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Age-at-death estimation by cementochronology -Somewhere between indifference and overconfidence
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Understandably enough, the most commonly employed methods to assess age at death in adult skeletonized bodies rely on macroscopic indicators offering an optimal ratio between convenience and performance. Intrinsic and extrinsic limitations of these conventional techniques are acknowledged by practitioners and the increase of methodological adjustments and statistical corrections stimulate other approaches by disrupting this ratio. It cannot escape anthropologists' attention that the performance of cementum age at death estimation is recurrently claimed in literature. Yet, this technique named cementochronology exhibits a reverse ratio due to an unmatched precision obtained at the cost of a non-user-friendly preparation. Despite the somewhat insistent affirmations regarding its superior performance, it becomes clear that this technique remains marginalized. Demanding histological procedures cannot be the central reason for disregarding a technique with assumed performances far higher than achievable by any other methods. Unquestionably, this dental method is rejected because of its suspicious effectiveness.

Cementochronology relies on the seductive principle of yearly deposits of dental cementum which provide a direct access to chronological age. To endorse cementum investigations, an emerging assertion states that cementochronology does not require reference populations nor statistical validation. What is more convenient for a technique than a statement rejecting its own verification process? Strong correlation between chronological age and cementum estimates surely are the origin of such declaration. However, coefficients correlation range from .42 [START_REF] Kasetty | Dental cementum in age estimation: A polarized light and stereomicroscopic study[END_REF] to .97 [START_REF] Wittwer-Backofen | Tooth Cementum Annulation for Age Estimation: Results from a Large Known-Age Validation Study[END_REF] and the ideal relationship between chronological and cementochronological ages is continually discussed. For anyone who faces the difficulty of estimating age at death by means of biological traits, this ongoing debate clearly illustrates that in biology variability is the rule and demonstrates the necessity of reference collections in developing and testing this method. Rather than to encourage cementochronology's adoption, the invasive recommendations to apply cementochronology without criticizing and quantifying its limitations leads forensic anthropologists to judiciously remain oriented toward classical techniques, better standardized and better defined.

For most forensic anthropologists, cementochronology paradoxically appears to be a method where the simple principle is yet based on a complex biological tissue and where precision meets few approximations. As if to convince themselves of the perfect regularity of cementum deposits, all cementochronology investigators, of which I am one, cautiously reiterate in literature that, unlike bone, cementum is continuously formed throughout life and does not undergo remodeling processes. However, is it necessary to further specify that each of the three major types of cementum in human teeth [START_REF] Yamamoto | Histology of human cementum: Its structure, function, and development[END_REF] is divided by incremental lines and that this assertion only relates to the Acellular Extrinsic Fiber Cementum characterized by a constant growth rate and without an adaptive role. Hence, age estimate is basically achieved by adding the count of acellular incremental lines performed on the cross section to the age of the first acellular cementum deposit of the specific tooth. This principle is then primarily based on two approximations. First, the age of cementum initiation on which relies estimates varies depending if timing of tooth eruption or root completion are considered. Is this first uncertainty a matter of serious concern? In a developmental point of view where gingival and alveolar emergence, and where 1/2 and 3/4 root completion must be differentiated, surely. But at an anthropological level, where the digits after the decimal point will never mirror the precision of adult age at death estimation and where large age ranges must be the rule, surely not. Second, as demonstrated by the cementochronology users themselves, the biological variability underlying inconstancies in incremental lines assessments implies that the perfect regularity of the tissue construction during the long pace of cementogenesis throughout life must be questioned. This second approximation regarding acellular cementum as a tissue periodically deposited but possibly exhibiting little variation or remodeling is matter of severe concern since it touches the very fundamentals of cementochronology.

To integrate these biological considerations is a prerequisite to assess real performances of cementochronology. Therefore, some investigators suggest that inconstancies in age at death efficiency mostly result from methodological discrepancies. Nevertheless, if half a century after the original application on humans [START_REF] Mina | Autobiographies of animals[END_REF] and after numerous methodological experiments and adjustments there are still ongoing discussions on the efficiency of cementum age assessment, the question may legitimately be asked whether the biological marker is the primary reason of such inconstancies. Having said that, it would be very hard not to agree with the observation regarding a lack of standardization in cementochronology for sampling and preparing specimens and to deny its effect on performance. The lack of standardization results from the persisting and opportunistic sampling strategies that involve teeth regardless tooth types and timing of dental development. In addition, and critically, teeth extracted for therapeutic reasons continue to be the most frequent support of validation studies since they allow to collect large known-age samples. Consequently, investigations examine potentially disturbed cementum and the debate on the influence of pathology on reliability conceals the intrinsic limitations of the method. Then, it is perfectly comprehensible that the selection of non-standardized samples including pathological teeth in a single study is prejudicial for the results and that reference collections and standardized samples must be considered. Interestingly, whatever the method, the presence of pathological individuals in a validation study would result in the method being rejected by the scientific community, so one might wonder why cementochronology would represents an exception to the rule? Regarding the lack of standardization for histological preparation, this statement, correct few years ago, is now inappropriate and supports heterogeneous explorations that continue to mask cementochronology's intrinsic limitations. This persisting criticism may also be due to the diversity of clinical studies intending to grasp cementum structure, development and function. These tissue explorations are principally based on staining techniques requiring demineralization procedures. Nevertheless, these protocols also are implemented for age at death assessment by zoologists whose support is exclusively fresh teeth. When analyses focus on ancient material, staining procedures are unemployed due to alteration of organic matter. Forensic anthropologists whose investigations cover large range of post mortem interval can get confused with differing protocols. Therefore, a standardized and ISO-certified procedure ensuring reproducibility of the preparation phases have been proposed [START_REF] Bertrand | Procedure ISO-9001 -Cementochronologie[END_REF][START_REF] Colard | Toward the adoption of cementochronology in forensic context[END_REF] and can be applied on fresh and dry teeth. Even if this procedure enables a low failure rate contrasting with values published that can reach 80%, it obviously does not guarantee the reliability of estimations but enables to get rid of unsystematic extrinsic errors.

A last assumption in cementochronology practice lies in the low susceptibility of dental cementum to taphonomical processes. Dental tissues are indeed considered to be highly resistant, therefore cementum is the less mineralized of the three dental tissues and even if this tissue is not vascularized and not very porous, cementum is at the interface between environment and dentine whose tubules connect to the vascular system [7]. Since it is unquestionable that alterations impact on age estimation [START_REF] Ubelaker | Recent Advances in the Estimation of Age at Death[END_REF] and that several studies highlight complications due to cementum alterations [START_REF] Huffman | Analysis of Cementum Layers in Archaeological Material[END_REF][START_REF] Roksandic | Technical note: Applicability of tooth cementum annulation to an archaeological population[END_REF][START_REF] Gauthier | Assessing the application of tooth cementum annulation relative to macroscopic aging techniques in an archeological sample[END_REF], the question of taphonomy is fundamental in cementochronology. The impossibility to select an appropriate area during microscopic investigations may impact the count dispersion and may result in wider imprecision ranges or paradoxically in artificially improved precision due to a limited quantity of exploitable cross-sections.

Given the successive approximations regarding the initiation and the consistency of cementum deposits, and given the complications regarding protocols and taphonomical biases, how then to blindly trust performance reaching less than 2.5 years error [START_REF] Wittwer-Backofen | Tooth Cementum Annulation for Age Estimation: Results from a Large Known-Age Validation Study[END_REF][START_REF] Yamamoto | Histology of human cementum: Its structure, function, and development[END_REF][START_REF] Mina | Autobiographies of animals[END_REF][START_REF] Bertrand | Procedure ISO-9001 -Cementochronologie[END_REF][START_REF] Colard | Toward the adoption of cementochronology in forensic context[END_REF][7][START_REF] Ubelaker | Recent Advances in the Estimation of Age at Death[END_REF][START_REF] Huffman | Analysis of Cementum Layers in Archaeological Material[END_REF][START_REF] Roksandic | Technical note: Applicability of tooth cementum annulation to an archaeological population[END_REF][START_REF] Gauthier | Assessing the application of tooth cementum annulation relative to macroscopic aging techniques in an archeological sample[END_REF][START_REF] Kagerer | Age-at-death diagnosis and determination of life-history parameters by incremental lines in human dental cementum as an identification aid[END_REF]? And how to accept that the overall performance could be reduced to one value regardless to age groups? And what value should be placed on recurrent outliers leading to severe over/underestimation? Cementum age at death became a routine process in nonhuman mammals and there is no doubt that cementochronology is on track for forensic expertise since it fulfills crucial necessary conditions by providing access to an indicator reliably measurable and highly correlated to chronological age. But given the requirements in forensic anthropology, a standardized framework for the validation of the method is unavoidable [START_REF] Bertrand | Age at death estimation by cementochronology: too precise to be true or too precise to be accurate?[END_REF]. We must look beyond convenient assertions of an ideal indicator offering a direct access to chronological age and necessitating no statistical analysis nor reference collection. Then -and only then-precision, accuracy and reliability of cementochronology will be accessible to be defined and quantified prior to be accepted. No matter what the strong advocates for this dental technique can claim in literature, cementochronology is not the so eagerly awaiting method for age at death estimation, but one method among others, with its own limits, mean error, age ranges but also with its own overlooked potential.