
4747Journal of Forensic Dental Sciences / ???? / Vol ?? / Issue ?

Age estimation based on Kvaal’s technique 
using digital panoramic radiographs

Introduction

In establishing the identity of a person, age is one of 
the essential factors.[1] Age calculation has become 

increasingly important, not only for the identification of the 

deceased but also for living individuals for various medico 
legal purposes. Teeth have the advantage to be preserved 
long after other tissues, even the bone, have disintegrated; 
also, unlike the bone, teeth can be directly examined in 
living individuals.[2] In childhood, age estimation can be 
performed by using various morphological methods. 
However, at the end of skeletal growth and development, 
only a few age‑dependent features can be used and that too 
with poor accuracy.[3]

Gustafson, in the year 1950, systematically studied the age 
changes occurring in the dental tissues after observing 
ground sections of adult human teeth. He used six 
parameters of attrition, periodontitis, secondary dentin 
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Abstract

Introduction: Age estimation is important for administrative and ethical reasons and 
also because of legal consequences. Dental pulp undergoes regression in size with 
increasing age due to secondary dentin deposition and can be used as a parameter 
of age estimation even beyond 25 years of age. Kvaal et al. developed a method for 
chronological age estimation based on the pulp size using periapical dental radiographs. 
There is a need for testing this method of age estimation in the Indian population 
using simple tools like digital imaging on living individuals not requiring extraction of 
teeth. Aims and Objectives: Estimation of the chronological age of subjects by Kvaal’s 
method using digital panoramic radiographs and also testing the validity of regression 
equations as given by Kvaal et al. Materials and Methods: The study sample included 
a total of 152 subjects in the age group of 14-60 years. Measurements were performed 
on the standardized digital panoramic radiographs based on Kvaal’s method. Different 
regression formulae were derived and the age was assessed. The assessed age was 
then correlated to the actual age of the patient using Student’s t-test. Results: No 
significant difference between the mean of the chronological age and the estimated age 
was observed. However, the values of the mean age estimated by using regression 
equations as given previously in the study of Kvaal et al. significantly underestimated 
the chronological age in the present study sample. Conclusion: The results of the 
study give an inference for the feasibility of this technique by calculation of regression 
equations on digital panoramic radiographs. However, it negates the applicability of 
same regression equations as given by Kvaal et al. on the study population.

Key words: Age estimation, digital panoramic radiograph, Kvaal’s method, secondary 
dentin
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formation, cementum apposition, root resorption, and 
transparency of the root.[4,5]

The dental pulp can be used as an indicator of age as it 
undergoes regression in size with increasing age due to 
secondary dentin deposition.[6] Since this is a continuous 
process, it can be used as a parameter of age estimation even 
beyond 25 years of age. Radiological examination of teeth is 
a simple, nondestructive method used to obtain information 
and does not require extraction.[2,7] In 1995, Kvaal et al. 
developed a method for estimating the chronological age 
of adults based on the relationship between age and the 
pulp size on periapical dental radiographs.[2] Many authors 
such as Bosmans et al. and Landa et al. applied the original 
formula of Kvaal’s technique using measurements made on 
a panoramic radiograph instead of periapical radiographs, 
thus avoiding the cumbersome full‑mouth radiographs.

The development of each individual can be affected 
by genetic, racial, nutritional, climatic, hormonal, and 
environmental factors.[8]   Hence, there is a need for testing 
methods of age estimation in a set population using simple 
tools like digital imaging on living individuals.

The present study was conducted with the aim to estimate 
the chronological age of subjects based on pulpal changes 
in teeth using Kvaal’s radiographic technique on digital 
panoramic radiographs. The objectives were to evaluate 
the correlation between chronological age with tooth and 
pulp chamber dimensions, to compare the calculated age 
with the chronological age of the subjects, and to evaluate 
the validity of Kvaal’s method in a set population using 
digital panoramic radiographs.

Materials and Methods

The study sample consisted of a total of 152 subjects (96 males 
and 56 females) in the age group of 14‑60 years, selected 
from those visiting the department of oral medicine and 
radiology and requiring digital panoramic radiographs 
for various reasons of diagnosis and treatment planning. 
Inclusion criteria required the presence of the required 
complement of teeth on either the right or left side, 
i.e. maxillary central incisor, maxillary lateral incisor, 
maxillary second premolar, mandibular lateral incisor, 
mandibular canine, and mandibular first premolar. The 
study teeth were free from morphological abnormalities 
and had completely erupted clinical crowns in the oral 
cavity. Traumatized teeth, malposed teeth, or teeth having 
radiopaque fillings, caries, and pathologic processes in 
the apical bone were excluded as were pregnant patients, 
subjects with systemic disorders like hormonal deficiencies 
and on hormone replacement therapies, and subjects with 
renal diseases and syndrome‑associated diseases that affect 
tooth development. Ethical clearance for the study was 
obtained from the ethical committee Ethics Committee 

and written informed consent was obtained from all 
participating subjects.

Measurements were performed on the standardized 
digital panoramic radiograph based on Kvaal’s method[4] 
for the six study teeth of either the left or right side 
using  VistaScan DBSWIN software. DURR Dental 
Vistascan unit manufactured by DURR Dental GmbH 
and Co. D‑74321 Bietigheim‑Bissingen. Using the 
mouse‑driven cursor, the reference points on the images 
of the teeth were defined and the following measurements 
were made: Maximum tooth length, maximum pulp 
length, root length on mesial surface from cemento 
enamel junction (CEJ) to root apex, root width at level 
“a”(CEJ), at level “b” [midpoint between CEJ(“a”) and 
mid root length(“c”)] and at level “c”(mid root length). 
Pulp width was also measured at levels “a”, “b,” and 
“c” [Figure 1]. All the measurements were performed 
by a single observer. The reproducibility of the method 
was checked by repeating the measurements by the same 
observer 3 months after the first evaluation to evaluate the 
intra observer variability. Ratios between the length and 
width measurements of the same tooth were calculated 
in order to avoid measurement errors due to difference 
in the magnification of the image on the radiograph. The 
ratios calculated according to Kvaal’s technique were: 
Tooth length/root length (T), pulp length/root length (P), 
pulp length/tooth length (R), pulp width/root width at 
level “a” (A), pulp width/root width at level “b”(B), pulp 
width/root width at level “c”(C).

The statistical analysis was done using  SPSS Version 16.0 
statistical analysis software. SPSS Inc. Released 2007 
Chicago. The statistical formulas used were mean, standard 
deviation (SD), correlation, regression, and coefficient 
of determination. To test the significance of two means, 
Student’s t‑test was used. P value was defined as P > 0.05 
not significant, P < 0.05 as significant, and P < 0.01 as highly 
significant.

Figure 1: Levels of measurement
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Results

The age of the 152 subjects, namely, 96 males and 56 females 
included in the study ranged 14‑56 years with a mean 
of 29.20 years, and the subjects were divided into five 
groups [Table 1].

Apart from the ratios mentioned above, the following 
were also calculated: Mean of all six ratios (M), mean of 
width ratios B and C (W), mean of length ratios P and 
R (L), and difference between width ratio “W” and length 
ratio “L”(W ~ L). Correlation was carried out between 
age and the ratios of measurement from each tooth using 
SPSS (Version 16) software [Table 2].

Correlation was also calculated between chronological age 
and ratios for all six teeth, maxillary teeth, and mandibular 
teeth taken together [Table 3].

After correlation, regression analysis was run to formulate 
regression equations for assessment of age. Regression 
equations for age were derived for all six study teeth, three 
maxillary teeth, three mandibular teeth, and all six teeth 
considered together with age as the dependent variable 
and “M” as the first predictor and “W ~ L” as the second 
predictor [Tables 4 and 5].

It was observed that the coefficient of determination R2 was 
highest (0.453) in the lower three teeth considered together. 
The age of the subjects was estimated by substituting 
the values of “M” and “W ~ L” in the derived regression 
equations, and this estimated age was compared with the 
chronological age using Student’s t‑test. No significant 
difference between the mean of the chronological age 
and the estimated age was observed in all teeth taken 
individually, three maxillar teeth taken together, three 
mandibular teeth taken together, and all the six teeth taken 
together.

Statistical analysis also calculated the standard error of the 
calculated ages [Table 6].

Lowest standard error of estimate (SEE) was seen with the 
lower three teeth taken together followed by the lower first 
premolar [Table 7].

The next objective of the present study was to explore 
if the previously presented linear regression formulae 
as given by Kvaal et al. could lead to statistically sound 
results and to evaluate the repeatability when applied on 
the current study sample. However, values of the mean 
age estimated by using regression equations as given in 
the study of Kvaal et al. showed negative values. The age 
estimated by using Kvaal’s regression formulae in the 
present study sample significantly underestimated the 
chronological age.

Discussion

Dental age estimation has gained acceptance because 
it is less variable when compared to other skeletal and 

Table 1: Distribution of number of subjects (n=152) in various 
age groups
Age group (years) Number of subjects
14-20 27
21-30 73
31-40 27
41-50 20
51-60 5

Table 2: The correlation between chronological age and the 
ratios of measurement

11/21 12/22 15/25 32/42 33/43 34/44
P −0.287* −0.167 −0.157 −0.155 −0.11 −0.378*
T −0.285* 0.075 −0.276* −0.049 −0.124 −0.24*
R 0.020 0.145 0.110 −0.091 0.139 −0.108
A −0.680* −0.474* −0.363* −0.546* −0.569* −0.565*
B −0.101 −0.537* −0.593* −0.539* −0.588* −0.621*
C −0.626* −0.540* −0.647* −0.545* −0.609* −0.599*
M −0.54* −0.586* −0.599* −0.533* −0.606* −0.661*
W −0.183 −0.548* −0.449* −0.445* −0.507* −0.520*
L −0.238* 0.182 −0.047 −0.148 −0.097 −0.307*
W-L −0.529* −0.595* −0.604* −0.528* −0.454* −0.524*
*Indicates significant value at P≤0.01 level (two‑tailed)

Table 3: Correlation between age and M, W, L, and W~L for all 
study teeth, three maxillary teeth, and three mandibular teeth

All six teeth Maxillary teeth Mandibular teeth
M −0.585* −0.531* −0.616*
W −0.577* −0.423* −0.407*
L −0.196 −0.058 −0.182
W~L −0.61* −0.584* −0.419*
*Indicates significant value at P≤0.01 level (two-tailed)

Table 4: Regression analysis with coefficient of 
determination (R2) for six study teeth
Teeth Equation R2

11/21 *Age=98.26-94.17(M)11+1.12(W~L)11 0.356
12/22 Age=27.37-47.35(M)12−44.82(W~L)12 0.294
15/25 Age=71.22-85.63(M)15−21.13(W~L)15 0.397
32/42 Age=70.92-90.77(M)]42−24.30(W~L)42 0.240
33/43 Age=37.58-73.96(M)43−51.99(W~L)43 0.387
34/44 Age=111.32-138.2(M)44−11.15(W~L)44 0.442

*Age in years

Table 5: Regression equations for age for three maxillary teeth, 
three mandibular teeth, and all the six teeth considered together
Teeth Equation R2

Maxillary teeth Age=110.6-109.45(M)MAX+5.63(W~L)MAX 0.284
Mandibular teeth Age=49.92-102.69(M)MAND−61.3(W~L)MAND 0.453
All six teeth Age=69.31-92.83(M)OVR−30.41(W~L)OVR 0.384
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sexual maturity indicators. [3] Gustafson developed 
the first systematic dental method for the estimation 
of age in adults. Tore Solheim measured the amount 
of secondary dentin deposition in histological sections of 
teeth and the results were found to be strongly correlated to 
the age of subjects. Secondary dentin deposition as an age 
indicator was tested in full‑mouth periapical radiographs 
by Kvaal et al. with significant results.[4] A similar method 
was employed by Bosman et al.[7] and Paewinsky et al. on 
panoramic radiographs.[9] Panoramic radiographs avoid 
the need for taking multiple intraoral radiographs, can be 
applied to living persons, and do not require extraction 
of teeth. It allows the age estimation of individuals older 
than 21 years of age, at the end of skeletal growth and 
development. The accuracy of this method depends on 
the precision of the measurements and the quality of 
the panoramic radiographs. Factors that may interfere 
would be caries, dental fillings, and intra‑ and inter 
observer errors.[10] The present study was conducted 
on digital panoramic radiographs. In the last decades, 
digital systems have improved considerably and are 
now considered an acceptable technology for clinical 
use in dentistry.[10] However, some previous authors 
pointed out the difficulties in identifying the reference 
points on digital images as viewed on the monitor 
screen;  therefore, the defining of the relative distance 

between two different points, the quantification of which 
is in pixels, is needed.[9]

The development of each individual can be affected 
by genetic, racial, nutritional, climatic, hormonal, and 
environmental factors.[10] This study was carried out on the 
Indian population residing in and around Muradnagar, 
Uttar Pradesh. It is possible that the lower socioeconomic 
group was overrepresented because of the location of the 
institute in a rural area and the relative cost‑effectiveness of 
the treatments rendered. The variation in the distribution of 
the subjects in different age groups was due to the inclusion 
criteria; there were a lower number of older patients having 
healthy teeth.

In accordance with the study of Kvaal et al., teeth from 
either left or right side were selected, whichever were best 
suited for measurement.[2] To compensate for the errors 
due to magnification and angulations, the various ratios as 
given by Kvaal et al. were calculated between the length and 
width measurements and were correlated to chronological 
age.[2] In agreement with previous studies, the width of 
the pulp was found to be a better indicator of age than 
the length.[2] Stronger correlation to age was obtained by 
employing mean value of all the ratios (M), which may be 
an expression of the overall size of the pulp.

Following correlation, regression analysis was done using M 
and W ~ L as the first and the second predictor, respectively, 
to obtain regression equations. It was observed that the 
coefficient of determination (R2) was highest when three 
mandibular teeth were considered together (R2 = 0.453). 
Individually, the strongest correlation was seen with 
the lower first premolar similar to the study of Sharma 
et al.[11] When the calculated age was compared with the 
chronological age in the present study, no significant 
difference was observed between the two. These results 
established the applicability of regression equations 
calculated based on Kvaal’s method on digital panoramic 
radiographs for calculation of age.

For testing the applicability of the original Kvaal’s 
regression equations in the current study subjects, the 
age of the subjects was estimated by substituting the 
values of “M” and “W ~ L” in the regression equations 
as given by Kvaal.[4] The mean difference between 
the chronological age and the estimated age showed 
consistent gross underestimation of age similar to a study 
by Meinl et al.[12] that clearly indicated the inapplicability 
of the regression equations of Kvaal et al. on the study 
population. A study by Patil in 2014 also concluded that 
the formula derived from the Norwegian population is 
not applicable to the Indian population, establishing 
a possible variation in ethnicity and restricting its use 
in a sample Indian population.[13] The required length 

Table 6: Comparison of estimated age with the actual age for 
study teeth individually
Tooth Mean of 

chronological 
age (mean±SD)

Mean of 
estimated age 
(mean±SD)

T P

11/21 29.20±10.09 29.20±6.02 0.00 1.00
12/22 29.20±10.09 29.20±5.47 0.00 1.00
15/25 29.20±10.09 29.20±6.35 0.00 1.00
32/42 29.20±10.09 29.20±4.94 0.00 1.00
33/43 29.20±10.09 29.20±6.27 0.00 1.00
34/44 29.20±10.09 29.20±6.71 0.00 1.00
All six teeth 29.20±10.09 29.43±5.49 −0.387 0.70
Upper three teeth 29.20±10.09 29.43±4.51 −0.346 0.72
Lower three teeth 29.20±10.09 29.20±6.79 0.00 1.00

Table 7: Standard error of estimate (SEE) in years for six teeth 
individually, all the six teeth together, three maxillary teeth, and 
three mandibular teeth
Teeth SEE (in years)
11/21 8.15
12/22 8.53
15/25 7.89
32/42 8.85
33/43 7.95
34/44 7.58
All six teeth 7.97
Maxillary teeth 8.59
Mandibular teeth 7.51
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measurements in Kvaal’s study were obtained on 
conventional periapical radiographs by using vernier 
calipers and stereomicroscope but in the present 
study digital, panoramic radiographs were acquired 
to obtain the measurements using a standardization 
procedure. The other reason for the underestimation of 
age could be the racial difference as the original study 
was carried out on the Caucasian population and the 
present study was based on the Asian population in 
the Indian subcontinent. Also, it could be possible that 
the formation rate of secondary dentin formation does 
underlie differences.

Conclusion

From the current study, it can be concluded that width 
ratios are better correlated than length ratios and 
“M” (mean value of all ratios) and “W ~ L” (difference 
between “W” and “L”) were the best predictors for age 
estimation. Age could be estimated with greater accuracy 
by taking three mandibular teeth together, followed by 
mandibular first premolar and maxillary second premolar. 
The least accuracy was shown by the mandibular lateral 
incisor taken individually. Also, the derived regression 
equations from the present study using Kvaal’s method 
could be used to estimate the chronological age in the 
study population. From the underestimation of age 
by using the original regression equations as given by 
Kvaal et al., it can be concluded that the applicability of 
Kvaal’s equation was invalid in the study population. 
The results of the study give inference for the feasibility 
of this technique by calculation of regression equations 
on digital panoramic radiographs. However, it negates 
the applicability of same regression equations as given by 
Kvaal et al. on the study population. This study suggests 
that future studies be done on a large sample size with 
adequate representation of samples from different age 
groups, ethnicities, and sexes.
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