sensitive indicator of age
estimation is the degree of development of translucent
dentine at the apex.

Singh and Mukerjee” in 1983 used same Custafson’s
six crilerias ol secondary changes in the in clderly
peraon and conducted study using one central incisor,
one canine and one premolar in total of 150 cases out of
which 114 males and 36 females. So, in all 450 teeth were
studied. They ranked these foctors 0 to 3 score and
calculated the age using this score, In 61.3% of total cases
studied the error came out w0 be 4 vears, 27.3% cams
error was 5-7 years and in 11.4% cascs crror came above
7 years. The regression equation computed by was Y =
.26 X —f (where X - Total Score and Y = Estimated Age].
They found that error in vstimation using this study

13




Selariyn ard Cares

Was found +/- 4.9 years as compared to +/- 3.63 vears
from Custafson’s method.

Solheim® in 1989 studied the apical translucent
zone in 1000 human teeth. For each type of tooth,
excluding molars, the size of the apical transhacency was
estimated according to the scoring methods of
Gustatson, Dalitz & Johanson. The lengths of the
translucent zones were measured on moist and then on
dry teeth, both un-sectioned and sectioned, while the
areas were measured on dry sectioned teeth only.
Statistical analyses using the SPSS package in a Cyber
computer indicated a symmetric distribution of the
translucent zone in left and right teeth. The extent of the
translucency showed litlle variation from one type of
tooth to another. The length of the translucent zone
measured on un-sectioned teeth demonstrated in most
types the clasast relation to age. Multiple regression
analyses, including more than one method of measuring
the size of the translucent zone, resulted in formulas
showing a high correlation with age (from 0,68 to 0.86).
Slightly larger translucent areas were found in tecth
from males, in darker teeth and in teeth with increased
thickness of the cementum, The increase in the
translucent zone with advancing age was found to be
almost linear and was not affected by periodontal
destruction,

Santini, Land and Raab* in 1990 measured the
amount of tooth wear {one of the faclors used by
Gustafson) using the Brathwell chart based on the Miles
method of ageing. They evalualed the accuracy of simple
nrdinal scoring in recarding toath wear and ageing
skulls. A group of Chinese skulls of known age at death
was used. The age range was from 16 fo 60 years A
single scare per malar tonth was used to record veclusal
wear. The dala were analyzed by regression methods
using BMDP stalistical soflware. The results showed
that molar tooth wear continues throughout the life of
Lhe individual. The first molar weth weanr sigoificantly
more quickly than do second maolar teeth, Use of a simple
ordinal score method for recording wear gives an
inaccurate estimate of an sndividual skull’s age at death
with a very wide 95% confidence interval,

Solheim" in 1990 examined various ways of
measuring cementum thickness, studiad its relationship
with age, and considered what contribution this factor
offered in methods for age estimation. The amount of
dental cementum apposition was studied in 1000 teeth,
excluding molars, fraom a Caucasian population,
Cementum thickness was eslimaled according to the
scoring methods suggested by Gustafson and by
Johanson. In addition, the width of the cementum was
measurec at the apex and also al approximately one

third of the root length from the apex. Statistical analyses
using the 5I'SS in a Cyber computer indicated a
symmetric left/right distribution of cementum
thickness, The sum of the cementum thickness on
vestibular and lingual surfaces, measured at one third
of the ruot length from the apex, showed the strongest
correlation with age (r =040 to 0.65). A reduced rate of
cementum appusition was observed in the elderly. Also,
maxillary teeth had more cementum on the lingual than
on the vestibular surfaces. A tendency was noted for
less cementum to oocur in women than in men and on
teeth removed from deceased persona or extracted for
pathologic reasons. Correlation coefficients indicated
thal, for at least sume types of teeth, the cementum
thickness might give a significant contribution to
statistical methuds of age assessment.

Drusini, Calliari and Volpe in 1991 studied root
dentine transparency (RDT) was used o estimate the
ages of human subjects from 152 intact teeth. Teeth were
from 134 subjects, buth historical and recent, of known
age and sex. Instead of only visual method of scoring
done in Gustason's method, they measured RDT by two
techniques: 1) computerized densito-metric analysis and
2) vernier caliper. Age cstimations based on
compulerized densito-metric analysis were na more
accurate than were those determined by caliper
measurement; bath give a predictive success of +/- 5 years
in aboul 45-48"%, of cases for premolars. The television-
based digilization aystem has sume disadvantages: It is
expensive, not portable, and requires some training Lo
use. However, it fumishes a more standardized method,
a rapid graphic illustration of the results, and an
immediate storage of statistical information for future
use.

Richards and Millar* in 1991 studied the teeth wear
scores only (ratios of expesed denlin 1o lotal crown area).,
I'hey calculated trom dental casts of Australian
Aburiginal subjects of known age from three
populations. Linear regression equations relating
attrition scores to age were derived. They also found
that differences in morphology between anterior and
posterior teeth are reflected in a lincar relationship
between attrition scores and age for anterior tecth but a
logarithmic relationship for posterior teeth. Correlations
between age and attrition range from less than 0.40 for
third molars (where differences in the cruption and
acclusion of the teeth resulted in different patterns of
wear) Lo grealer than 080 for the premolars and first
molars. Because of the generally high correlations
betwzen age and zltrition, they found that it is possible
to estimate age from the extent of tooth wear with
confidence limits of the order of +/- 10 years.
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Xu et al® in 1991 took 317 upper and lower third
maolars randomly and divided into working and control
samples and used Lo eslimate chorological age
employing a method which combined multiple
regreasion analysis ol data from Gustatson's method and
Maples's scoring system, direct morphological
measurement oblained with Kontron image analysis
syatem and logarithmic data transtormation. The
standard errora of eslimale were 2.4-6.8 years in the
working sample and 1.9-7.5 vears when the derived
formulae were lested on control sample, respectively.
Compared to previous sludies, the method provides a
smaller standard error of age estimate from single molar
leeth.

Lamendin® et al in 1992 proposed a technigue to
study single rooted tooth. |t is basec on measurement of
two dental features instead of six: periodontosis height
limes 100/root height (¥) and Transparency ot the root
heigh! times 100; root height (1}, Their sample consisted
of 135 males, 73 temales, 198 whites and 10 blacke. ‘The
sample ranged from 22 vears to 90 years, By using
tormula (A <0.18 x P + 042 x | +25.53, where A=Agein
years, P = Periodontosis X 100/root height and 1-
Translucency height X 100/root height), they were able
1o calculale the age at death with an error between the
actual age and calculated age, of +/- 10 years on their
working sample and /-8 years on a [orensic control
sample. A comparison af the Guslalson’s method and
Tamendin methods on the control sample of 39 leeth,
resulied in the advantage of the latler considering the
muan error on the estimation (14.2 +/- 3.4 years versus
8.9+ 2.2 for Tamenulin).

Salheim® in 1992 alsa studied that recession of the
perindanta’ ligamenl has been used as one of several
indicatars af age in Guslafson's method for age
estimalion. Tn a sample of 1000 teeth the relationship
between age and periodantal recession was studied for
viach Lype of tooth. Only 2 weak correlation was lound,
the Jeast weak being for premolars. The mean of the
periodontal recession measured in mm showed
approximately the same correlation as when assessed
by storing systems. Loganithmic transformation of the
muan of the reaession resulled in a stronger correlation
with age. The use of loolh age rather than individual
ape did not have the same effect. Periodonlal recession
fended fo be more rapid in males than in females. The
correlation of reason for extraction witk perindontal
recession was not found #o be significant. He found that
periodontal recession was nut sufficiently accurate o
be used as a sole indicator of age. However, in multiple
regression methods for age estimation it contribules
significantly to the age equation, especially far
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premclars.

Kwak and Kim™ in 1993 studied 157 extracted teeth,
7 of the feeth ariginated from males and 84 from females
from age groups 12 ta 79 years. The correlation cocfficient
of vach Custafsar's criteria in selation by age was carried.
Age estimahion were performed on 157 teeth according
to the methad by Gustafson’s method and by use of
multiple regression, as used by Johanson, Atter
evaluating the six criteria of Custafson by multiple
regression computer analvsis, fwo predichion formulas
and standard deviations were compared with vach
ather They found the following result:

i} Six Guslalson's criteria had slrong correlation
wilh age excepl root resorplion and corvelation
coellicent were r = 0.79 (Lransparen! denline), r
= 0.72 (secondary denline), 1 = 0L69 (peridontal
change), r = 0.63 [Allrition), r = 0.39 {root
resarplion).

ii) The age estimation lormula by Guslalson's
method was calculated as follows: Y = 3.52X
8.88, r 087, r' ~0.76, 5D - 8.18, F - 483.56 and
p = 0.01.The age estimation lormula by multiple
regression was celculated as fellows: Y =637 T
4.63P 1 2705 240C1 3.08A 1 I134R 1 857, ¢
=089, * =N.78, 5D =782, F = 91.62 and p<0.01.
Durbin-Watson Coefficient = 1.09,

iii) In comparison of two estimation tormulas, the
tormula by multiple regression, the method ot
Johanson (5L} = 7.82), was found to be slightly
more reliable than Gustafson's method (SD -
8.18).

iv) It was reatfirmed that Custafson’s six criteria
could be independent variable in multiple
regression analysis.

Salheim® in 1993 found (hat there were several
shortcomings in previous studies due te smallness of
the material and improvemenis of the metheds were
desirable and seemed possible. As a contribution to such
improvement various age related changes were studied
in a material of 1000 teeth. For each type of change the
kind of measurement most strongly related to age was
chosen, and a multiple regression analysis was run with
age as the dependent variable, using SPSSTC statistical
program, Statistically significant formulae were
calculated for each type of tuoth excluding molars.
Brcause the sex of a deceased body may be unknown
and the tooth colour influenced by changes after death,
separate formulae excluding these factors were
calculated. lor the calculated formulac the I'earson
correlation (tau) varied from 0.76 in mandibular second
premulars (SEX and COILOUR excluded), to 0,97 for
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changes oocurring with e age Le, attrition, A total of
633 teeth, induding first and second molars of both the
jaws, were collected from 57 cadavers and 34 modem
dry skulls in northern chinae The attrition of the molars
was noted and new graduation methed (ASA method)
was estabilished, Six new equations for the estimation
ol age were ublained by means of regression analysis.

MﬂdWAmdm'mw 1, Jan, 2070

factors of Gustaison's methad) with the increasing age
and taere is loose linear relalion of this increase with
increasing age. T oase relalion was due to the reason that
the cementum appasition is elso vffected by other
factors like diszase condition, They found that normal
thickness of cementum al coronal half of rovt was 16 -
60um (i.e. about the thickress of hair). Thickness ot
cementum at the apex of the rool of the feeth is nermally
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