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Abstract
The refugee situation in Sweden today has been the most difficult since Second 

World War. For unaccompanied children without any identity documentation it is 
important to show that they are below 18 years old, giving them a chance to get asylum. 

The purpose of the study was to evaluate the development of the third molar in a 
sample of Swedish population.

A total sample of 1031 panoramic radiographs was analyzed. The subjects were 
12-25 years old. The mineralization stages of the third mandibular molar were assessed 
according to Demirjian’s method. Age ranges were wide for the different developmental 
stages. By the age of 20, most of the teeth were fully developed.

In conclusion, the third mandibular molar is the only usable tooth for age estimation 
around the age of 18 years, although it is the most variable tooth in the dentition. The 
data described may provide reference for age assessment. 
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Introduction
Age estimation in humans has taken an important role in today’s modern society 

[1-4]. It is of great importance in several areas: deciding the age of living persons and in 
the identification process of unknown deceased persons. For unknown deceased 
persons, it is of significance to identify the victims of mass disasters, fires, accidents, 
crashes and homicides. As regards the living persons, it is of significance when the birth 
certificate is not available. Age estimation includes requirements in assessing whether a 
person has reached the age of criminal responsibility in cases like rape, kidnapping, 
employment, marriage, adoption and illegal immigration.

Today there is an increasing number of immigrants in western countries due to 
economic globalization, wars, conflicts and disasters in different countries [5]. Many of 
them are without valid identification papers. The authorities in many countries may 
often be in doubt regarding their uncertain age due to legal consequences [1,2,4,6]. 
One of the reasons is that children under the age of 18 have special rights and benefits 
according to the UN Child Convention and cannot be sent back to their countries of 
origin [7], which results in an increased chance for them of being granted asylum. Other 
reasons might be civil or criminal proceedings.

In Sweden, some of the ages of legal relevance are 15 and 18. Adolescents between 
15-18 years of age are considered juvenile delinquent in the state of the law and will 
face a milder punishment in cases of criminal act. By the age of 18 one has reached the 
age of criminal responsibility [8].
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There are some recommendations in forensic age 
assessment proposed by the international and interdisciplinary 
Study Group on Forensic Age Diagnostics (AGFAD) [9]. They 
include a) a physical examination, including body measurements 
and assessments of signs of sexual maturity, b) X-ray examination 
of the left hand and c) a dental evaluation, including clinical 
examination of the dental status and X-ray examination. If the 
skeletal development of the hand is completed, an X-ray 
examination of the clavicles needs to be performed additionally.

In Sweden by tradition, the age estimation has been 
channeled by The Swedish Migration Board [10]. The 
recommendations regarding age assessment for children and 
juveniles seeking asylum have been set by the National Board 
of Health and Welfare [11]. The age assessment was commenced 
by clinical examination of a pediatrician. In cases where 
additional information was needed, could an additional x-ray 
of the hand and x-ray of the teeth be requested. However, the 
refugee situation in Sweden today has been the most difficult 
since world Second World War [12-15]. Sweden has taken far 
more refugees per capita than any country in EU. Some of the 
reasons are the war in Syria and the turbulence in Middle East 
and Africa. During 2014, more than 80 000 came to Sweden 
seeking asylum. In 2015, the number had more than doubled. 
During the first three months in the year 2016, almost 10 000 
refugees had fled to Sweden seeking asylum, which is more 
than 1000 refugees per week. Out of these, were more than 
10% unaccompanied children. If an unaccompanied child 
doesn’t have any identity documentation and if there is a doubt 
regarding the individual’s age has the Migration Board to 
decide whether the person is under or over the age of 18. A 
child which is below 18 has the right for being granted asylum. 
Today, has the applicant the burden himself to proof his or her 
chronological age and the methods available to him or her is 
identification documents, his or her statement and/or a medical 
examination including dental and skeletal radiograms. This 
examination, which involves dental and wrist-bone x-rays, can 
usually help in narrowing the age span of (young) adolescents. 

While the skeletal and somatic developments are influenced 
by the environment, nutrition, hormonal imbalance and diseases, 
teeth seem to be less affected [16-19]. Teeth are also highly 
resistant to severe insults such as chemicals, fire, cold and heat 
[20-22]. While several age estimation modalities are invasive, 
requiring lengthy processing times, use of expensive sophisticated 
equipment or services of an experienced pathologist when using 
histological methods [23-26], radiological evaluation of the 
development of the teeth is a simple, quick and non-invasive 
investigation method used in-vivo. Teeth are useful predictors, 
especially during early years when many teeth are developing, up 
until the age of 14-15 years [27-31]. Third molars are less used for 
dental age determination due to their variability in time of 
formation and time of eruption [32]. However, beyond the age of 
14-15, the only teeth still in development are third molars [29,33-
35]. That is the reason why radiographic assessment of third 
molar formation is an important method in forensic sciences.

A number of studies, of which all have used Demirjian’s 
method, have shown a population-specific third molar 

development among different geographical groups: Korea [36], 
Iran [37], Portugal [38], Spain [39], India [40], UK [41], Canada 
[42], western China [43], USA [44], Turkey [45], Brazil [46], 
Germany [47], Thailand [48], Malaysia [49]. The above mentioned 
studies have revealed slight differences in mineralization stages 
of third molars between different populations. Very few studies 
have been implemented among Swedish juveniles [30,34,50]. 
Hence, it was considered of importance to determine third-
molar developmental stages in a Swedish sample population to 
create a reference for chronological age estimation.

Material and Methods
Exclusion criteria were (i) patients with known systemic or 

developmental disease, (ii) panoramic radiographs of patients 
without any of third mandibular molar present, (iii) radiographs 
with distortions in the selected region/unclear panoramic 
radiographs and (iiii) pathology in the third mandibular area 
in the radiographs (for example cysts).

The study design was a retrospective cross-sectional study. 
A total of 1031 panoramic radiographs from patients of ages 
between 12 and 25 years were analyzed. The ethnicity of the 
study population was not recorded, since there are several mixed 
marriages and adopted children with Swedish family names. The 
radiographs were collected from Karolinska Institute, Division of 
Image and Functional Odontology, Department of Dental 
Medicine, Huddinge), Stockholm, from patients attending the 
school between 2011–2012. All radiographs had previously been 
taken for a diagnostic and treatment purpose and were digital. A 
Planmeca Promax 2D panoramic machine (Helsinki, Finland) was 
used. The radiographs were stored and analyzed using Romexis 
version 2.2.2R software. 

The radiographs were coded during assessment, so that the 
dates of birth and exposure were unknown to the examiner. 
Patient identification number, sex, date of birth, date of X-ray 
and mineralization stages of the lower third molars had been 
earlier recorded. Each patient’s age was calculated as the date of 
X-ray minus the date of birth and recorded as years and parts of 
years. Microsoft Access tables were used for the registration of 
data. The developmental dental stage in relation to the age and 
gender specific differences was studied. 

The age and sex distribution of the study population is 
shown in table 1.

Table 1. Age and sex distribution of the sample.
Age Female Male Total
12 66 68 134
13 78 75 153
14 73 55 128
15 63 41 104
16 45 49 94
17 50 32 82
18 35 36 71
19 13 23 36
20 12 17 29
21 11 13 24
22 5 11 16
23 7 9 16
24 11 5 16
25 5 6 11
Total 474 440 914
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The mineralization of the third mandibular molar was 
assessed according to the method described by Demirjian et 
al [27] consisting of 8 stages as described in figure 1.

Figure 1: Developmental stages of molars according to the method of 
Demirjian et al.

A = Cusp tips are mineralized but have not yet coalesced.
B = Mineralized cusps are united so the mature coronal morphology is well-
defined
C = The crown is about half formed; the pulp chamber is evident and dental 
deposition is occurring
D = Crown formation is complete to the dentino-enamel junction. The pulp 
chamber has a trapezoidal form.
E = Formation of the inter-radicular bifurcation has begun. Root length is less 
than the crown length. 
F = Root length is at least great as crown length. Roots have funnel-shaped 
endings.
G = Root walls are parallel, but apices remain open.
H = Apical ends of the roots are completely closed, and the periodontal 
membrane has a uniform width around the root.

The study was restricted to the evaluation of the lower 
third molars because the assessment of the third molar of the 
upper jaw may be problematic as the wisdom tooth is often 
superimposed over other anatomic structures. It has also 
been found that, the reproducibility (intra observer reliability) 
is higher for mandibular third molars than maxillary third 
molar [51]. 

Assessment of the radiographs included in the study was 
performed independently by one inexperienced examiner 
(L.S.) without any knowledge of the subject’s chronological 
age and gender. However prior to the study, a training sample 
of panoramic radiographs was assessed with an experienced 
examiner (L.K). Inter-observer reproducibility was assessed on 
46 independent samples of radiographs, expressed as Cohen’s 
kappa coefficient. Intra-observer reliability was tested by 
reexamining 90 radiographs (10% of the radiographs) by the 
same observer a month after the initial examination (L.S.).

Statistical analysis was performed using SPSS 21.0 (SPSS 
Inc, Chicago IL) for Windows. The data regarding differences 
between 38 and 48 was analyzed using Spearman correlation 
coefficient and t-test for pair wise comparison. Statistical data 
including maximum, minimum and mean age as well as 
standard deviation of the ages were obtained for each stage 
of mineralization of both sexes. For each mineralization stage 
the difference in mean age between the sexes was analyzes 
separately with independent t-test. The results were 
considered statistically significant when the p-value was < 

0.05.
The ethical approval was received by the Regional Ethic 

Board in Stockholm, Sweden, and performed in accordance 
with the Helsinki declaration, registration number 
2013/906/31.

Results
Inter-observer agreement was excellent: correlation 

coefficient (r) was 0,99. Very good agreement was also 
indicated by the intra-observer result, correlation coefficient 
(r) was 0,91.

The initial sample consisted of 1031 patients. Out of these 
patients, 113 had none of their lower third molars (12.4%), 
two had pathology on both sides, in one panoramic radiograph 
was distortion found on both of the third mandibular molars 
and in one panoramic radiograph were extraction alveoli 
present on both sides in the third molar region. 53 of all the 
included patients had only one mandibular molar (5.8%). 
After removal of the radiographs based on the exclusion 
criteria, a total sample of 914 patients (440 male and 474 
females) was included in the study.

Comparisons between the left and the right side of the 
third mandibular molars did not show any statistically 
significant difference. Due to this observation, we pooled the 
results for both sides, 38 and 48, for each gender in our tables 
(tables 2-4).

Table 2. Frequency of the Demirjian’s stage of third mandibular molars 
(sides pooled).

Age Male Total Female Total
A B C D E F G H A B C D E F G H

12 18 57 52 1 4 132 8 50 69 2 1 130
13 8 28 75 23 10 4 148 5 16 95 20 13 2 151
14 8 24 48 25 4 109 7 56 49 16 12 140
15 12 25 34 9 80 22 35 44 18 2 121
16 1 16 16 24 10 24 91 8 28 33 16 4 89
17 6 8 6 30 14 64 4 9 25 29 18 8 93
18 1 2 7 20 41 71 7 18 13 14 14 66
19 2 7 8 33 44 1 8 15 24
20 1 1 3 28 33 4 2 18 24
21 24 24 21 21
22 20 20 20 10
23 16 16 13 13
24 8 8 19 19
25 12 12 9 9
Total 26 93 164 120 102 56 71 220 852 13 73 254 150 154 91 48 127 910

Table 3. Statistical data on the age of the stages of mineralization in 
mandibular molars using Demirijian’s method, in male (pooled studies).

Stage n Min Max Mean SD 95% CI
A 26 12,0 13,8 12,7 0,5 11,8 - 13,6
B 85 12,0 14,8 12,9 0,7 11,5 - 14,3
C 164 12,0 16,9 13,5 0,9 11,6 - 15,3
D 120 12,9 18,1 14,9 1,2 12,5 - 17,4
E 102 12,0 20,3 15,4 1,5 12,3 - 18,5
F 56 13,1 20,3 16,4 1,5 13,4 - 19,4
G 71 16,2 20,4 18,0 1,0 15,9 - 20,0
H 220 16,0 25,8 20,2 2,5 15,3 - 25,2

Table 4. Statistical data on the age of the stages of mineralization in 
mandibular molars using Demirijian’s method, in female (pooled studies).

Stage n Min Max Mean SD 95% CI
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A 13 12,2 13,8 12,9 0,5 11,8 - 13,9
B 73 12,0 14,9 12,8 0,7 11,4 - 14,3
C 254 12,0 17,5 13,8 1,1 11,5 - 16,0
D 151 12,8 19,8 15,3 1,4 12,5 - 18,2
E 154 12,8 20,8 16,2 1,6 12,9 - 19,4
F 91 13,4 19,1 16,6 1,3 13,9 - 19,3
G 48 15,0 20,9 18,0 1,2 15,6 - 20,3
H 127 17,1 25,8 21,6 2,4 16,8 - 26,4

Table 2 show the distribution and the frequency of 
different mineralization stages according to Demirjian, 
separately for each tooth for both males and females. In this 
sample, at a certain age the difference in the maturation of 
the wisdom tooth could be as much as 6 mineralization 
stages. The minimum age for apex closure (stage H) is 16 in 
males, respectively 17 in females. Beyond the age of 20, all of 
the third mandibular molars have finished their root formation 
(table 2).

Tables 3 and 4 shows the result for each tooth mineralization 
stage according to the specific ages, presented separately for 
males and females. Results are expressed as minimal and 
maximal age, mean values, standard deviation (SD) and ± 2 
SD for girls and boys respectively. For individuals 18 years and 
older, it was seen that they could be in all the mineralization 
stages between D-H for both males and females.

Table 5 displays the probability of an individual being less 
than 18 years old based on third molar development stages. 
In every stage, except for stage F, the probability was higher 
for the males of being younger than 18 years old, compared 
to the females, based on each sub-sample in the specific 
development stage.
Table 5. Probability of an individual being under 18 years of age based on 

third molars developmental stages. (pooled sides).
Stages A B C D E F G H

Males (N) <18ar 100% 
(23)

100% 
(78)

100% 
(157)

100% 
(117)

96% 
(97)

83% 
(45)

56% 
(39)

17% 
(36)

Females (N) <18ar 100% 
(12)

100% 
(65)

100% 
(247)

95% 
(139)

86% 
(130)

87% 
(75)

49% 
(23) 6% (7)

N: number of teeth in each sub-sample.

Discussion
In past, there have been several methods to assess dental 

development [27-30,33,50,52-56]. The advantage of using 
few tooth development stages in age estimation is better 
reliability of inter-examiner agreement, but this results in less 
accuracy. Demirjian’s 8 stage model is widely used for its 
simplicity and objectivity [38,40,42-45]. This method also 
shows very good intra- and inter-examiner agreement 
[45,51,57] and the methodical errors are small [58]. It does not 
rely upon measurement length on radiographs, which 
sometimes can be distorted, but rather on development 
stages of the tooth: by estimating the form of the tooth bud 
and the relation of crown/root length. Out of several tested 
methods it has been found that Demirjian’s method is the 
most accurate in terms of evaluation of mineralization of the 
third molar [55,57]. 

The bilateral absence of third mandibular molars in our 
study is slightly above the one found by Levesque [32]: 12.4% 
compared to up to 9% in their study.

Left-right asymmetry in the tooth formation is common 
for the third molar according to Nolla, more than elsewhere in 
the dentition [52]. However, no statistical differences were 
found in our study between mineralization of right and left 
third molars. This finding is consistent with other studies as 
well [37,59-61].

Regarding differences in gender, the pattern of 
development for the first seven forming teeth is that they 
form earlier in females than in males [27,33]. The reverse is 
seen to occur in the third molar formation and eruption, 
which is shown in several studies [33,37,38,42]. The present 
work has shown statistically significant differences in the 
mean age between males and females mainly in stages C, D 
and E. The males reached these stages earlier than females. 
The highest difference was seen at stage E in our study, where 
males were 9 months ahead of females. These results are 
mainly in accordance with other findings [49,50,62,63].

In general, the individual variation in dental development 
is larger for older ages than in younger children, as found in 
other studies [27]. Li et al found that individual subjects could 
have reached up to six different mineralization stages of 
development, according to Demirjian, in one and the same 
age group [43]. The same results were seen in our study as 
well (Tables 2 and 3). In the study of Johan et al, the span was 
no more than five stages [49]. 

As seen in table 2, two extremes can be observed in our 
study. If a subject is graded A to D according to Demirjian’s 8 
mineralization stages, there is little likelihood that the 
individual is above the age of 18, seen in other studies as well 
[60,63]. On the other hand, in our study the minimum age for 
apex closure (stage H) was 16 in males, respectively 17 in 
females. This means that if a subject is graded H, one can 
presume that the subject could be at least 16 years of age or 
more in males respectively 17 in females.

According to the results of the present study, the SD was 
low in the youngest ages and increased with the higher age 
groups. These findings however should be interpreted 
cautiously, because of the cross-sectional nature of the study. 
If our sample groups would have included younger ages such 
as 5-6 year old children, when the formation of the crypt of 
third mandibular molar is seen in the earliest individuals [35], 
the mean age and SD up to stage E probably would have 
been affected. 

The results of this study have shown that the standard 
deviation can be up to 1, 6 years, as seen in Table 3 and 4 (if 
stage H is excluded). This means that the estimated “dental 
age” can be within an interval of about 3, 2 years, based on 
95% of the population in the sample (±2 standard deviations). 
This data based on the teeth alone is not an optimal solution 
for age estimation, but has been proven applicable in other 
studies [34,63]. The third molar is the only tooth that has not 
yet been mineralized cases when the individual is above the 
age of 14. 

Previous Swedish studies concerning the third mandibular 
molar mineralization [34,50] were limited in particular by the 
low number of subjects in the study. Another aspect is the 
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choice of method for assessing the development of the tooth. 
Most studies in other parts of the world assess the 
mineralization of the third molar in accordance to Demirjian’s 
8 stages [40,42-44] To the extent that comparisons can be 
made, Kullman et al [50] found that crown development was 
ended and root formation initiated at a mean age of 15,0 
years in males and 15,4 years in females. The nearest 
corresponding stage in Demirjian’s scale is stage D, which in 
our study occurred at 14,9 years in males respectively 15,3 
years in girls. This is very close to the result as in Kullman’s 
study. Stage F by Demirjian is recorded in another Swedish 
sample in Thorson et al [34], who found the mean age for 
males to be 16, 6 and 17, 0 in females. That could be compared 
to 16, 4 in males and 16, 6 in females in our study. The nearest 
corresponding stage in Kullman’s study would be stage 3 or 4, 
when at least 1/2 or more of the estimated root length has 
been formed. This occurs at 16, 9 years in males and 16, 8 
years in females in stage 3. The stage when the apex closure 
has been initiated but not completed occurs at 19, 2 years in 
males and 19, 9 in females in Kullman’s study. That could be in 
comparison with stage G by Demirjian, which in our study 
occurs at 18, 0 years in both genders, compared to 18, 4 in 
males and 18, 7 in females in Thorson et al.

Differences found between this sample population and 
populations in other studies can be attributed to many 
variables: age structure of the sample, sample size, statistical 
approach, biological variation of individual children and 
experience in age assessment of the observer. Nevertheless, 
the differences in developmental stages of the third molars in 
various populations call for more ethnic-specified reports to 
be performed throughout the world. The reason is to get an 
accurate view of the association between chronological age 
of the individuals and the developmental stage of the third 
molars. 

There are several considerable advantages in this study. 
Concerning the different genders and different sizes of the 
mandibular molar area, the subjects were relatively evenly 
distributed. Also the number of the subjects included in this 
study was higher than in other previous Swedish studies.

The present study has three main limitations. First, the 
subjects in this study were all based on patients from one 
limited area in Sweden, Stockholm, instead of being selected 
at random throughout the country. Thus, theoretically, 
differences between our results and other studies could partly 
be due to the narrow geographic location. Secondly, only 
filed radiographs were used in the study, since additional 
exposure to patients for this particular purpose could not be 
justified. The random selection of the subjects was therefore 
limited since only patients referred to Image and functional 
odontology department in Karolinska Institute were included. 
There is however no indication that the sample referred to the 
Karolinska Institute should in differ in a particular way or for 
some reason in the development of the third mandibular 
molar, compared to the rest of the population in Stockholm. 
Third, the ethnicity was not controlled in this study. However, 
a various population with different ethnical groups in Sweden 

is partly to be expected. Most of the variations of different 
groups are expected in the big cities and the southern parts of 
Sweden. 

Our results should be considered with caution. Further 
studies in different areas in Sweden, also involving the 
recording of ethnicity, need to be performed in order to 
confirm the results in this study. Also, larger samples are 
recommended. 

In summary, the radiological development of the third 
molar may be a useful biological variable for estimating the 
age of a person between his teens and early 20s. Even though 
this tooth shows substantial variation in its formation, it could 
be of high value in the absence of better information. 
However, it is important to remember that it is recommended 
by some researchers to combine the data from the wisdom 
tooth mineralization with other assessed medical examination 
findings, such factors as skeletal maturity, in order to minimize 
the margin of error for the age estimation. Combining of 
important factors, such as using multiple regression methods, 
might reduce the range of variation of the overall estimation 
to a certain extent.

Conflicts of Interest: The authors declare no conflicts of 
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