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Introduction
Height of a person in the upright posture is called Stature. 

Estimating stature, along with age, sex and race, is one of the 
four pillars of the anthropological protocol and may be helpful 
in preliminary screening and reconstructive identification of skel-
etal remains.1 Estimation of stature is a necessary tool in forensic 
examination particularly in unknown, extremely decomposed, 
fragmentary and mutilated human remains. Mostly stature esti-
mation is derived from the long bones.2,3 

Many studies have been conducted on the estimation of stat-
ure from different body parts like hands, trunk, vertebral column, 
limbs, individual long and short bones, foot, face dimensions, 
sternum length, cephalo-facial dimensions and they found a very 
good correlation.4,5,6,7 

Filipson R and Goldson L in early 1963  in their research had 
established as there was no correlation between tooth width and 
stature.8 Further, researchers have tried to co-relate tooth dimen-
sions such as intercanine width, inter premolar width, bucco-lin-
gual width and found moderate correlation. 9,10  Prabhu S et al had 
done a study to determine the usefulness of tooth crown (both 
buccolingual and mesio-distal) measurements in stature predic-
tion, where they could find a moderate correlation.1

However, there is no research work on correlation between 
stature and tooth length in English language literature and this 
study has been undertaken to see such correlation between the 
tooth length (radiographic) and the height of the individual.

Material and Methods
The participants of the study are patients who have under-

gone a radiographic (OPG) analysis for various dental require-
ments such as assessment of dentition prior to orthodontic treat-
ment or to evaluate the positioning of 3rd molars etc. Inclusion 
criteria for selection were individuals with all erupted teeth except 
third molars and individuals with teeth having proper alignment. 
Where as individuals with caries or any other dental problems 
such mal-aligned teeth, missing teeth, restored teeth, attrited 
teeth, root canal treated teeth, crowned teeth or any procedure, 
which shall hamper the accurate tooth length were excluded. 
The sample was estimated as simple random sampling, which in-
cludes 30 males and 30 females between the age 18 and 24 years. 
Tooth length of all 28 teeth except 3rd molars was measured on 
digital OPG using inbuilt software IMPAXH (Agfa, Belgium). 
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Stature measurement
Stature was measured from the vertical distance from the ver-

tex of head to the floor. The subjects back should be as straight 
as possible, which may be achieved by rounding or relaxing the 
shoulders and manipulating the posture The height was measured 
with the help of standard height chart, making the subject stand 
straight and barefooted with the heels in close contact with each 
other on a firm horizontal resting plane in front of a scale calibrated 
to 0.1 cm on a rigid vertical plane.1 (Figure 1)

Tooth measurements
Conventional panoramic radiographs were formed with a 17.6 

second time exposure on automatic settings with an Instrumentar-
ium Orthopantomograph OP100 on Fuji Super HRT30 film and Ko-
dak Lanex Regular Intensity screen. The films were developed in a 
Kodak M35A processor, scanned by an Epson Perfection 700 photo 
scanner (Epson, Long Beach, Calif ) at 300 dpi and 24-bit colour, and 
optimized for contrast and brightness by means of the Epson scan-
ning software. JPEG images (saved at lowest compression) were im-
ported into Dicom Imaging for analysis. (Figure 2)

 While taking the OPG, patients were asked to look at the ap-
paratus and subsequently bite on the biting segment of the radio-
graphic equipment with the anterior teeth. The Frankfort horizon-
tal (FH) plane was positioned parallel to the horizontal plane. This 
helps in maintaining a consistent head position. On digital pan-
oramic radiographs, length of the tooth were measured by the IM-
PAXH (Agfa, Belgium) system (Figure 2).There is a magnification er-
ror of 1.19% between the actual tooth length and estimated tooth 
length.  The correction factor has been included in the statistics.

Statistical Tests
Statistical analysis was done using the SPSS software (Version 

1.0.0.1406). Pearson correlation test for correlation between tooth 
length and height and linear regression analysis was done for the 
prediction of stature from tooth length. 

Results
18 out of 28 (64.2%) variables had statistically significant corre-

lation with height.  Overall the results revealed that individual tooth 
variables have a good correlation with stature of r value ranging 

from 0.12-0.57 and p value less than 0.05. Among the tooth lengths, 
the length of the maxillary right second molars showed the highest 
correlation with stature followed by maxillary right first premolars 
and maxillary right canine. The summary of correlation, linear re-
gression formula generated and standard error of estimate - SEE 
(variation in estimated age from actual age) has been depicted in 
Table 1 and Figure 3

Discussion
Recognition of human remains is the most important step in 

forensic practice. Anthropometric methods have been employed to 
estimate stature for more than 100 years. With the rising frequency 
of mass disasters, estimation of height from fragmented and dis-
membered human remains has created difficulty in the examina-
tion of the identity of some of the victims. Many studies in the 
earlier period have been carried out by different researchers to esti-
mate the stature from various bones of different parts of the body3. 
However researches on stature estimation from teeth are seldom, 
available in English language literature. Therefore, this study was 
carried out to determine the relationship between tooth length 
and stature using digital radiograph.	

In previous research involving correlating stature with hand 
length, tibial length, head length, cephalo-facial measurements, 
sternum length, coronal sutures and ulna length showed moderate 
correlation (r= 0.2-0.5) and SEE of 4.7 – 7 years11-24. However, in the 
present study stature has a good correlation with the tooth length 
with p-value less than 0.05 and r value ranging from 0.12 to 0.57 
and SEE varying from 3.2-5.5 years.

Yadav AB et8 al in their work had measured the mesio-distal 
crown width of six maxillary teeth and predicted stature. They 
found a higher value of SEE (8.907) which is higher to our results 
(5.529). The study showed that all odontometric parameters were 
positively and significantly correlated with stature independent of 
gender, where maxillary canine width showed highest correlation. 
In the present study, length of the maxillary right second molar had 
highest correlation among all the teeth. 

The width of six maxillary anterior teeth  were combined and 
has been used for assessment of stature by Kalia S et al2 and only 
small statistically significant relationship was there between stat-

Fig. 1: Measuring the height of the individual from the 
vertex of the head and the toe

Fig. 2: Measuring the length of teeth (Incisors, canine, premolars and 
molars)
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ure and combined mesiodistal width of six anterior  maxillary teeth, 
contrasting to our finding.

Prabhu S et al1 had done a research to determine the useful-
ness of tooth crown measurements in stature prediction. They had 
measured the buccolingual and mesiodistal dimensions of all teeth 

(except third molars) and stature measurements were taken from 
95 living adults (47 females, 48 males). Out of 56 tooth variables, 21 
(37.7%) had statistically significant correlation to stature. Ridge re-
gression was conducted in which they found out a reasonable but 
statistically significant correlation to stature (R = 0.68; P < 0.0001). 

Fig. 3: Linear regression for A-combined data without gender as a parameter, B-combined data with gender as a parameter, C-females, 
D-males

Table 1: Linear regression analysis

Linear regression formula generated Model sig-
nificance

R2 SEE (in 
years)

Linear regression analy-
sis without adding gen-
der as a parameter.

Height =102.205+1.69 x (length of 27) +1.001 x (length of 13) -1.928 x 
(length of 34) +0.811x (length of 33) + 0.834 x (length of 15)

<0.05. 58.9% 5.529

Linear regression analy-
sis involving gender as a 
parameter

Height =117.584 + 7.232 x (gender) + 1.446 x (length of 27) -1.421 x 
(length of 34) + 1.069 x (length of 13) + 1.314 x (length of 32) - 1.071 
x (length of 31)

<0.05 72.5% 4.569

Linear regression analy-
sis for females

Height =144.392 + 1.693 x (length of 14) -1.571 x (length of 14) -1.571 
x (length of 34) + 0.533 x (length of 32)  

< 0.05 60.3% 3.213

Linear regression analy-
sis for males

Height = 140.258 +2.066 x (length of 27) -2.431 x (length of 41) + 
2.443 x  (length of 33) -1.506x (length of35) -2.846 x (length of16) + 
1.417 x (length of15) + 1.252 x (length of21).

< 0.05 77.2% 4.11
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In the present work, 18 out of 28 (64.2%) variables had statisti-
cally significant correlation with height.  Overall the results revealed 
that individual tooth variables have a good correlation with stature 
of ‘r’ value ranging from 0.12-0.57 and p value less than 0.05. Among 
the tooth lengths, the length of the maxillary left second molars 
showed the highest correlation with stature followed by maxillary 
right premolars and maxillary right canine. This shows that length 
of the tooth is more useful in estimating stature than mesio distal 
or bucco lingual dimension. 

In this study, regression formula was generated with mainly five 
teeth entering the formula, such as maxillary right canine, maxillary 
second premolar, maxillary second molar, mandibular left canine 
and mandibular first premolar. When the data was analysed sepa-
rately for males and female sexes, a generated formula had  maxil-
lary right second premolar, maxillary  right first molar, maxillary left 
central incisor, mandibular left canine, mandibular left second pre-
molar and mandibular right canine for males and maxillary  right 
first premolar, mandibular left first  premolar and  mandibular left 
lateral incisors for females, entering the equation.

Conclusion
Stature is a main factor in determining the partial identity of 

mutilated bodies and skeletal remains. In the present study, the 
length of the tooth was found to be well correlated to stature with 
correlation co-efficient ‘r’ value ranging from 0.12-0.57 and SEE 
ranging from 3.2-5.5 years, having prediction accuracy better in fe-
males than in males. These results also show that 18 out of 28 vari-
ables (64.2%) having significant correlation with stature, indicating 
all the available teeth has to be considered in predicting height 
from tooth length. With these findings we can conclude that the 
length of the tooth can be a useful tool in the estimation of stature, 
when no other skeletal components are available for anthropologi-
cal or forensic identification. However, increasing the sample size 
and involving different population groups, may provide us more 
reliable information and regression formulae’s.
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