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Abstract  

From a forensic perspective, estimation age-at-death in adults is a constant problem that impacts 

the development of investigations regarding the unidentified dead bodies and the need to identify 

them. Several procedures for estimation age-at-death in adults have been introduced in Peru, and 

are used in various fields such as bioarcheology and forensics, but very little is known about the 

levels of precision and accuracy of these procedures. The methods derived from the Lamendin 

technique have been widely used in Peru since the beginning of the year 2000, which have been 

validated and the levels of applicability and confidence of the method are known. However, a 

new estimation system using the Lamendin technique has been developed through a Bayesian 

model. This model stores the information measured in a Forensic International Dental Database 

(FIDB) that contains information of several populations which also contributes to assessing the 
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levels of applicability of the procedure. In this way there is more information that can contribute 

to strengthen the calculation and the final results. The results of this research have shown that the 

Bayesian model has a homogeneous behavior when it is applied in the Peruvian population, it 

even adjusts better than the procedures designed for the Peruvian specific population. Our 

research recommends using the Bayesian model for the forensic estimation of age in this 

population. Use of the Lamendin’s technique and its methodological derivatives may be 

candidates to start thinking about the global standardization of the method based on forensic 

Quality Management criteria, which include but are not limited to, interlaboratory measurement 

controls, calibration of measurement sources, application procedure guides. 
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Introduction 

 

From a forensic perspective, estimation age-at-death in adults is a constant problem that impacts 

the development of investigations regarding the unidentified dead bodies and the need to identify 

them. It is known that estimating age-at-death in adults includes, but is not limited to, the 

recognition of degenerative indicators in the skeleton, the description and comparison of 

morphological variants, which are generally called "phases or stages" or the measurement of 

certain morphological variants, as is the case of the physiological process of Root Dentin 

Translucency (RDT). The estimation concept has been traditionally used because the age-at-death 

in adults can be calculated using an algorithm that represents the behavior of the continuous 

variable, or the combination of the various continuous variables, which can take a value from 0 to 

110 years [1]. However, Nawrocki [1] has called the "trajectory effect" the effect of the degrees 

of error in early ages that are usually always greater than chronological age (overestimation of 

age) than in older adults (underestimation of age) where the biomechanical and physiological 

forces are more constant; therefore, the margins of error are usually very wide depending on the 

physiological marker and the chosen method. As is also known, these variables are conditioned 
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by extrinsic and intrinsic factors, so the degree of error in estimating age is inevitable. There is a 

consensus that recommends that if the entire body of an individual is available, all the age 

estimation methods available should be applied [2,3] because each age indicator has something 

significant to contribute, since which represents the constant variation of a particular trait to 

which each individual is subjected [1].  

Regarding the estimation age-at-death in adult form Peruvian population, a technique and method 

developed in the French population, known as Lamendin et al., [4] was applied in 2002 during 

the beginning of forensic operations to the recovery and analysis of human remains of 

disappeared persons in Peru. Subsequently, in 2003, other methods with similar characteristics to 

Lamendin et al., [4] and which had been validated for a black and white population in the United 

States [5], were also applied in Peru. In 2007, the method de Bang and Ramm [6] using the intact 

tooth technique was also applied. These methods were used in the Peruvian forensic context not 

only on skeletonized human remains, but also these methods were extended to unidentified dead 

bodies analysis to national level, inclusive in the bioarchaeological field.  

The methodological accessibility and the feasibility of applying this technique, due to the fact 

that it does not require further training and sophisticated technology, since it only requires the use 

of a calibrator and an appropriate light to record the RDT [7] has facilitated that these procedures 

are widely applied in Peru. However, when new analysis methods are used in a forensic context, 

they must be subjected to specific tests to ensure that such methods produce valid results and 

consistent with the intended target, or invalidate their use. Validation is related to the precision 

and accuracy of a method applied on a population other than the reference sample, therefore, if 

the results obtained agree with the descriptions of the original method on another population, the 

method would be validated for its applicability.  

 

Variability conditions for methodology calibration 

 

Since the initial approach of Lamendin et al., [4], at least ten types of variability conditions have 

been measured as calibration elements of the method for the application of the Lamendin’s 

technique and its derived methods. Variability conditions for methodology calibration include but 

are not limited to: 1) calculation differences between different single root teeth; 2) differences 
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between the upper (maxillary) and lower (mandibular) arches where the tooth comes from; 3) 

differences at the level of the buccal or vestibular and lingual or palatal surfaces; 4) inter- and 

intra-observer differences in the application of the technique; 5) measurement procedure and light 

medium generated by RDT; 6) the behavior of the variables and the correlation with age; 7) the 

sex of the observed individual; 8) population variation; 9) statistical strength and, 10) taphonomic 

impact and postmortem interval. Currently there is more knowledge about the variability of the 

types of conditions and their significance for the calibration of the methods that are derived from 

the Lamendin’s technique [4]. 

 

Regarding the first condition, Foti et al., [8] when studying a sample of 52 French individuals 

using the Lamendin’s technique [4], found that there were no statistically significant 

measurement differences for the estimation of age between the teeth, either at the level of 

maxillary or mandibular pieces (second condition). Similar results have been reported by other 

researchers when they applied the same technique, who also did not find statistically significant 

differences [9,10]. These investigations are supporting the idea that there is no significant 

evidence to choose a special type of single-rooted tooth that offers better results in estimating 

age, since all of them would offer similar results regardless of whether they come from the 

mandible or the maxilla; results that differ with the suggestion made by Lamendin et al., [4] who 

indicated that the upper central incisors would offer better results. 

 

Third condition, the study by Lamendin et al., [4] suggested using the buccal surface because on 

this surface the RDT is higher than the lingual surface and because the periodontal insertion on 

the buccal surface “is less susceptible to be influenced by pathologic factors such as infections” 

([4]: 1375). In this regard, Foti et al., [8] took the issue with caution and recommended further 

research to clarify the matter. Ubelaker and Parra [11] took the initiative to compare both tooth 

surfaces, and concluded that the differences were minimal and that both offered good results, 

although they noted that the buccal surface could offer somewhat more accurate results. In a 

recent study by Garizoain et al., [9], using a larger sample than that of Ubelaker and Parra [11], 

they concluded in the same way, where the buccal surface offered more exact results, but that the 

differences in the result end are minimal. Garizoain et al., [9], also show that there are 

morphological differences between buccal RDT and lingual RDT, where buccal RDT would be 
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higher than lingual RDT, similar to what was initially suggested by Lamendin et al., [4], while 

that Parra et al., [12] find the same observations. These observations would explain the reason 

why the buccal surface would have an even higher determination performance (R2 0.74) 

compared to the lingual surface (R2 0.69), as reported by Ubelaker and Parra [11], although both 

are not statistically significant. However, to date there is no evidence to explain physiologically 

the reasons why this region would have a greater degenerative development, which would be 

closer to explaining physiological age. For forensic purposes, these differences are statistically 

insignificant and both would have the same probative value. 

Fourth condition, repeatability conditions are observations in which independent measurement 

results are obtained with the same technique and with identical measurement elements by the 

same operator, using the same measurement equipment (Intraobserver) [13]; while the 

reproducibility condition is the observations in which independent measurement results are 

obtained with the same technique and with identical measurement elements, but with different 

operators using different measurement equipment (Interobserver) [13]. Controlling the variability 

of the measurements by different observers (reproducibility) or the same observer (Repeatability) 

at different times is very important, because the reliability of the results and the calibration of the 

methods will depend on these evaluations. 

Several investigations have studied this type of variability and have shown that it is statistically 

insignificant [7,9,11,12,14,15,16,17]. Ackermann and Steyn [14] after analyzing a control sample 

of 30 teeth chosen at random, they concluded that at the intra- and inter-observer level there were 

no statistically significant differences. Ribeiro Lopes et al., [15] also reported that after analyzing 

10 randomly chosen samples their results were statistically similar. Garizoain et al., [9] using 44 

randomly chosen teeth demonstrated that the Intraclass Correlation Coefficients (ICC) show a 

high correlation between the measurements made. Similarly, Parra et al., [12] evaluated these 

same criteria in a control sample of 47 teeth; they also demonstrated that the ICC of the measures 

developed by the main observer and by two different observers were very high. In a study by 

Kimmerle et al., [16] they show that the repeatability levels coincide with the results of Ubelaker 

and Parra, [11] and Prince and Ubelaker [5] who suggested that observer-to-observer biases or 

bias of the same observer in the final results of these methods are minimal. 
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Fifth condition, to measure the transparency zone, direct techniques have been used on the 

sectioned tooth [18,19,20,21,22] and indirect techniques, where observations are made on the 

intact tooth [4,5,6,9,11,23,24,25]. The evaluations have been quantified by subjective indices 

[18,19], directly measuring translucency [26], measuring the area of translucency [27], the 

translucency expressed over the length of the tooth [21], the area of the translucency expressed 

over the area of the root [20,25], and the height of the translucency expressed over the length of 

the root [4,5,11]. Drusini et al., [25] compared two techniques to measure root translucency, one 

of them using computerized densitometric technology and on the other hand a simple calibrator; 

the aforementioned techniques were applied to a sample of 152 teeth, including incisors, canines 

and premolars. They found no significant differences between the two techniques, so the 

measurement of root translucency with a simple caliper would provide data as reliable as 

complex technologies. 

On the other hand, Adserias-Garriga et al., [7] were the first to carry out a study on the light 

condition in measurements of root transparency, they applied three different types of lights, 6500 

lx (microscopic light); 3000 lx (negatoscopic light) and, 1600 lx (equivalent to daily sunlight) 

and established that 1600 lx illumination is the correct setting to perform root transparency 

measurements. Few authors have reported in their research the type of light they used to measure 

root translucency. Initially, the use of a light box was reported for these measurements 

[4,5,11,15,17,24], while Foti et al., [8] reported a 16w X-ray viewer, as did Retamal and 

Ubelaker [24] who also used a X-ray viewer; and Garizoain et al., [26] who used an LED X-ray 

viewer. Adserias-Garriga et al., [7] have recommended that appropriate lighting should be taken 

into account when measuring root translucency because it contributes to better results. 

 

Sixth condition, the translucency of root dentin is a physiological marker of aging with a high 

degree of correlation with age [12] which is remotely influenced by internal and external factors 

[12]. However, the physiological translucency of dentin could suffer pathological attack from 

bacterial agents that can cause tubule filling with similar characteristics as physiological 

translucent dentin [28,29,30,31,32,33,34]. The choice of one or more healthy teeth for the 

application of the Lamendin’s technique [4] is very important because the prevalence of this type 

of caries has been observed mainly in adults [35,36,37,38]. 
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On the other hand, although it has been reported that periodontosis has a positive correlation with 

age [39,40,41]. Periodontosis is more influenced by external and internal factors [36,42,43,44]. 

Ubelaker and Parra [11] have indicated that periodontosis could affect the accuracy of the method 

because it is conditioned by the factors mentioned above. Tadjoedin et al., [45] observed that 

chronic gingival and periodontal disease predominate among young adults and middle adults, 

while aggressive periodontitis tends to prevail in older adults. However, they have argued that 

periodontal disease tends to be related to age, as was also observed by Parra et al., [12] who 

found an important coefficient of determination for this variable (R2 0.59) and that it contributes 

to a better performance of the methods derived from the Lamendin’s technique [4]. Although the 

periodontal disease for the particular Peruvian case is epidemiologically varied [46], even in 

areas where coca leaf chewing is frequent [47,48] the impact on the final results would be 

minimal [11].  

 

Seventh condition, some reports have mentioned that root transparency may be affected by 

biological sex [5,27,49], but other authors have shown that the condition of sex is minimal 

[9,11,17,23,50], it does not even represent any significant difference [8]. Parra et al., [12] 

corroborate that the behavior of the translucency of the root dentin does not present statistically 

significant differences related to sex and they show that sex only significantly influences root 

height, which is the variable that less explains the age of the individual. 

 

Eighth condition, Whittaker and Bakri [22] and Parra et al., [12] studied the behavior of the 

population variation on the translucency of the root, which is the main variable used by the 

methods derived from the Lamendin’s technique [4]. Both investigations agreed that there are 

population differences in the behavior of the RDT. Parra et al., [12] indicated that all the 

variables measured have a variable impact with respect to the population type. However, despite 

these results are not significantly influenced in the final result [10,11,12,15,17,23,24,51,52].  

 

Parra et al., [53] Ubelaker and Parra [54] and Prince and Ubelaker [5] opened the debate 

regarding the estimation of age in adults and the impact of population variation using a method 

derived from the Lamendin´s technique [4]. Ubelaker and Parra [54] and Parra et al., [53] argued 

that these procedures could behave in a homogeneous way in any type of population in the world. 
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Subsequently, various investigations have confirmed these observations [9,10,17,24]. Recently, 

Parra et al., [12] also confirm these findings by using a Forensic International Dental Database 

(FIDB) that combines several types of populations and a Bayesian methodology for calculating 

age estimates, which seems to have a generalizable scope for diverse population types. When 

Parra et al., [12] applied this methodology in a Colombian sample, the method had an appropriate 

performance above the specific methods for that population. 

 

Ninth condition, the foundation and the statistical solidity has been one of the main discussions 

that have been held to avoid bias in the estimates of age in adults 

[55,56,57,58,59,60,61,62,63,64,65,66,67]. The Rostock manifesto has been one of the consensus 

that has directed the debate towards the use of the Bayesian approach [63,68,69]. These classical 

calibration models for age-at-death in adults have been developed and seem to offer good results 

minimizing biases in the estimates, mainly in older adults [51,68,69,70]. 

 

In forensic sciences, age estimation procedures have been used in adults that have been based on 

inverse calibrations using reference samples not properly distributed. In other words, most of the 

methods that have been developed to date have been developed on linear or multiple regression 

equations with limited control for bias, error, and statistical weight of the estimates. In the case of 

the methods derived from the Lamendin’s technique [4], the same has been happening, where the 

formulation of estimation methods has been generated from inappropriate reference samples. 

According to Prince and Konigsberg [51], this type of procedure is inappropriate, “unless the 

target sample has a similar age-at-death distribution as the reference sample” [51: 579]. 

Appropriate information will be required to minimize biases in the estimates, which implies 

developing new strategies that contribute to the best distribution of the sample, which could 

involve the combination of various population types to build robust samples [1]. 

 

Parra et al., [12] built a database of 693 individuals combining various population samples as a 

priori information which can be feed with more information. They used a Bayesian regression 

model to calculate the estimate of adulthood where the confidence intervals for the Bayesian 

regression coefficients for Periodontal Height (PH) and Root Translucency Height (RTH) are 

relatively small, indicating that these estimated coefficients are very close to the coefficients of a 
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population regression. The coefficient of determination for this method was R2 0.72 with a mean 

error of 2.06 years. When this method was applied to a sample of Peruvian individuals for this 

study, a determination coefficient of R2 0.58 was obtained with a mean error of 3.08. 

Prince and Konigsberg [51], applied Bayesian analysis in a population sample from the Balkans. 

They found that the Bayesian approach offered the most appropriate statistical analysis for that 

sample. They also determined that there was a significant difference between the real and the 

estimated age but that this result was trivial, with a determination coefficient of R2 0.53 and a 

mean error of 1.51 years. According to Prince and Konigsberg [51] and Schmitt et al., [50] it has 

been shown that the application of Bayes' theorem tends to minimize the underestimation of age 

in the elderly. However, according to Parra et al., [12] all the procedures would lose their 

potential possibility of estimation age-at-death in adults from 80 years of age, because the main 

variable that explains age loses its correlation with age biological due to the slow physiological 

behavior of the RDT which would be stationed in a constant plateau [12].    

 

Tenth condition, the environment and the post-mortem interval play an important role in the 

diagenesis of dental tissue, which may constitute an impediment to the use of RDT as a source 

for the estimation of adulthood at death [67,71,72,73,74]. The translucent properties of RDT and 

their visual evaluation, as well as biases in the metric of the properties in question can be affected 

by taphonomic forces such as water, the chemical composition of the soil, pH, temperature and 

humidity, as well as activities of microorganisms [12,49,71,74,75,76]. 

 

In 1995, Lucy et al., [67] noted changes to the internal microstructure that obliterated 

translucency dentin of sectioned tooth roots from a mediaeval cemetery. They highlighted that 

such changes were generated by the effect of diagenesis and that these effects could destroy 

RDT. Some of these post-mortem changes have been recorded as diffuse decay and eroded 

surfaces [71]. Poole and Tratman [77] have pointed out that there may be colonization and 

proliferation of microorganisms during the post-mortem interval. Although the exact fungal 

group is not yet known, data suggest that it is an acidogenic microorganism highly harmful for 

the dissolution of inorganic substances. Sillen [76] suggested that acidogenic microorganisms 

attack collagen and excrete organic acids. Such mechanisms can cause dissolution of the 

inorganic component and destruction of the histological structure. 
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Sengupta et al., [71] studied the RDT of the Spitalfields collection (London), consisting of 

individuals who lived during the 19th century. They pointed out that most teeth had a clayish or 

chalky appearance, and that these characteristics had a negative impact on age estimation; 

although Tang et al., [72] noted that the observations developed by Sengupta and colleagues [71] 

did not appear to have a relationship with the post-mortem interval and instead was thought to be 

caused by the post-mortem environment. In 1999, Kvaal y During [74] conducted a study on 

remains that had been underwater on a sunken ship for over 300 years. They noted that root 

translucency had been affected by the aquatic environment. The nature of these biochemical 

mechanisms of action are not well known. 

 

Although both the Lamendin and the Bang and Ramm techniques are very useful when applied to 

samples from recently deceased individuals [3,5,11,23,51,78], their usefulness may be limited in 

contexts in which diagenesis is a threat. Dentinal diagenetic changes have been found by several 

researchers to significantly reduce our ability to predict age through RTH in archaeological 

material [67,71,72,73,74,79,80,81] but, although translucency is observed, there are also findings 

of wide biases that would be impacting the results, not for physiological reasons, but rather for 

external forces [73]. On the other hand, if translucency is not observed in intact historical teeth 

with may therefore not always indicate a young age but rather an advanced degree of postmortem 

change [72].  

 

Megyesi et al., [73] found that when the Lamendin’s technique was applied to two historic 

populations from London during the 18th and 19th centuries, the mean error increased 

substantially. The same results was found by Marcsik et al., [82] in a study of 250 teeth from the 

8th and 10th centuries. When Tang et al. [72] studied historical samples using root transparency, 

through the Bang and Ramm procedure, they found that in those teeth that did not suffer the 

impact of diagenesis, the procedure could be used in a way more comparable to the results of 

contemporary samples. In bioarchaeological samples, the application of such age estimation 

procedures should be taken with caution. 

 

On the other hand, the periodontal indicator may also be affected, since the longer the post 

mortem interval, the greater subjectivity would be obtained to determine the periodontal 
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regression marker, even this could be imperceptible [72]. Although more research is required on 

these issues, it is increasingly argued that this type of procedure using the methods derived from 

the Lamendin’s technique [4] could be ineffective for historical contexts, and even more so in 

bioarchaeological contexts. It is not yet clear what are the biochemical modifications that dentin 

translucency undergoes during the postmortem interval under various types of conditions. De 

Angelis et al. [95] when studying a sample of 21 adult individuals who were buried for 16 years 

in Cimitero Maggiore di Milano, concluded that the postmortem interval, even for a short time 

(16 years) can significantly influence in the applicability of Lamendin’s technical [4]. 

Observations developed in Peru, with bodies buried between 25 and 30 years old, would not have 

suffered modifications in the morphology of the RDT, and periodontosis is still perceptible. The 

margin of error has been shown to be minimal with respect to the correlation with chronological 

age, both in terms of precision and accuracy. 

 

Procedure validation for Peru 

 

Ubelaker and Parra [11], validated the methods of Bang and Ramm [6], Prince and Ubelaker [5], 

and Lamendin et al., [4] to estimate the age in an adult population sample from 17 different 

regions of the Peru. They established that the method of Prince and Ubelaker [5] offered better 

results, and based on the principles of this method, they formulated a new multiple regression 

equation specially adapted for the Peruvian population. The results of Ubelaker and Parra [11] 

using this new methodology were 6.84 years with a standard deviation of 6.32 years for the 

female sample and for the male sample it was 6.08 years with a standard deviation of 5.86 years. 

They did not find statistically significant differences to use this methodology regardless of the 

sex of the individual analyzed. The total mean error was 6.29 years with a standard deviation of 

5.97 years for the total sample. Later, other studies on Peruvian samples have confirmed the 

initial findings [83,84,85,86,87]. However, the main contribution of Ubelaker and Parra study 

[11], was to show that although the Peruvian population is clearly different from the French 

population, European and African descendants from the United States, there did not seem to be a 

relevant impact on population variation. Likewise, the results coincide with other investigations 

that have been reported for other population contexts [5,23,51,52]. 
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On the other hand, Peru is located in the Midwest of South America, with one of the most 

diverse, geographical and ecological climates in the world, from the tropical or subtropical desert 

to the glaciers in the high Andes mountains and the Amazon rainforest. In a diverse country like 

Peru, which brings together Amazonian populations, from the central Andes mountain range, and 

from the desert coast of the Pacific Sea, it includes a varied heterogeneity of genetic load 

[88,89,90,91], different phenotypes and varied cultural traditions [92,93]; It could be interpreted 

that, due to its population diversity, specific forensic age estimation methods are required for 

each group or subgroup, which is absolutely unnecessary [1]. For example, an age estimation 

procedure is unnecessary for each Peruvian region (Jungle, Coast, Mountains and High 

Mountains) and even less for each specific locality (Cusco, Puno, Lima, Iquitos, Huanuco, etc.). 

Forensic sciences do not focus on describing and interpreting population diversity and variability, 

that is an area of study for biological anthropologists. We are interested in knowing the level of 

accuracy and precision of the analysis method [94] to demonstrate the quality of the results 

obtained. 

 

The objective of this research is to verify on a contemporary Peruvian sample the level of 

accuracy and precision of the Bayesian model that was proposed by Parra et al., [12] as well as to 

study the behavior of degenerative physiological variables such as RDT and the marker of 

periodontal disease. To address this issue, samples have been collected from three regions of 

Peru, which were contrasted with five inverse calibration methods with the intention of verifying 

the behavior of their results. The results of the analysis of the observed variables will be 

incorporated into the BDI in order that they continue to serve as a source of information for 

future analyzes and calculations for estimation age-at-death in adults. 

 

Materials and methods 

Samples  

The sample was collected in six different regions of Peru, from individuals with known identity. 

The sample is between 18 and 85 years old, with an average age of 45.94 years and a standard 

deviation of 12.77 years. 
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The sample comes from studies carried out by Peralta [87] on individuals from the Lima region; 

Murrieta and Vela [85] from Iquitos, García [84] from Cusco and samples provided by Alejandro 

Zegarra and Sharon Olgado from the Cusco, Puno, Arequipa and Apurímac region. 

Table 1 shows the distribution of the sample by sex (10 women and 224 men) according to the 

region of origin. Female individuals comprise 4.27% of the sample, including 9 individuals from 

the Cusco region (3.85%); 1 individual from the Puno region (0.42%). The 224 male individuals 

represent 95.73% of the total sample, including 90 individuals from the Lima region (38.46%), 

90 from the Iquitos region (38.46%), 39 from the Cusco region (16.6 %), 2 from the Arequipa 

region (0.85%) and 2 from the Apurímac region (0.85%). Table 2 shows the distribution by age 

category. 

 

Methods  

The measurements of these studies were based on the technique described by Lamendin et al., [4] 

which implies the measurement of the variables (root height, periodontosis height and root 

transparency). A digital caliper (with the values recorded in millimeters) was used to obtain the 

measurements. (See figure 1). 

The measurements were developed by specialized professionals: Peralta [87] with samples 

collected from the Central Morgue in Lima of the Institute of Legal Medicine and Forensic 

Sciences of Peru (ILMFSP); García [84] with samples taken from living people during clinical 

interventions; Murrieta and Vela [85] collected data that were documented between 2014 and 

2018 in the Medical Legal Division II (Iquitos Morgue – ILMFSP); Zegarra and Olgado provided 

samples collected from the Medical Legal Division II (Cusco Morgue – ILMFSP). To estimate 

dental age, the methods proposed by Lamendin et al., [4] (LBHTNZ), Prince and Ubelaker [5] 

(PU), Ubelaker and Parra [11] (UP), Vilcapoma [83] (V) and Parra et al., [12] (INT Bayesian) 

were applied. 

Finally, the variables RTH, Root Height (RH) and PH were evaluated for different age categories 

within the sample. The calculation of the method of Parra et al., [12] (INT), was performed using 

the R System version 4.0.1. For data processing and statistical analysis, the IBM SPSS version 25 

program was used. 
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Results 

 

Table 3 shows the estimation of the precision and accuracy of each method (INT, LBHTNZ, PU, 

UP and V), for the Bayesian model (INT) a mean of 3.09 and standard deviation of 8.24 were 

found; for the LBHTNZ methods a mean of 3.52 and standard deviation of 8.52; PU a mean of 

2.43 and standard deviation of 8.41; UP a mean of 1.04 and standard deviation of 8.75; V a mean 

of -0.9 and standard deviation of 8.93. An analysis was carried out to determine the precision 

according to the INT, LBHTNZ, PU, UP and V methods and it was found that the Bayesian 

model (INT) is the one with the highest precision in predicting the age of an individual, with an R 

of 0, 76 and an R2 of 0.57, being the highest of all the methods analyzed. 

 

Table 4 shows the descriptive statistical data of HR, PH and RTH according to age category. The 

results of the mean RTH errors found are shown in Figure 2. 

 

Table 5 shows that RTH has a positive linear correlation with the chronological age with an R 

0,69 and with a p<0,05 indicating that there is an increase in translucency as age advances. PH 

with an R 0,31 and with a p<0,05 and RH with an R 0,10 shows a very low correlation with 

chronological age, with p>0,05, which indicates that there is no increase in root resorption as age 

advances.  

 

Table 6 shows that the application of the Bayesian model (INT) according to the age category in 

the group of 18-29 years found a mean error of -14.62, followed by the group of 30-39 years with 

a mean error of - 4.41, the 40-49 year group a mean error of 0.54, the 50-59 year group a mean 

error of 3.25, the 60-69 year group a mean error of 3.35, the group of 70-79 years a mean error of 

12.34 and the group <80 a mean error of 14.43; these results are favorable in the age categories 

30 to 69 years in comparison with the mean errors found in the original study by Parra et al., [12] 

where they are favorable for the 30 to 79 years age category and in In the <80 years category, the 

mean errors were also higher than those proposed by the method. The Bayesian model (INT) 

offers the lowest total mean error (2.12 years), these results, like those of the study by Parra et al., 

[12] (6.83 years) indicate that its predictive behavior is more homogeneous than the other 

methods. 
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There is a closer relationship between the chronological age and the estimated age in individuals 

who are in the range of 30 to 69 years, where no significant differences were found (p> 0.05), 

and in individuals older than 70 years the relationship is more dispersed where most of the 

estimates are below the chronological age and the differences were significant (p <0.05). 

 

Discussion  

 

One of the degenerative indicators that has shown important utility in adult individuals has been 

RDT, but its combination with other markers such as PH and RH have strengthened the analysis 

method [4]. Regarding the methods derived from the Lamendin’s technique [4], all of them have 

shown mean absolute errors of between 6 and 13 years in several forensic context 

[4,5,11,23,51,24,17,10,12]. When Ubelaker and Parra [11] found that other methodologies 

developed for another type of population could be used in the Peruvian forensic scenario, which 

offered acceptable results, as well as the procedure specially designed for Peru. Meanwhile, table 

7 shows the comparison of the mean error and standard deviation of the methods Lamendin et al., 

[4], Prince and Ubelaker [5], Ubelaker and Parra [11] and Vilcapoma [83] that were applied by 

local investigations such as Vilcapoma [83]; Peralta [87]; García [84] and Murrieta and Vela [85] 

which support the initial report by Ubelaker and Parra [11]. Table 3 shows what was found by 

this research with similar findings. Both tables highlight that all the methods applied in Peruvian 

samples do not differ significantly between them, and it seems that they behave homogeneously. 

However, of all the results observed, Vilcapoma trend [83] to offer greater accuracy, but of all the 

methods analyzed, it is the method with the least precision. The best performance in terms of 

efficacy is the method proposed by Parra et al., [12] which sees a better balance between 

accuracy and precision. Knowing the margin of error for the methodological precision for 

estimation age-at-death in adults is of greater relevance than its closeness to the real age 

(accuracy); that is, knowing the precision of the results is more important than the accuracy of the 

results, which is irrelevant. Nawrocki [1] has highlighted that narrow error intervals could 

exclude people who have been wanted and who could potentially be relevant candidates. 

 

On the other hand, too wide a range may include other people who should not necessarily be 

candidates. Other investigators have also noted this problem [3,50]. Practical experience in 
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various settings around the world certainly reflects this problem, so it is much more relevant to 

find a balance between levels of accuracy and precision of the method. Therefore, if the methods 

used are behaving in a balanced way and there are solid statistics, it can be highlighted that the 

method is reliable, offers quality of results, greater efficiency and therefore greater probative 

value. 

 

In our study we show the levels of statistical solidity of the analyzed methods, which are 

represented in table 5. There we observe that the method of Parra et al., [12] shows greater 

statistical solidity than the other methods studied, where the Vilcapoma’s method [83] is the one 

with the least statistical solidity, the greatest imprecision, but paradoxically with the highest 

accuracy. 

 

Trajectory effect 

 

Parra et al., [12] have reported that the methods derived from the Lamendin’s technique behave 

homogeneously in accuracy and precision between 30 to 69 years of age, so there is a reliable 

balance to estimate age in adult individuals. It is important to note that among the age categories 

20 to 59 years of age, most methods tend to overestimate age. The overestimation of age is more 

evident among young individuals aged 20 to 29 years, and the underestimation of age would start 

from 60 years of age, where 60 to 79 years the methods offer reasonably acceptable results. 

Meanwhile, in individuals between 80 to 110 years of age, none of the methods was reliable to 

estimate age. The control sample used by Parra et al., [12] confirms the trajectory effect in 

individuals aged 60 to 110 years as in young individuals aged 20 to 29 years. The results of this 

investigation coincide with all the aforementioned reports (see table 6). 

 

Ribeiro Lopes et al., [15] when they applied the Lamendin method on the Brazilian population, 

they found a mean error of 7.55 years in the age category of 40-59 years, and a mean error of 

21.06 years in individuals who are above the 60 years, similar results were shown by the study by 

Zorba et al., [17] on modern Greek population showing a bias of 7 years in the range of 50-59 

years and mean errors of between 16 and 26 years in older individuals to 60 years. Retamal and 

Ubelaker [24], studied the behavior of various methods in a sample of the Chilean population and 
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found mean errors of between 7 and 13 years in individuals aged 51 to 60 years and mean errors 

between 15 and 31 years in individuals older than 60 years. Garizoain et al., [9] applied the 

Lamendin method in an Argentine sample and found a mean error of 10.63 years in the age 

category from 51 to 65 years, and a mean error of 19.38 years in individuals from 66 to 80 years. 

Age estimation methods such as Lamendin et al., [4 Prince and Ubelaker [5], González-

Colmenares et al., [23] Ubelaker and Parra [11] and Sarajlic et al., [52] including those methods 

that use Bayesian statistics such as those of Prince and Konigsberg [51], Schmitt et al., [50] and 

recently Parra et al., [12] show results that in groups of adults over 50 years of age 110 years, 

chronological ages are always underestimated; and in groups of young adults under 40 years of 

age, chronological ages are usually overestimated. 

 

This research found the following results for the Bayesian model (INT), in individuals aged 18 to 

29 years a mean error of -14.62 years, a mean error of 12.34 years in individuals aged 70 to 79 

years and in older individuals of 80 years a mean error of 14.43 years (see table 6). 

Regarding the physiological factors that would explain the trajectory effect for this type of dental 

methods, our work agrees with Bang and Ramm [6] who argued that the development of 

translucency is slower as it approaches the coronal region, where the Physiological process could 

be further delayed. Along the same line of thought, Parra et al., [12] have argued that the 

trajectory effect for this type of method can be explained because close to the coronal portion of 

the root "the dental area in this region is much Wider than in the apical portion of the tooth root, 

and the physiological mechanism of inorganic salt deposits probably requires more time to 

generate translucency. At the apex level, the effect is exactly the opposite, as there is less dentin 

area, the process of inorganic salt deposits is much faster, and the translucency is noticeable more 

quickly”. This research agrees with Parra et al., [12] who showed that the RDT follows a linear 

and ascending behavior until the eighth decade of age, after this constant rise threshold, it seems 

that the RDT reaches a plateau where this indicator of age loses its usefulness. (See figure 3). 

Conclusion 

 

This study examined the forensic applicability of a Bayesian model using root translucency 

height (RTH) and periodontal height (PH) as a means of estimating age at death in adults from 
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the criteria of the Lamendin’s technique [4]. The RDT has shown that the correlation with 

chronological age is the main indicator of adulthood (r = 0,69), and periodontal regression 

contributes positively to the calculation (r = 0,31). The combination of both criteria has provided 

an acceptable correlation (r = 0,75), particularly for people between 30 and 69 years old. The 

results confirm that the overestimation can be reduced but not eradicated due to strictly 

physiological factors. 

 

Due to the fact that various calibration conditions are known for the use of the Lamendin’s 

technique [4], which have been examined over the years, and all seem to agree positively on the 

benefits of the procedure for estimation age-at-death in adults; the use of the Lamendin’s 

technique [4] and its methodological derivatives may be candidates to start thinking about the 

global standardization of the method based on quality management criteria, which include but are 

not limited to, interlaboratory measurement controls, calibration of measurement sources, 

application procedure guides, as well as systems for storing and calculating historical information 

or a priori data. This research contributes to the BDI proposed by Parra et al., [12] which will be 

included as a priori information with prior knowledge of the quality of the data, which have been 

reported in this work. 
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TABLES AND FIGURES 

  

Table 1. Distribution by sex and region of origin. 

   Sex    

  Female  Male  Total 

Region/ Origin n % n % n % 

Apurímac 0 0 2 0,85 2 0,85 

Arequipa 0 0 2 0,85 2 0,85 

Cusco 9 3,85 39 16,6 48 20,51 

Iquitos 0 0 90 38,46 90 38,46 

Lima 0 0 90 38,46 90 38,46 

Puno 
Total 

1 

10 

0,42 

4,27 

1 

224 

0,42 

95,73 

2 

234 

0,85 

100,00 

 

Table 2. Distribution by age category.  

 

Age category N° % Minimum 

age 

Maximum 

age 

Mean SD 

18-29 13 5,56 18,00 29,00 23,4615 3,52646 

30-39 62 26,50 30,00 39,38 34,5044 2,87367 

40-49 73 29,91 40,00 49,95 44,2396 2,87427 

50-59 60 26,92 50,00 59,00 53,9908 2,80551 

60-69 12 5,13 60,00 68,00 63,3333 2,77434 

70-79 10 4,27 71,00 79,00 73,9000 2,42441 

>80 4 1,71 84,00 85,00 84,5000 ,57735 

Total 234 100,00 18,00 85,00 45,941 12,775 

 

 

Table 3. Estimation of the accuracy and precision of each method. 

 

Methods Statistical indicators 

N° r r2 Mean SD Concordance 

CCI 

p 

INT Bayesian 234 0,761 0,579 3,088 8,242 0,847 p<0,05 

LBHTNZ 234 0,749 0,561 3,520 8,524 0,830 p<0,05 

PU 234 0,737 0,543 2,429 8,412 0,832 p<0,05 

UP 234 0,745 0,555 1,036 8,748 0,856 p<0,05 

V 234 0,687 0,472 -0,089 8,929 0,825 p<0,05 
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Table 4. Descriptive statistics of the behavior in millimeters (mm) root height 

(RH), periodontal height (PH), and root transparency height (RTH) by age 

category. 

 

    RH (mm) PH (mm) RTH (mm) 

Age category N° Mean SD Mean SD Mean SD 

18-29 13 16,123 2,945 2,338 0,828 2,431 0,907 

30-39 62 14,631 2,525 2,445 0,781 2,594 0,793 

40-49 70 15,063 2,617 2,729 0,870 4,005 1,596 

50-59 63 14,743 2,014 3,062 1,181 5,947 2,492 

60-69 12 13,498 3,565 2,555 0,998 8,711 3,867 

70-79 10 16,085 2,781 2,495 0,694 10,212 5,492 

>80 4 11,800 0,577 7,300 3,464 7,300 3,464 

Total 234 14,829 2,562 2,781 1,196 4,629 2,986 

 

Table 5. Correlation of the variables that estimate age. 

 

Variable n r r2    p 

RTH 234 0,69 0,47 p<0,05 

PH 234 0,31 0,10 p<0,05 

RH 

RTH & PH 

234 

234 

0,10 

0,75 

0,01 

0,56 

p>0,05 

p<0,05 
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Table 6. Mean error and standard deviation of the estimated age in all age 

categories. 

 

Age 

category 

N° INT Bayesian LBHTNZ PU UP V 

Mean SD Mean SD Mean SD Mean SD Mean SD 

18-29 13 -14,62 4,28 -14,50 3,54 -13,87 4,02 -13,58 6,94 -13,40 6,21 

30-39 62 -4,41 3,41 -4,88 2,51 -4,91 2,91 -4,88 5,09 -5,75 4,37 

40-49 70 0,54 4,06 0,53 3,76 0,52 3,64 0,12 5,41 0,22 5,00 

50-59 63 3,25 7,05 3,45 7,61 3,50 6,83 3,10 8,45 3,62 8,23 

60-69 12 3,35 8,11 2,85 8,53 2,92 8,07 6,82 8,92 5,09 8,24 

70-79 10 12,34 15,05 12,87 16,44 13,73 15,79 16,33 15,73 16,66 17,93 

>80 4 14,43 20,16 18,43 15,83 13,90 17,94 7,66 30,32 14,94 18,34 

TOTAL 234 2,13 6,37 2,68 5,78 2,26 6,06 2,22 9,01 3,05 5,91 

            

 

 

Table 7. Comparison between the methods applied by the researchers. 

 

   LBHTNZ PU UP V 

AUTHOR N° REGION MEAN SD MEAN SD MEAN SD MEAN SD 

Vilcapoma 

2012 

50 LIMA 5.6 5.61 5.49 5.02 7.01 4.24 3.7 3.53 

Peralta 2020 90 LIMA 4,62 4,91 3,57 4,58 2,18 3,66 0,15 4,46 

García  

2018 

30 CUSCO 3,66 4,20 1,11 4,56 2,02 4,50 -2,0 3,87 

Murrieta y 

Vela 2018 

90 IQUITOS 4,26 11,71 1,37 11,63 -1,04 12,49 1,17 12,83 
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Figure 1. Dental features used for age estimation. Adapted from Ubelaker and 

Parra [11]. 

 

      

 

 

 

 

  

Jo
ur

na
l P

re
-p

ro
of



 

Figure 2. Root transparency height in millimeters by Age grouped (IDB  234) 
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Figure 3. Comparison of RTH by age category between this investigation and that 

of Parra et al., [12]. 

 

 

Jo
ur

na
l P

re
-p

ro
of


