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CAPITOLO 1 

 

Introduzione generale  

 

1.1 Antropologia fisica e forense, definizione e prospettive d’indagine. 

Quatrefages de Bréau (Vallerange, 1810 - Parigi 1892) fu un naturalista francese che si occupò, tra 

l’altro, della dentatura dei roditori, dell’anatomia degli anellidi, di molluschi bivalvi e perfino della 

fecondazione artificiale del pesce. Era un naturalista a tutto campo, uno dei più importanti del 

diciannovesimo secolo. La ragione per cui egli introduce questa tesi di dottorato è però dovuto al 

fatto che Quatrefages s’interessò anche alla specie umana, al cui studio dedicò buona parte della sua 

vita. Egli fece chiamare “cattedra di antropologia” quella di “anatomia e storia naturale dell'Uomo” 

di cui era titolare; si può dire che la sua fu la prima cattedra ufficiale di antropologia (1855). Definì 

l’antropologia come “la storia naturale dell’uomo”. Tale definizione è sostanzialmente valida anche 

oggi: secondo l’American Association of Physical Anthropology, l’Antropologia fisica (o 

biologica) è definibile come “(...) biological science that deals with the adaptations, variability, and 

evolution of human beings and their living and fossil relatives. Because it studies human biology in 

the context of human culture and behavior, physical anthropology is also a social science.” 

(http://physanth.org/). L’antropologia fisica è una disciplina con più sotto settori: si parla di 

paleontologia umana, o paleoantropologia, per indicare lo studio dell’evoluzione umana: dalle 

scimmie antropomorfe, alle prime specie umane fino all’unica specie del genere Homo attualmente 

esistente, l’Homo Sapiens. Con Genetica e antropologia delle popolazioni s’intende lo studio delle 

differenze genetiche nelle popolazioni umane. Si parla di antropologia fisica applicata 

all’archeologia (o osteoarcheologia, o anche bioarcheologia) quando ci si riferisce allo studio dei 

resti umani rinvenuti in siti e contesti archeologici. L’antropologia forense, infine, è l’applicazione 

dell’antropologia fisica ai casi giudiziari e a quelli riferibili a violazioni dei diritti umani. 

http://www.treccani.it/enciclopedia/parigi/
http://physanth.org/
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L’antropologia forense si occupa, tra l’altro, dell’identificazione di resti umani scheletrizzati, 

gravemente compromessi dalla putrefazione o comunque non identificabili (Cattaneo, 2004). 

Questa tesi di dottorato si occuperà di tematiche e metodiche relative all’antropologia fisica e 

forense. 

In antropologia fisica e forense il complesso degli strumenti “in dotazione” all’antropologo 

permettono di ottenere un’identificazione generica del soggetto (il suo profilo biologico: sesso, età, 

statura, etnia) e informazioni circa le patologie di cui il soggetto soffriva. Lo studio di lesività 

permette di valutare le lesioni perimortem che possono dare indicazioni circa la modalità e la causa 

di morte. Tali informazioni contribuiscono, in osteoarcheologia, a raccogliere dati circa le 

caratteristiche, lo stile di vita e lo stato di salute di una popolazione antica. In antropologia forense 

l’analisi dello scheletro fornisce informazioni fondamentali nelle indagini giudiziarie: 

l’antropologo, ove possibile, non si limita all’identificazione generica ma fornisce informazioni utili 

circa l’identificazione personale del soggetto.  

Le operazioni preliminari che l’antropologo compie in laboratorio sono il lavaggio delle ossa, il loro 

restauro (qualora necessario) e quindi lo studio vero e proprio. 

Pare opportuno indicare quali sono “gli strumenti” metodologici che l’antropologo utilizza nel corso 

delle indagini. L’antropologo studia lo scheletro umano sia macroscopicamente sia 

microscopicamente. Le metodiche macroscopiche prevedono analisi quantitative (si parla di 

antropometria, da condurre tramite appositi strumenti di misurazione) e qualitative (metodiche 

antroposcopiche), che si basano prevalentemente sull’osservazione delle ossa. Le analisi 

microscopiche prevedono l’utilizzo di microscopi ottici, stereo microscopi e microscopi elettronici 

al fine di valutare caratteri o condurre misure non visibili e praticabili a occhio nudo. Lo studio 

radiologico permette all’antropologo di visualizzare dettagli intrinseci agli elementi ossei e dentari. 

Come vedremo tali dettagli possono essere utili sia per ricavare informazioni circa le affezioni delle 

ossa, sia per raccogliere informazioni generali relative al soggetto a cui appartiene l’osso in esame. 

Vi sono infine metodiche biomolecolari che si basano sullo studio delle proteine e, naturalmente, 

del DNA (Cattaneo 2004). All’enorme sviluppo in questi decenni delle metodiche biomolecolari, 

grazie alle recenti innovazioni tecniche (PCR, AMS, Proteomica) e le sempre più efficaci 

metodologie di estrazione del DNA, sono affiancate nuove forme di tecnologia relative agli altri 

campi dell’antropologia fisica (Kuzminsky, 2012) che, altrettanto velocemente, anche se in maniera 

meno eclatante, stanno innovando il modo di documentare e d’indagare dell’antropologo. 
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1.2 Nuovi tipi di tecnologie al servizio dell’antropologo 

I metodi di imaging tridimensionale (3D), o diagnostica per immagini tridimensionali, hanno 

conosciuto un enorme sviluppo in differenti campi negli ultimi decenni; l’antropologia fisica (e 

forense) è una disciplina che si sta giovando di tale sviluppo sia sul piano documentativo, sia sul 

piano diagnostico. Negli ultimi anni molti laboratori di antropologia hanno iniziato a costituire 

partnership con scienziati operanti in altri campi, in particolare quello biomedico, al fine di poter 

utilizzare tecnologie molto costose (ad esempio Tomografia Assiale Computerizzata (TAC), 

risonanza magnetica (MRI), terahertz imaging (THz), etc.) (Allam et al., 2011; Buikstra, 2010; 

Conlogue et al., 2008; Faccia and Williams, 2008; Öhrström et al., 2010; Panagiotopoulou, 2009; 

Saitou et al., 2011) ma di altissimo potenziale ai fini delle indagini antropologiche. 

Il primo tentativo di imaging su materiale “antropologico” risale al 1896 (si trattava di uno studio 

radiografico su mummie umane; Chhem, 2008) ma è con l’invenzione delle Tomografia Assiale 

Computerizzata (nel corso degli anni’70) che si ha il passaggio da una dimensione delle RX alle tre 

dimensioni dei file DICOM, con la conseguente possibilità di una ricostruzione tridimensionale dei 

reperti anatomici, una migliore visualizzazione delle superfici e l’opportunità di poter condurre 

analisi accurate anche su corpi non scheletrizzati, difficilmente indagabili se non con metodiche 

destruenti. Quest’ultima possibilità ha dato un decisivo impulso allo studio dei corpi mummificati 

permettendo di ottenere ricostruzioni virtuali tridimensionali di ossa, tessuti e organi di qualunque 

epoca, tanto da divenire prassi in questo tipo di indagini antropologiche. 

Tali strumentazioni, essendo fisse, d’altro canto prevedono lo spostamento del materiale d’indagine 

presso le strutture dotate di tali macchine. L’antropologo non può condurre le indagini in maniera 

indipendente, essendo legato a un servizio e al personale tecnico “prestato” temporaneamente 

all’antropologia, ma la cui funzione originale è prettamente clinico/ospedaliera. 

L’antropologia può tuttavia attingere ad altre tecnologie, fino a qualche anno fa costosissime, ma 

che stanno divenendo accessibili grazie all’abbassamento dei costi e delle dimensioni delle 

strumentazioni, alla crescente facilità d’utilizzo e alla disponibilità di Personal Computer sempre 

più potenti (in termini di Gigabyte delle schede grafiche, di memoria RAM, di disponibilità di 

memoria su disco fisso, etc.). Ci si riferisce in particolare alla tecnologia Laser Scanner 3D. 

Tale tecnologia si è sviluppata in ambito industriale ma ha trovato applicazioni in numerosissimi 

campi: dall’architettura al rilievo dei beni artistici, in ambito archeologico e nelle scienze naturali 

(ad esempio nei rilievi geologici e paleontologici) fino appunto all’antropologia fisica. La scansione 

laser 3D viene effettuata mediante i Laser Scanners, digitalizzatori ottici che permettono il 

rilevamento di oggetti e superfici a scale diverse riproducendo dei modelli tridimensionali in 
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ambiente virtuale (e del cui principio di funzionamento si accennerà nel secondo capitolo).  Il 

prodotto di una scansione condotta con Laser Scanner è una nuvola di punti georeferenziati (dotati 

quindi delle tre coordinate spaziali x,y,z) che “formano” il reperto scansionato. Il modello 3D può 

anche essere costituito da una griglia (mesh), la quale non è altro che il prodotto dell’unione dei 

punti, che formano quindi una rete di poligoni. La struttura del modello può dipendere dalla 

tipologia di Laser usata o dal software di elaborazione scelto, è possibile comunque passare da una 

nuvola di punti a una mesh (e viceversa) mediante un qualunque software di elaborazione 3D. 

La scansione può essere condotta direttamente in sede di scavo, questo permette di documentare le 

ossa nel loro contesto originale e acquisire tutte le informazioni morfometriche che caratterizza il 

luogo di giacenza originale. Si avranno in questo caso nuvole di punti composti da milioni di punti, 

che dovranno essere opportunamente filtrati ed elaborati. 

I modelli 3D di reperti ossei  sono stati al centro di progetti in ambito paleoantropologici e 

paleopatologico, dal NESPOS (progetto internazionale di ricostruzione virtuale dei fossili di 

ominidi), ai progetti “Digitized Diseases” (http://barc.sls.brad.ac.uk/digitiseddiseases/index.php) e 

“From Cemetery to Clinic” (http://www.barc.brad.ac.uk/FromCemeterytoClinic)  e, inoltre,  nella 

digitalizzazione 3D dei reperti ossei della collezione dello Smithsonian Museum. Tra il 2006 e il 

2009 la Comunità Europea ha finanziato il progetto EVAN (European Virtual Anthropology 

Network) con lo scopo di incrementare le metodologie di studio in ambito morfometrico e di 

varianza anatomica nell’antropologia fisica (Sholts et al., 2011). 

Qualunque sia lo strumento utilizzato per scansionare un reperto scheletrico, una volta ottenuto un 

modello 3D si può procedere, tramite opportune procedure di conversioni di formati, anche alla 

stampa tridimensionale del reperto. Si tratta della Stereolitografia, una tecnica che permette di 

realizzare singoli oggetti (in resina, o materiale termoplastico) a partire direttamente da dati digitali 

(in termini pratici vi è la concreta possibilità di scansionare un reperto a Tokyo, condividere il file 

tramite Web, e ottenerne una copia in resina a Milano nel giro di poche ore). 

Il tema della documentazione e della ripetibilità delle indagini risulta certamente importante in 

ambito archeologico (e più in generale in ogni ambito scientifico) ma è cruciale nel delicato ambito 

dell’antropologia forense dove, per essere in linea con i dettami relativi agli accertamenti giudiziari, 

le indagini devono essere non invasive, ripetibili, non modificabili e il più possibile oggettive 

(Cattaneo, 2004). Appaiono quindi fondamentali tutte quelle tecniche che permettono la 

documentazione meno invasiva e meno “distruttiva” possibile dei reperti. 

Come si accennava, le innovazioni tecnologiche stanno contribuendo al forte sviluppo 

metodologico nell’antropologia, e appare scontato che tali innovazioni possono avere risvolti 

http://barc.sls.brad.ac.uk/digitiseddiseases/index.php
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importanti nei diversi ambiti antropologici; sarebbe tuttavia forviante pensare che esse possano 

sostituire le metodiche classiche e il giudizio critico dell’operatore. Nell’ottica dell’indagine 

oggettiva relativa alle potenzialità e ai limiti dell’apporto di tale tecnologie, si fonda l’approccio con 

cui è stata condotta questa ricerca. 

 

1.3 Scopo della ricerca 

Scopo di questa ricerca è quindi quello di indagare le potenzialità e i limiti di nuove tecnologie 3D 

da utilizzare per la documentazione, l’archiviazione e la diagnostica nell’ambito dell’antropologia 

fisica e forense.  

Verificare inoltre l’effettivo vantaggio dell’informazione che può essere estratta dai dati 3D rispetto 

alla tipologia di informazioni e documentazione correntemente usata, non tanto per sostituire le 

metodiche in uso, quanto per integrarle.  

La ricerca è stata volta in primis a valutare le tecnologie più promettenti in tema di antropologia 

virtuale; si è sperimentato pertanto l’uso di un Laser Scanner 3D di proprietà del Laboratorio di 

Antropologia e Odontologia Forense (LabAnOF) del Dipartimento di Morfologia Umana 

dell’Università di Milano. In base ai risultati ottenuti e agli ambiti di ricerca indagati si è altresì 

optato per ulteriori strumentazioni non disponibili presso il LabAnOF; sono state quindi condotte 

collaborazioni con laboratori e strutture dotate della strumentazione utile allo svolgimento di questa 

ricerca. 

Allo scopo di indagare le potenzialità documentative e di archiviazione virtuale 3D è stata acquisita 

digitalmente la più ampia varietà di materiale antropologico possibile: da reperti ossei sullo scavo, 

ai singoli elementi scheletrici acquisiti in laboratorio, fino a soggetti viventi. Si è cercato inoltre di 

studiare le più efficaci modalità “tecniche” di acquisizione per i diversi tipi di materiali e soggetti, 

verificando le problematiche legate a limiti di scansione in base alle caratteristiche intrinseche del 

materiale acquisito e al tipo di strumento utilizzato. Sono state valutate quindi le procedure di 

elaborazione digitale dei modelli ottenuti sia ai fini forensi, sia a quelli osteoarcheologici. Sono stati 

infine studiati e applicati numerosi software per l’elaborazione digitale, ricercando inoltre i formati 

digitali più idonei all’archiviazione dei dati al loro trasferimento su più programmi.  

Sono state poi selezionate alcune problematiche di antropologia fisica e forense che da un lato 

necessitano di miglioramento metodologico e diagnostico, da ricercare anche mediante l’utilizzo 

delle nuove tecniche d’acquisizione e modellazione tridimensionale, dall’altro che rispondono alle 

concrete esigenze investigative di un laboratorio di Antropologia Forense impegnato nella soluzione 

di casi di natura giudiziaria. 
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La documentazione, acquisizione e archiviazione dei dati tridimensionali, ha reso possibile, 

tramite l’utilizzo delle tecnologie 3D, un’indagine relativa alla diagnosi d’età e alla ricostruzione 

facciale, argomenti che rientrano, in antropologia, nella stesura del profilo biologico. L’uso del 

modello 3D è stato applicato alla tecnica di sovrapposizione cranio-facciale (che rientra nei metodi 

d’identificazione personale). 

Si è inoltre affrontato il tema della lesività scheletrica, verificando la capacità documentativa e 

diagnostica delle lesioni antemortem (calli ossei) e della lesività perimortem mediante metodologie 

di esplorazione e ricostruzione delle lesioni in ambiente virtuale. 

 

1.4 Campi d’applicazione  

1.4.1 Documentazione, profilo biologico, identificazione. 

Una delle operazioni fondamentali nell’indagine antropologica è la documentazione dei reperti che 

si stanno indagando. Fondamentale nell’ambito archeologico, sia in sede di scavo, per l’appropriata 

documentazione dello stesso, sia dei singoli reperti poiché una volta studiati solitamente sono 

archiviati e/o restituiti al committente dello studio. Il materiale oggetto di indagine deve quindi 

essere ben documentato sia per offrire un efficace supporto alla relazione antropologica, sia perché 

potrebbe non essere più a disposizione dell’operatore una volta concluso lo studio. In ambito 

forense, oltre alle motivazioni appena esposte, l’adeguata documentazione è cruciale poiché, se non 

condotta sotto il corretto profilo giudiziario, può non solo inficiare l’indagine ma anche un intero 

processo (Cattaneo, 2004).  

L’avvento della fotografia digitale ha rivoluzionato il mondo del rilievo fotografico, rendendo 

possibile la produzione di enormi quantità di fotografie ad alta risoluzione scaricabili su un 

qualunque disco, fisso o removibile, a sua volta sempre più capiente. Erano solo i primi anni 

novanta quando i modelli di fotocamera digitale più all’avanguardia raggiungevano la risoluzione di 

1,5 MP (MegaPixel). Un modello della Kodak (DCS200) con tali caratteristiche costava circa 

10.000 dollari (Reis, 2008).  

Oggi per meno di 30 euro ognuno di noi può acquistare una fotocamera digitale a 3 MP. Un 

laboratorio può investire circa 100 euro per comprare una fotocamera da 12 MP, dotata di funzione 

“Macro”, che permette di fotografare oggetti a pochi centimetri di distanza dall'obiettivo (ideale per 

ritrarre i dettagli), ottenendo immagini di qualità impensabile fino a pochi anni fa. 

Le fotografie e il rilievo fotografico in genere hanno tuttavia delle difettosità “intrinseche”: 
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 Bidimensionalità: una fotografia rappresenta quanto catturato su un asse X e un asse Y. 

Questa caratteristica rappresenta il principale limite; una foto non consente di discernere 

perfettamente i livelli di profondità di un dettaglio (ad esempio di una lesione).  

 Difficoltà nel legare il generale al particolare: in altri termini se una foto a forte 

ingrandimento rende bene i particolari, il particolare perde parzialmente la sua collocazione 

nel contesto generale (principio di indeterminazione).  

 Impossibilità di misurazione: una foto bidimensionale non consente la misura tra due punti, 

ma solo la “stima” in base all’inserimento nel campo fotografico di un repere metrico di 

riferimento (il classico righello o meglio la scala ABFO). 

Tali difettosità intrinseche delle immagini 2D rendono ragione della differenza tra visione diretta e 

resa fotografica, infatti il nostro occhio è strutturato per la visione tridimensionale e i livelli di 

profondità contribuiscono in modo fondamentale alla definizione della visione. 

Il contributo della tecnologia 3D alla documentazione volge appunto al superamento di questi limiti. 

Il processo di digitalizzazione di un oggetto fisico per l'analisi o la rimodellazione computerizzata 

di superfici geometriche, mediante apposite attrezzature e rielaborazioni, si sviluppa in due fasi: la 

prima è denominata fase di acquisizione dei dati; la seconda è la fase di elaborazione degli stessi. 

 I sensori tridimensionali (Laser Scanner) sono strumenti che permettono di generare un’immagine 

3D dell’oggetto che inquadrano. A differenza della tradizionale fotografia, sono in grado di 

descrivere l'oggetto rilevato nelle sue tre dimensioni spaziali riuscendone a restituire una misura 

oggettivizzata. In generale, si distinguono due principali famiglie di scanner: i ranging scanners 

(scanner a misura diretta dalle distanza, tra cui quelli a tempo di volo) ed i triangulation scanners 

(scanner a triangolazione). Nei primi, la posizione dell’emettitore laser e del ricevitore coincidono. 

Nei secondi, emettitore e ricevitore sono separati da una distanza nota a priori (base line) sulla 

quale si basa il principio della triangolazione. Possono acquisire la superficie esterna della scena e 

dell’oggetto, ma non possono penetrare sotto le superfici. (Sgrenzaroli  2013). 

 La tomografia assiale computerizzata, nata dall’esigenza di indagare le strutture interne di un 

elemento anatomico, restituisce anch’essa un modello tridimensionale dell’oggetto acquisito. Un 

modello 3D è una rappresentazione digitale, fedele e misurabile, dell’oggetto in esame, ottenuta 

mediante la rappresentazione esplicita delle sue caratteristiche morfometriche. 

Alcuni autori hanno confrontato metodi diversi per la produzione di modelli tridimensionali e 

valutato l’accuratezza nelle misure condotte sui modelli ottenuti. Fourie (2011) ha testato 

l’accuratezza del Laser Scanner Minolta Vivid 900 rispetto a una Tac Cone Beam, scansionando dei 

volti e rilevando l’estrema accuratezza (sub millimetrica) di entrambi gli strumenti. 

Fig. 1: tecniche di misura 3D 
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Il presente studio ha altresì indagato i vantaggi e gli svantaggi dell’utilizzo del Laser Scanner 

rispetto alle TAC di nuova generazione (in particolare CBCT e pQCT) nel tentativo di individuare 

lo strumento più adatto da utilizzare in relazione alle caratteristiche del reperto, al tipo di 

documentazione da condurre, e all’obiettivo della documentazione stessa. 

All’acquisizione del modello, come si diceva, segue una fase di elaborazione del dato 3D tramite 

appositi software; l’elaborazione prevede l’importazione del dato 3D all’interno del software, 

eventualmente il filtraggio dei dati ridondanti (rumore), l’editing dei dati, il mashing (l’eventuale 

creazione di una rete poligonale dei dati), e infine l’esportazione del dato 3D attraverso la 

conversione nel formato che si ritiene più idoneo. 

Nel presente studio si è verificato la capacità documentativa di un Laser Scanner a tempo di volo 

nel documentare uno scavo archeologico, in particolare una fossa comune risalente alla Grande 

Guerra (Capitolo 2).  

Spostandosi dallo scavo al laboratorio si è testata la riproducibilità di superfici articolari di sinfisi 

pubiche e superfici auricolari dell’ileo, acquisite con tre differenti laser scanners a triangolazione 

ottica (adatti quindi a reperti di piccolo e medie dimensioni) (Capitolo 3). 

In conseguenza dell’ottenimento di un modello tridimensionale è possibile procedere in diversi 

ambiti dell’antropologia fisica e forense, nel corso di questo studio si è indagato in particolare: 

      - La stesura del profilo biologico: consiste nella raccolta, da parte dell’antropologo, di tutti i dati 

informativi che possono essere desunti dallo studio dei resti scheletrici relativamente al sesso, l’età, 

la razza, la statura e, eventualmente, le possibili caratteristiche fisiognomiche del soggetto. In 

ambito osteoarcheologico la stesura del profilo biologico permette non solo la raccolta dei caratteri 

di uno scheletro ma anche di raccogliere informazioni utili a definire la struttura biodemografica 

della popolazione antica cui appartiene (Canci 2005). In ambito forense la stesura del profilo 

biologico di un soggetto può circoscrivere la cerchia dei “sospetti d’identità” nel caso di un 

individuo non identificato, oppure avvalorare o smentire l’ipotesi identificativa su un soggetto 

rinvenuto in un contesto critico (si pensi ad esempio a un soggetto carbonizzato in auto). Il profilo 

biologico risulta inoltre fondamentale per distinguere persone diverse in contesti di ossa commiste 

(Adams and Byrd 2006) e nei disastri di massa. 

In particolare è stata condotto uno studio circa l’utilizzo dell’imaging 3D per la diagnosi d’età a 

partire dall’estrazione di volumi dentari (capitolo 8.1): la valutazione dell'età biologica è una 

disciplina in continua evoluzione che trova le sue principali applicazioni in ambito clinico 

(diagnosi, prognosi e terapia auxologiche e odontoiatriche) e in ambito forense relativamente alla 

stima dell’età cronologica a essa correlata sia su cadaveri sia su viventi.  
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Ci si è inoltre rivolti al tema della ricostruzione facciale (capitolo 8.2), anch’esso rientrante nella 

ricostruzione del profilo biologico. La ricostruzione facciale è l’operazione di riproduzione di un 

volto a partire da un cranio.  Nel corso di questa ricerca si è valutato l’utilizzo del Laser Scanner 3D 

rispetto alla TAC tradizionale nell’acquisizione di crani sui cui condurre la ricostruzione facciale; si 

è inoltre operata la ricostruzione facciale utilizzando un nuovo software per la ricostruzione facciale 

(AFA 3D TIVMI) che opera applicando automaticamente un numero molto elevato di spessori 

tissutali (78), con origine in altrettanti punti craniometrici, ottenuti mediante una ricerca di valori 

tissutali condotti su una vastissima popolazione europea (500 individui).  

Ci si è poi rivolti a un particolare e delicato ambito dell’antropologia, quello dell’identificazione 

personale. Accertare l’identità da cadaveri o resti umani o resti scheletrici consiste nel riconoscere i 

caratteri individuali che differenziano inconfondibilmente un determinato individuo da qualsiasi 

altro individuo (Cattaneo 2004). È un argomento che inserito nelle ricerche antropologiche riguarda 

prevalentemente (ma non esclusivamente) l’antropologia forense. L’identificazione personale, per 

definirsi tale, viene basata sulla cosiddetta “physical evidence”, che si può ottenere attraverso 

indagini genetiche, dattiloscopiche, odontologiche e osteologiche. Vi possono essere casi in cui le 

tecniche più diffuse d’identificazione non possono essere condotte: si pensi ad esempio al 

rinvenimento di resti umani di immigrati, di cui non si ha notizia di parenti (cosa che purtroppo 

accade spesso) e in cui non è possibile avere confronti digitali per compromissione dei polpastrelli a 

causa dei fenomeni decompositivi. Si devono allora utilizzare altri metodi d’identificazione. Le 

tecniche osteologiche prevedono l’utilizzo di confronti radiografici dei dati ante/post-mortem, è 

pertanto necessario poter disporre di documentazione radiografica del soggetto in vita. Oltre alla 

difficoltà di reperimento del materiale radiografico, l’identificazione osteologica è difficilmente 

quantificabile (al contrario di quella dattiloscopica e genetica) e in letteratura vi è ancora un certo 

dibattito su come considerare un carattere o forma unica e specifica.  

In assenza di altre opzioni rimane un’ultima tecnica, la sovrapposizione cranio facciale. A patto di 

possedere una qualunque immagine del soggetto in vita.  

Tale metodica confronta la morfologia del cranio con la foto del volto di un soggetto scomparso, 

valutandone la corrispondenza secondo specifici caratteri. Si è condotto uno studio (capitolo 4) per 

valutare i vantaggi e l’affidabilità della tecnica a partire da un modello 3D ottenuto da un cranio 

scansionato con Laser Scanner. 
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1.4.2 Lesività scheletrica 

Particolare importanza assume la possibilità di documentare lesioni, anche sub millimetriche, 

presenti nel tessuto osseo. Attraverso le tecniche d’acquisizione tridimensionale delle lesioni, la 

“documentazione” può divenire metodo che consente “l’esplorazione” delle stesse, e avere, in altre 

parole, valenze diagnostiche. Sono stati condotti studi relativamente alle lesioni perimortem e 

antemortem. 

 Lesività perimortem  

Di particolare importanza, in antropologia forense, sono le lesioni perimortem, cioè quelle lesioni 

che hanno causato la morte del soggetto o sono dovute a un trauma verificatosi immediatamente 

prima o dopo la morte del soggetto.  

A seconda della modalità traumatica si distingue principalmente (si riporta qui solo la lesività che 

interessa la presente ricerca) una lesività da arma bianca, da arma da fuoco, contusiva e lacero- 

contusiva. 

Lesività da arma bianca (Cattaneo, 2004; Arbarelo,1999): a seconda del tipo di arma bianca avremo 

differenti tipi di lesione: 

- lesioni da punta: nell’osso e nella cartilagine, data la poca elasticità di questi tessuti, sono 

caratterizzate da fori, a fondo cieco o trapassanti, che conservano la forma e le dimensioni della 

punta feritrice.  

- lesioni da taglio: raramente sono penetranti (interessano prevalentemente parti molli); si 

possono però avere intaccature delle ossa, di regola superficiali ma talora anche resecanti. Quando il 

filo della lama scorre sull’osso produce fessurazioni che si presentano con conformazione a V; agli 

estremi della lesione possiamo rinvenire le cosiddette “codette”, segni prodotti dal filo della lama 

che via via si riporta verso la superficie.  

- lesioni da punta e taglio: ferite di questo tipo vengono generate quando la lama presenta un 

estremo acuminato e uno o più spigoli affilati taglienti; variano di aspetto a seconda che la lama sia 

monotagliente, bitagliente, tritagliente o tetratagliente.  

Le ferite d’arma da taglio, e in particolare da coltello, sono fra le più frequenti cause di morte nei 

casi di omicidio (Martin 1999).Gli studi qui presentati (capitoli 5 e 6) si sono in particolare 

focalizzati alla documentazione e analisi di questo tipo di lesività.  

 Lesività antemortem  
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Quando un trauma genera lesioni dell’osso sulla persona in vita, provocando una frattura parziale o 

totale dell’osso stesso ma non la morte dell’individuo, il processo di guarigione comporta la 

formazione di un callo osseo che è conseguenza di una risposta di tipo proliferativo da parte 

dell’osso leso; in seguito avviene il rimodellamento e l’arrotondamento con formazione di osso 

lamellare nel tratto danneggiato. Il callo osseo costituisce la fase ultima del processo di guarigione 

di una frattura, con la fusione dei due monconi ossei dovuta alla deposizione di osso neoformato. La 

guarigione può essere completa o, a seconda del trauma subito, portare a una menomazione residua 

del segmento scheletrico.  

In antropologia fisica riconoscere lesioni ante mortem e individuarne le caratteristiche può 

fornire informazioni utili circa l’occupazione e gli stress meccanici a cui l’individuo era sottoposto.  

In ambito forense la possibilità di avere più informazioni circa l’epoca di cagione e lo stadio di 

guarigione di una frattura può supportare le indagini identificative. Se un incremento delle 

informazioni utili alla datazione dei calli ossei può essere ricavato dalle nuove tecnologie digitali 

viene indagato e discusso nel capitolo 7. 
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Abstract 

Recent studies have reported that quantifying symphyseal and auricular surfaces curvature 

changes on 3D models acquired by laser scanners have a potential for age-at-death estimation. 

However, no tests have been carried out to evaluate the repeatability of the results between different 

laser scanners. We calculated and compared the surface curvature of 3D models of symphyseal and 

auricular surfaces generated from three different laser scanners. The surface area and the distance 

between co-registered meshes were also investigated. Close results were found for surface areas 

(differences between 0.3% and 2.4%) and for distance deviations (average < 20 μm, SD < 200 μm). 

The curvature values were found to be systematically biased between different laser scanners, but 

still showing similar trends with increasing phases / scores. We filtered the 3D models to separate 

anatomy from the measurement error of each instrument, so that similar curvature values could be 

obtained (p < 0.05) irrespective of the specific laser scanner.  

 

 

 



  

26 

 

 

Introduction 

 Recent studies have shown the 

benefits of quantitative methods using 3D 

laser scanner models in addressing 

fundamental issues in physical and forensic 

anthropology. Sexual dimorphism and 

population and ancestry variation have been 

investigated quantifying surface areas or 

extracting curves [1-5]. The morphological 

features of the symphyseal and the auricular 

surfaces used for age estimation have been 

examined looking at the surface curvature 

changes [6-8]. Laser scanners have also been 

used to investigate cranial facial variation and 

for facial identification [9-13].  

In all these applications, the precision 

and the repeatability of the measurements 

among different instruments are essential for 

the reliability of each method; in fact, there 

are different models of laser scanners and 

differences between the software used for 

post-processing the scans (i.e. aligning, 

merging and fusion of the single scans to 

create a 3D model). It has been demonstrated 

that the surface areas were reproduced with 

high precision and the measurement errors of 

the extracted information varied from 0.2% to 

about 1% [5, 14]; it has been also shown that 

the location of points on the surface 

(landmarks) and the measurements of length 

could be accurately repeated on 3D models 

[11, 12, 15]. When some of the parameters 

used for the scans made by the same laser 

scanner have been changed,  measurement 

error was reported to increase slightly to 2% 

[14]. However, all these studies have tested 

the repeatability of measurements made by 

the same instrument.  

Laser surface scanning (and CT-

scanning) of bones is proposed as a method to 

make osteological data more widely and 

easily available, e.g. the Smithsonian 3D 

collection [16],  "Digitised Diseases” [17] and 

“From Cemetery to Clinic” [18]. It is thus 

important to investigate whether 3D models 

acquired by different laser scanners may 

exhibit larger differences than those acquired 

by the same scanner. Irrespective of the 
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performance of each laser scanner, the nodes 

of the resulting 3D model surfaces represent 

the true anatomical shape, plus some error 

due to measurement uncertainty. The formal 

expression of this uncertainty is difficult, as it 

requires full knowledge not only of the 

instrument and object properties, but also of 

operational details which 

may not always be available, such as 

calibration steps followed and the exact 

distance between object and scanner [19, 20]. 

A simple but general approach to assess 

measurement error that does not rely on any 

external knowledge beyond the scanned 3D 

mesh would therefore be particularly 

convenient. We assumed the measurement 

uncertainty manifests itself exclusively as 

independent random error in the position of 

mesh nodes, which can be effectively reduced 

by a smoothing operation over neighboring 

nodes. If this assumption is appropriate, the 

use of an adequate amount of smoothing 

would filter out the measurement error while 

preserving the overall anatomical shape of the 

bone surface, and homogenize 3D models 

from different instruments. The aim of this 

paper was to experimentally verify the 

validity of our assumption by using 3D 

models of symphyseal and auricular surfaces 

generated with three different laser scanners, 

three different kinds of post-processing 

software, and the same algorithm used in 

Villa et al. [6]. To approximate the conditions 

of an independent replication of this 

experiment, only the final 3D models were 

compared, excluding other influences such as 

the resolution of the instrument, the 

operational conditions or type of algorithm 

used to merge the scans. 

 

Materials and methods 

Sample 

The sample consisted of the 24 

Suchey-Brooks pubic bone casts (12 females, 

12 males) [21] and 19 archeological auricular 

surfaces of the “recording kit” collected by 

Buckberry and Chamberlain as illustrative of 

the different scores of the features described 

in their method [22]. We selected only the 

central area of the pubic symphyseal face 
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inside the margins and the internal area of the 

auricular surface, i.e. the area delimitated by 

the contour of the joint, as described in [6].

Laser scanning 

Three different laser scanners were 

used in this study (Table 1): FaroArm 

Quantum with V3 Laser Line Probe - FARO 

Singapore Pte. Ltd (abbreviated Faro), 

property of the University of Bradford (UK); 

Minolta VI-910 - Konica Minolta Sensing, 

Inc. Osaka-Japan (abbreviated Minolta), 

property of the University of Milan (Italy); 

and a custom laser scanner (abbreviated 

Custom) property of the University of 

Copenhagen (Denmark) [6]. The Faro is 

equipped with an articulated arm, thus the 

object to scan was kept fixed during the 

scanning process; for the other two laser 

scanners, the scanning system was fixed while 

the object was moved. In order to capture as 

much detail as possible, the object was 

located as close as the laser scanner allowed. 

 Three different software applications 

were used for the post-processing: PolyWorks 

[23] was the software accompanying the Faro 

instrument, Geomagic Studio [24] was used 

for the scans from Minolta and David-laser 

scanner software [25] for those from Custom. 

In each software, the followed steps were 

carried out: first, each mesh was visually 

inspected,  and occasional spikes were 

removed and small holes were filled; second, 

the individual meshes were aligned (the Faro 

roughly aligned the individual scans during 

the scan processing, so a second alignment 

was performed in this case); third, the aligned 

meshes were merged for generating the final 

mesh and removing redundant data; finally, a 

slight smoothing (the lowest possible smooth 

allowed by each software) was applied at the 

merged mesh. The final model was saved in 

STL format (Standard Triangulation 

Language) and used in all analysis. 

Many factors can have an effect on the 

scans and are difficult to control and 

reproduce. First, the performance of the 

different laser scanners rarely can be 
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compared since there are no protocols and  the 

precision and accuracy specified by different 

manufacturers are measured and expressed in 

different ways [26]. Furthermore, the quality 

of the resulting 3D models depends not only 

on the nominal resolution of the laser scanner, 

but also, among other factors, on the ambient 

light, the manual skill of the operator ( more 

evident in Faro), surface color and the 

geometry of the object, the distance of the 

scanner to the object and the instantaneous 

incident angle of the laser and the line of sight 

of the camera [19, 20]. We were only 

interested on the differences among the final 

3D, so the scans were acquired under optimal 

conditions by qualified operators. While this 

may not be the most formally rigorous 

experimental protocol, it can be argued that it 

provides the most relevant common ground 

for comparison among instruments under 

operational circumstances as close as possible 

to the real world application of these 

instruments. As we are only concerned with 

the practical usability of the typical scans a 

user will obtain, we have focused on 

comparing the final 3D models, without 

emphasizing these other factors further.

 

 

 

 Portability Weight Texture Velocity of 
scan (*) 

Type of 
laser 
scanner 
system 

Accuracy Type of 
mesh 

Range of 
price (€) 

FARO Yes ~10 kg No Fast  
(less than 5) 

Mobile 
(object 
fixes) 

0.023 mm 
(a) 

Triangle, 
unstructur
ed 

>50 000 

MINOLTA Yes ~11 kg Yes, color Fast   
(less than 5) 

Fixed  
(object 
moves) 

bX: ±0.22mm Y: 
±0.16mm Z: 
±0.10mm 
(b) 
 

Triangle, 
structured 

>50 000 

CUSTOM Yes ~5 kg Yes, grey 
scale 

Very slow  
( ~15 min) 

Fixed  
(object 
moves) 

0.025- 0.04 
mm 
(c) 

Triangle, 
structured 

<5 000 

Table 1: Performance parameters of the laser scanners. The accuracy values are taken from the available manufacturers 

literature. They are not always comparable across instruments and with the actual measurement conditions used in this 

work  (* to scan a pubic bone, (a) volumetric maximum deviation at 1.8m , (b) to the Z reference plane -Conditions: 

TELE/FINE mode, Konica Minolta’s standard,  (c) calculated as 0.5% of the object size) 
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Surface curvatures, surface areas and 

distances.  

For each specimen scanned by each 

laser scanner, we calculated the mean of the 

curvature values (as in [6]): therefore, we 

calculated the curvature of 57 three-

dimensional models of auricular surfaces (19 

specimens scanned three times) and 72 three-

dimensional models of pubic bones, (24 casts 

scanned three times). The differences between 

the 3D models of the same specimen were 

calculated and expressed in percent. The 

curvature values of 3D models from Custom 

laser scanner were used as reference models. 

To reduce the total curvature differences to a 

maximum of 2%, we applied a smoothing 

factor, i.e. we modified the algorithm for 

calculating curvature to eliminate the 

measurement error of the lasers.  

To enable a comparison with other 

studies reported in the literature, we 

quantified the surface areas (reported in cm
2
); 

we also calculated the differences of surface 

area (expressed in cm
2
 and percent) between 

the 3D models of the different instruments. In 

additional, we calculated the distance 

deviation (reported in μm), i.e. the distance 

between the points of a 3D model of one laser 

and corresponding ones of second laser 

scanner. We used a function of Geomagic 

Studio Software, called “deviation”, that 

returned for each two-by-two comparison the 

“Average distance and the “Standard 

Deviation distance”; furthermore this function 

generated color-coded mapping of the 

differences, highlighting the areas and the 

specimens with problems.
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Statistical analyses 

All descriptive statistics (means, 

standard deviations (SD), and differences) 

were calculated using SPSS software, version 

20. We used scatter plots to undertake a visual 

evaluation of the distances between 3D 

models from different laser scanners. Each 

scatter plot shows the comparison between 

two laser scanners: 1) Faro versus Minolta; 2) 

Custom versus Faro; 3) Custom versus 

Minolta. To highlight any variation with 

increasing age, we ordered the auricular 

surface features based on increasing score; the 

features were used in the following order: 

TO= transverse organization, ST= surface 

texture, MA= macroporosity, MI= 

microporosity, AC= apical change. In the 

same way, we ordered the pubic bones based 

on increasing phase; two values were present 

for each phase, representing the early (E) and 

the advanced (A) patters. The scatter plots 

were also used to investigate the curvature 

values, with the same organization described 

above; in this case, each series represented a 

laser scanner: Faro, Minolta and Custom. 

Finally, we performed Kruskal-Wallis 

ANOVA to compare the revised curvature 

values, after the use of the smoothing. 

 

Results 

 

Surface curvature 

The curvature values of the auricular 

surface and the pubic bone (male and females 

separately) are shown in Figure 1. The scatter 

plots in the column "a" (on the left) show the 

results obtained using the unmodified 

algorithm used in Villa et al. [6], with the 

same smoothing factor for all laser scanners. 

The curvature values show similar trends with 

increasing phases and scores: the curvature 

increases and decreases in the same manner in 

all three laser scanners, but with a systematic 

difference among the models of laser 

scanners. Faro shows the highest curvature 

values in all samples, both for the pubic bones 

and the auricular surfaces. Minolta and 

Custom have closer values, but more than 

50% of the curvature values of Minolta are 

higher than those from Custom, especially in 
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the auricular surfaces. In the pubic bones, 

differences of 28.8% (females) and 20.5% ( 

males) were found between Faro and Custom, 

0.29% (females) and 1.6% (males) between 

Custom and Minolta. Differences of  44.2% 

and 9.7% were found in the auricular 

surfaces, between Faro and Custom, and 

between Minolta and Custom respectively. To 

reduce these curvature differences, we 

modified the amount of smoothing in the 

curvature algorithm. The curvatures of Faro 

could be homogenized with Custom using a 

smoothing factor of 10 for the male pubic 

bones, of 15 for the female pubic bones, and 

20 for the auricular surfaces (Fig. 1, column 

“b”); in this manner, the distance between the 

two lasers were reduced to about 1.5%. The 

curvature values of Minolta and Custom in 

the pubic bones for both sexes were already 

very close, with a difference lower than 2%, 

so no further smoothing factor was applied. A 

smoothing factor of 5  was required to reduce 

the difference between the auricular surfaces 

of Minolta and Custom to 1.8%. Figure 1b 

(scatter plots on the right) show the corrected 

curvature values. We found no statistically 

significant difference (p> 0.05) between the 

corrected curvatures values produced by the  

different laser scanners.  
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Figure 1: Curvature values of the auricular surface (top row) and of the pubic bones (middle row females, bottom row 

males). Column a shows the curvatures value with the same "smoothing factor" for 3D models by all laser scanners; 

Column b shows the curvature values with different "smoothing factor" (reported in the legends) 

 

 



  

34 

 

Surface areas 

The measurements of the surface area 

and differences between the laser scanners for 

the auricular surfaces and the symphyseal 

surface (males and females separately) are 

reported in Table 2. The largest difference for 

the auricular surfaces was 0.15 cm
2
 and was 

found between Faro and Minolta 

corresponding to 1.5%. In the symphyseal 

surface, Custom and Faro have the highest 

differences, -0.08 cm
2
 (2.4 %) in females and 

-0.05 cm
2 
(1.9%) in males.  

  Surface area (cm
2
) Area difference (cm

2
) 

 N Custom Faro Minolta Custom-

Faro 

% Custom-

Minolta 

% Faro-

Minolta 

% 

Auricular 

surfaces 

19 10.05±4.3 10.09±4.3 9.94±4.1 0.03 0.3% 0.12 1.2% 0.15 1.5% 

Pubic bones  

Females 

12 2.39±0.5 2.44±0.6 2.42±0.5 0.05 1.9% 0.03 1.1% 0.02 0.8% 

Pubic bones 

Males 

12 3.13±0.7 3.21±0.7 3.20±0.7 0.08 2.4% 0.07 2.1% 0.01 0.3% 

Table 2: Mean value and standard deviation of the surface area of the auricular surfaces and the 

pubic bones for each laser scanner and area differences in cm and percent  

 

Distance deviations 

Figure 2 show the distributions of the 

"average distances" (black solid points) and 

average plus/ minus the SD for the auricular 

surfaces. It is clear that there is more variation 

in distances (most evident in the SD) in the 

last scores where the surface topography is 

more irregular: score 3 for AC, scores 4 and 5 

for TO and ST. This is more evident in the 

comparison between Custom and the other  

two laser scanners. Faro and Minolta 

show the lowest “SD distance”, less than 100 

μm with a mean “average distance” of 1.1 μm 

(Table 3). 
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 Custom vs Minolta Custom vs Faro Faro vs Minolta 

 Average 

distance 

SD 

distance 

Average 

distance 

SD 

distance 

Average 

distance 

SD distance 

Auricular surfaces 0.7±2.2 66±38 3.7±4 67±36 1.1±3.6 46±17 

Pubic bones  

Females 

-2.3±14 109±81 -0.7±2.3 70±29 3.9±13.5 77±78 

Pubic bones  

Males 

-4.4±12.2 81±51 2.6±11.9 79±43 0.4±3.1 36±15 

Table 3: Deviation distances: average distances and standard deviations (SD) of the auricular 

surfaces and the pubic bones for coupled laser scanners (all measurements in micrometers - μm) 

 

 

The “average distances” are small in 

all comparisons, ranging from 0.7 to 3.7 μm. 

For the pubic bones, the “average distances” 

are similar between laser scanners, varying 

less than 10 μm (Table 2), while the standard 

deviations increase and reach values over 100 

μm; in particular, in females for the phase I 

(early and advanced patterns, indicated with E 

and A in the Figure 3) the “average distances” 

are different from zero and the “SD distance” 

are over 200 μm. The more complicated the 

surface topography is (i.e. having high ridges 

and deep furrows, showing deep depression or 

porosity), the more the distance deviations 

increase. An example can be seen in Figure 4, 

where the color-coded mapping of the 

distance deviations between laser scanners are 

visible for the phase VI advanced pattern of 

the females: Faro and Minolta show the least 

difference, indeed the surface is dominated by 

green color indicating distance between -0.05 

to 0.05 μm; the largest deviation in all three 

comparisons is in the big depression in the 

lower part of the pubic symphysis. This is an 

example of a scan artefact in which the 

camera of the laser scanner failed to record 

the laser beam because of the depth of the 

feature and overhanging edges which were 

obscured. Other examples, in males phase II 

advanced and phase IV early have obscured 
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areas that are very difficult to scan and result 

in large difference between laser scanners, 

most noticeable between the Custom and the 

other two instruments (Fig 3). 

 Figure 2: Auricular surface distance deviation 
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Figure 3: Pubic bone distance deviation; females (left) males (right). 
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Figure 4: Color-coded mapping of the differences between laser scans for the female phase VI 

advanced pattern. The larger distances are marked by red and blue colors. Differences between 0.05 

and -0.05 are indicated with green. 

 

Discussion 

 We used 3D models of symphyseal 

and auricular surfaces generated with three 

different laser scanner systems to verify the 

repeatability of surface curvature analysis 

among instruments using the algorithm 

described in Villa et al. [6]. Comparing the 

final 3D models, we found that the overall 

anatomical shape of the bone surface could be 

represented independently from the laser 

scanners: we obtained very low distance 

deviation between 3D models and differences 

less than 2.5% in the surface area. The 

differences between the curvature values, as 

hypothesized in the introduction, depended on 

the measurement uncertainty produced by 

each instrument, i.e. each laser scanner 

introduces a specific amount of random error 

in the position of the points. The curvature 

values showed similar trends with increasing 
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phase or score, although they were found to 

be systematically biased between different 

laser scanners. The measurement uncertainty 

of each instrument could be reduced and the 

curvature results among laser scanners could 

be homogenized applying an amount of 

smoothing directly proportional to the 

differences between curvature values.  We 

used the highest smoothing in 3D models 

from Faro that showed the highest differences 

in curvature values both in the symphyseal 

and auricular surfaces with respect to the 

other two laser scanners. These large 

differences might be explained by considering 

the organization of the mesh points: the 3D 

models from Faro had an unstructured grid, 

i.e. the points of the mesh were not distributed 

regularly at the same distance, but they were 

more concentrated and dense in the areas with 

more details and more distant and less 

numerous in the flat areas. In contrast, 

Custom and Minolta showed similar curvature 

results probably because both instruments 

produced 3D models with structured grid.  In 

addition, we noticed that those cases showing 

the larger distance deviations (for example 

phase I of the symphyseal surface) still kept 

the larger differences in curvature values, 

even after the smoothing. This confirms that 

the smoothing operation could reduce only 

the independent random error, not the 

imprecision in the scans. 

 Furthermore, our tests strongly 

confirmed that the surface area can calculate 

with little error using three different laser 

scanners. Indeed, we obtained comparable 

errors to those reported by Sholts et al. [14] 

and Garvin and Ruff [5]. Faro and Minolta 

showed the smallest difference (less than 1%) 

in the symphyseal surfaces, while the largest 

one in the auricular surfaces (1.5%). The 

larger differences in the symphyseal surface 

were between Custom and the other two laser 

scanners, and it could be due to the optical 

surface properties of the specimens and 

ambient light, since the Suchey-Brooks pubic 

bone casts are white and shiny. This may have 

introduced more noise and imprecision in the 

scans [19, 20]. No correspondence between 

the results of distance deviations and the 
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difference in surface area were found: in the 

auricular surfaces Custom and Minolta 

showed the lowest distances, while in the 

symphyseal surfaces Custom and Faro were 

better in the females, Faro and Minolta in the 

males.  

Further analysis needs to identify 

other factors that can reduce measurement 

error: process of decimation (i.e. reduction of 

the number of points in a mesh), or function 

to transform unstructured grid in structured 

one, and vice versa, could have a similar 

effect. We would underline that our results 

could not be generalized: applying the 

algorithm described in [6], we detected the 

features useful for age estimation in a similar 

way across different laser scanners. 

Depending on the nature of the investigation, 

a high resolution laser scanner can have an 

impact and perform better. Similarly it is also 

worth considering other scan technologies 

such as white light, otherwise known as 

structured light scanners. Finally, a 3D model 

can be appropriate for one purpose and not for 

another; thus the analysis needs to be tested 

for each specific case [27], since no standard 

procedures are yet defined. This is a necessary 

step forward towards enabling practical 

quantitative surface morphology analysis of 

3D bone models. 

 

Conclusions 

 The overall anatomical shape of the 

bone surface was reproduced in comparable 

ways using three different laser scanners, as 

demonstrated by the close surface areas and 

the low distance variation between co-

registered meshes. However, each laser 

scanner introduces a specific amount of 

random error in the position of each measured 

point that can introduce bias to the results of 

curvature quantification. By applying an 

adequate amount of smoothing, it was 

possible to separate the anatomy signal from 

the instrumental measurement error, thus 

making the results of the technique developed 

in Villa et al. [6] irrespective of the specific 

laser scanner. 
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Abstract  

Reliability of cranio-facial computer-aided non automatic superimposition technique was examined. 

3D model of five skulls acquired by Laser Scanner and 10 photographs were overlapped with 2D-

2D superimpositions (using image obtained from 3D skull model) and 2D-3D superimpositions 

(using 3D skull model). The superimposition results were evaluated using method based only on 

landmarks, only on morphological features and using both combined methods (17 landmarks and 12 

anatomical features). Moreover, a 3D model without mandible of each skull has been produced and 

used for superimposition. It was evaluated also if a division of skulls by sex could effectively 

increase the number of correct identifications. Results show that the 2D-3D superimposition based 

only on landmarks is the more reliable methodology (5/5 correct identifications, 40% false 

positives). The persistence of a high percentage of false positives in all the methodologies indicates 

that this technique should not be used to identify. 

 

Keywords: forensic science; forensic anthropology; personal identification; cranio-facial 

superimposition; skull-photo overlay; 3D skull model; laser scanner. 
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Introduction 

One of the main question asked by the 

Authority, when skeletonized or seriously 

decomposed human remains are recovered, is 

the identification of the subject. Personal 

identification is done comparing antemortem 

and postmortem records and it can be carry 

out by means of four main methods of 

analysis: fingerprint, genetic, odontology, 

anthropology. The first ones are more known 

by the Authority because of their 

“quantificability”, on the contrary it does not 

exist a specific standard for the morphologic 

techniques (odontology and anthropology) 

that establishes how many and which 

corresponding features are needed for a 

positive identification.  

Among the anthropological identification 

techniques there is one of them which has 

been tested since thirty years: the cranio-facial 

superimposition that compares cranial 

morphology with facial morphology of a 

missing person, evaluating the 

correspondence according to specific features. 

According to the employed devices, from 

1930s to nowadays, the cranio-facial 

superimposition developed through three 

different phases [1]: with the expression of 

“photographic superimposition” [2, 3, 4, 5, 6] 

is meant that the superimposition is realized, 

with tracing paper, from the photo of the 

subject and from photo of the skull in the 

same orientation. After the introduction of 

video device, “video superimposition” was 

developed [5, 6, 7, 8, 9, 10, 11, 12]: skull and 

subject’s photo are placed in front of two 

different cameras, and with the help of a 

mixer device the two images are overlapped 

and visualized on a screen. Finally from the 

second half of the 1980s superimposition has 

been carried out with computers and so it has 

been called “computer-aided 

superimposition”. This last methodology is 

divided into 2 categories: the “non automatic” 

one, if the computer is used only as interface 

and the superimposition (sizing and 

orientation of the images) is manually made 

by the operator also with the help of some 

commercial software [11, 13, 14, 15, 16, 17, 
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18, 19, 20] and the “automatic” one if the 

computer itself carries out the 

superimposition automatically finding the 

best result [21]. 

There are different techniques for 

evaluating superimposition results, i.e. if there 

is a correspondence between the skull and the 

face. Austin-Smith et al. [5] propose a 

morphological method that visually evaluates 

the concordance of some morphological 

features in the skull and photo (i.e. width of 

the forehead, length of the skull, curve of the 

mandible, dimension of nose, etc.). Other 

authors [16, 22] use a technique based on 

specific landmarks (bony and soft landmarks) 

which are placed both into skull and face to 

evaluate the correspondence between the two 

images; others finally, use a combined 

method that employs both landmarks and 

morphological features [18]. 

According to some authors the technique 

can be useful to identify an unknown subject 

[16, 17], especially if two or more 

photographs, taken from different points of 

views, are used [5, 9], although the 

availability of several photos is a great limit 

for forensic cases. Other authors think that it 

should be employed exclusively to exclude 

identity [6, 19, 23]. 

Many papers describe cranio-facial 

superimposition as usable and used for 

judiciary purposes: Austin-Smith et al. [5] cite 

as one of the earliest and most famous cases 

of photographic superimposition the Ruxon 

murder case. Yoshino et al. [9] state that 

superimposition is frequently used in criminal 

cases to identify; Fenton et al. [6] employed it 

as an excluding technique in a close disaster; 

Birngruber et al. [17] consider cranio facial 

superimposition an identification 

methodology on the same level of forensic 

odontostomatology and molecular genetics; 

Gordon et al. [18] underline that C/F 

superimposition is accepted by South African 

judicial system as a method to identify 

unknown individuals. Nevertheless, most of 

the authors state that superimposition should 

be performed in conjunction with other 
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traditional identification techniques [16, 18], 

because of the very low accuracy rates, and 

may be conducted alone only when the skull 

is the unique part available [16]. However it is 

important to emphasize that, among the 

results obtained by the cranio-facial 

superimposition, a considerable number of 

false negatives (superimpositions evaluated as 

mismatch, despite the skull belongs to the 

photographed subject) and false positives 

(superimpositions evaluated as matches, 

despite the skull doesn’t belong to the 

photographed subject) are still present 

precluding a certain identification or 

exclusion. 

Therefore the aim of this survey is, first of 

all, to evaluate the reliability of computer-

aided non automatic cranio-facial 

superimposition technique, using the method 

explained by Gordon et al. [18]; secondly to 

examine some aspects of cranio-facial 

superimposition technique that have never 

been evaluated in literature, in particular if the 

presence of the mandible can introduce errors 

because of its intrinsic mobility, if skulls of a 

specific sex can match with photo of a subject 

of opposite sex, and if a selection of skulls by 

sex can effectively increase positive 

identifications. We have also evaluated if the 

use of 3D model of the skull [18, 21, 24, 25] 

with a “user friendly” software that has never 

been employed for this purpose, makes the 

superimposition process easier and increases 

correct identifications. Finally we checked if 

the method which uses only landmarks or 

only morphological characters can provide 

more positive results compared with the 

combined one. 

 

Materials and methods 

For our survey, 5 skulls (4 females and 1 

males) and 10 scanned photographs of faces 

shoot from different perspectives (7 female 

and 3 male subjects, including the photos 

corresponding to the skulls) were used (Fig. 

1). The skulls were scanned using a Laser 

Scanner Minolta Vivid 910 (Konica Minolta 



  

49 

 

Sensing, Inc. Osaka-Japan). For each skull 

two 3D model were made: one with jointed 

mandible and the other without mandible. 

Superimpositions were done by an operator, 

who didn’t know the real combination 

between skull and photo, in order to evaluate 

the difficulty either in the placement of the 

landmarks and in the execution of the 

technique, and to test repeatability.  

Four different superimposition methods 

were used: 2D-2D (photo of the subject – 

image obtained from 3D model of skull), 2D-

3D (photo of the subject – 3D model of skull), 

2D-2D w/out-m (photo of the subject - image 

obtained from 3D model of skull, without 

mandible) e 2D-3D w/out-m (photo of the 

subject - image obtained from 3D model of 

skull, without mandible). First we used the 

2D-2D methods, that turned out to be long; 

we then developed a method to superimpose 

directly the 3D model of skull on the 

photograph of the subject. Finally we 

produced 50 superimpositions for each 

method and therefore 200 total 

superimposition.  

 

 

Fig. 1. Ten digital photographs and five 3D models of skulls used in this survey. 
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Superimpositions images were produced 

using respectively Adobe Photoshop CS5 for 

2D-2D superimpositions and Vam for 2D-3D 

superimpositions.  

For 2D-2D superimposition, first the skull 

is oriented (with VAM) by trial and error in 

the same position of the face in the photo and 

it is converted in JPG format; then the skull 

image and the photo are opened with Adobe 

Photoshop CS5. Image borders are cut off in 

order to focus on the face; the dimension of 

the obtained image is uniformed (450 pixel 

length) so to utilize the same target size in all 

pictures; targets are placed both in skull and 

photo (in two different colors, dimension 12 

pixel). Finally the skull image is overlapped 

to the photo and sized in order to match 

orientation landmarks (i.e. right and left 

Ectocantion, Subnasal point and Nasion [18]), 

modifying transparency and scale.  

For 2D-3D superimposition, 3D skull 

model is opened with Vam and targets are 

placed through a specific tool; subsequently 

the background photo, already modified by 

Adobe Photoshop (uniformed to 450 pixel of 

length and with landmarks of dimension 12 

pixel already placed), is opened and 

transparency, size and orientation are adjusted 

through specific tools in order to match 

orientation landmarks. 

The employed methodology is Gordon’s et al. 

one [18], that combines 12 morphological 

features illustrated by Austin-Smith [5] and 

16 anatomical landmarks (placed both in skull 

and face); the Superior Incisal point was  

added as an additional landmark (IS: the most 

inferior midline point on the lower border of 

the central superior incisors). After the two 

images are overlapped, as Gordon et al. [18] 

recommended, morphological characters are 

visually assessed, while the correspondent 

landmarks (bones and soft landmarks) should 

overlap, touch, or be within a certain distance 

no longer than the diameter of the dot to be a 

match. However, unlike Gordon et al.’s 

methodology that utilized 3D Studio Max 
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software program to carry out the 

superimposition, [18] we manually overlap 

the two images (skull and photo) with Adobe 

Photoshop CS5 or Vam, and we use together 

landmarks and morphological features in the 

same superimposition.  

We have established a cut-off value (as we 

will explain below) in the number of 

disagreements to obtain a match. The 

threshold for a match is 2 disagreements for 

landmarks (2L) and 2 disagreements for 

morphological features (2M) in 

superimposition with complete skull. In other 

words, a superimposition that gives as result 

(2L, 2M) or (2L, 1M) is a match, but the one 

that gives as result (3L, 1M) is a mismatch. 

Here below we show respectively an example 

of match (Fig. 2, Table 1) and one of 

mismatch (Fig. 3, Table 2): not visible 

parameters aren’t considered as errors. 

Whereas for superimpositions with skull 

without mandible, because of the decreasing 

number of evaluable parameters (14 

landmarks and 10 morphological features), 

the threshold is  1 disagreements for 

landmarks and 1 disagreements for 

morphological features (1L, 1M). In this case 

to establish if the length of skull is compatible 

with face length, skull length is evaluated 

from Bregma to Superior Incisal point, if it is 

visible in the photo, otherwise from Bregma 

to Prostion, that corresponds to the medial 

point in the superior margin of the upper lip 

[16]. 

Compared with 50 superimpositions resulting 

from each methodology the correct 

combinations (that we will await if the 

technique produces 100% positive results) are 

5 matches and 45 mismatches (since there are 

1 match and 9 mismatches for each skull 

superimposed to the 10 photos), that 

following we call them respectively “real 

matches” the effective correspondences 

(unknown from the operator) to distinguish 

them from false positives (FP) and “real 

mismatches” the effective not 

correspondences to distinguish them from 

false negatives.Skulls and photos were also 

divided by sex and the obtained results were 
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evaluated; division by sex is possible when 

pelvis is present, because sex diagnostic 

reliability based on pelvis morphology study 

(95-97%) is better than skull based diagnosis 

(80%) [26]. 

Results were analyzed with Fisher’s Exact 

Test (calculated with the software available 

on http://www.langsrud.com/fisher.htm [27]) 

and organized on graphics made by means of 

Microsoft Office Excel software. 

 

 

Fig. 2. Example of match with 2D-3D method (2L, 1M). Black target are bone landmarks while white target are soft tissue 

landmarks.  

 

 

 

 

 

 

 

 

http://www.langsrud.com/fisher.htm
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Table 1. Morphological features and landmarks examined in Fig. 2. “√” indicates the agreements, “x” indicates the 

disagreements and “NR” indicates a not observable features. 

 

MORPHOLOGICAL FEATURES  LANDMARKS  

Length of the skull compatible with facial length √ Ectocanthion R √ 

Width of the skull fills the forehead  √ Ectocanthion L √ 

Correspondence of the temporal line NR Subnasal Point  √ 

Eyebrow follows upper edge of orbit  √ Nasion  √ 

Eye is contained in the orbit √ Glabella  √ 

Correspondence of lacrimal groove √ Dacryon R √ 

Similar breath of nasal bridge √ Dacryon L √ 

Dimensions of nasal aperture within borders of nose √ Frontotemporale R √ 

Anterior nasal spine is superior to the crus √ Frontotemporale L √ 

External auditory meatus is medial to the tragus √ Gonial angle R √ 

Correspondence of oblique line of the mandible √ Gonial angle L √ 

Correspondence of  the curve of the mandible x Gnathion  √ 

  Zygion R x 

  Zygion L x 

  Alare R √ 

  Alare L √ 

  Superior Incisal √ 
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Fig. 3. Example of mismatch with 2D-3D method (4L, 2M). Black target are bone landmarks while white target are soft tissue 

landmarks.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Morphological features and landmarks examined in Fig. 3. “√” indicates the agreements, “x” indicates the 

disagreements and “NR” indicates the not observable features.

MORPHOLOGICAL FEATURES  LANDMARKS  

Length of the skull compatible with facial length √ Ectocanthion R √ 

Width of the skull fills the forehead  x Ectocanthion L √ 

Correspondence of the temporal line √ Subnasal Point  √ 

Eyebrow follows upper edge of orbit  √ Nasion  √ 

Eye is contained in the orbit √ Glabella  √ 

Correspondence of lacrimal groove √ Dacryon R √ 

Similar breath of nasal bridge √ Dacryon L √ 

Dimensions of nasal aperture within borders of nose √ Frontotemporale R √ 

Anterior nasal spine is superior to the crus √ Frontotemporale L √ 

External auditory meatus is medial to the tragus x Gonial angle R NR 

Correspondence of oblique line of the mandible x Gonial angle L x 

Correspondence of  the curve of the mandible x Gnathion  √ 

  Zygion R x 

  Zygion L x 

  Alare R √ 

  Alare L √ 

  Superior Incisal NR 
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Results  

First, an elaboration of results was needed in order to define the number of disagreements (cut-off) 

that best divide positive (real matches) from negative (real mismatches) results. The results of cut-

off analysis was respectively 2 disagreements for complete skull and 1 disagreements for skull 

without mandible: with this thresholds, sensibility and specificity of the test were maximized 

together (Fig.4).  

 

Fig. 4. Graphics show absolute difference between sensitivity (true positive rate) and specificity (true negat ive rate) as a function of 

the number of disagreements observed. The minimum of each curve identifies the cut-off point that corresponds to 2 disagreements 

for methods that utilize complete skull and only 1 disagreement for skull without mandible. 

Applying the cut off values, 2D-2D 

method correctly identified 3 of 5 skulls (i.e. 

3 real matches and 2 false negatives): in 60% 

of cases (3/5x100) the correct photo was 

included among the possible matches, while 

in 40% of cases (2/5x100) the photo 

belonging to its skull was evaluated as a 

mismatch (false negatives). However in 

addition to the corrected matches it was 

observed a 17,7% (8/45x100) of False 
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Positives, i.e. besides correct combination, 

other photos (from 0 to 3 photos) resulted in a 

positive match. Tab. 3 shows real matches 

and FP obtained with all the techniques 

analyzed in this study: combined 

methodology, methodology based only on 

landmarks and methodology based only on 

morphological features, both dividing and not 

dividing the subjects by sex. When taking into 

consideration subjects divided by sex, only 

results obtained from female subjects 

superimpositions (4 skulls and 7 photos) were 

evaluated, because the availability of male 

subjects (only 1 skull and 3  

photos) was too scarce to reach objective 

results; so for each methodology 28 

superimpositions (4 skulls x 7 photos) were 

analyzed for a total of 112 superimposition. 
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TABLE 3. Results obtained from different techniques used without dividing skulls by sex (on the left), and dividing skulls by sex (on 

the right). The number of correct identifications (RM o real matches) obtained respectively from a total of 5 (male and female 

subjects together) and of 4 skulls (only female subjects) and the percentage of false positives (FP) on a total of respectively 45 

(n/45x100) and 24 (n/24x100) real mismatches are indicated. 

Analyzing results with Fisher’s Exact Test 

(Tab. 4), and assuming as hypothesis H0 that 

the obtained results were due to chance and, 

on the contrary, as hypothesis H1 that the 

obtained results were not due to chance, it 

happens that, as far as superimpositions done 

with subjects not divided by sex, the 2D-3D 

technique which evaluates only landmarks 

with complete skull is the unique 

methodology that allows to exclude the 

hypothesis H0 because p-value is lower than 

0,05 (i.e. there is less than 5% probability that 

our results are fortuitous). That technique 

indeed identified all analyzed skulls (0 false 

negative), with 40% of FP out of 45 real 

mismatches .So considering the total of 

superimpositions carried out with this 

methodology the total of 50 superimpositions 

gave as results 23 matches (46%) and 27 

mismatches (54%); 5 out of 23 obtained 

matches are real matches, while the remaining 

18 are FP (36%; Fig. 5).  

For superimposition carried out dividing 

skulls by sex, Fisher’s Exact Test registered a 

p-value lower than 0,05; with the 2D-3D 
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technique based only on landmarks (p-value: 

0,02) and with 2D-2D combined technique (p-

value: 0,03). The first one (2D-3D) obtained 4 

correct identifications out of 4 and 33% of FP 

out of 24 real mismatches (so on a total of 28 

superimpositions carried out  

using only female skulls, resulted 16 

mismatches and 12 matches (of which 4 are 

real matches and 8 are FP) (Fig. 6); the 

second one obtained 3 correct identifications 

out of 4 and the 16,67% of FP (Fig. 7). 

 

 

Table 4. P-value obtained with Fisher’s Exact Test from superimpositions carry out without dividing skulls by sex (on the left) and 

from superimpositions carry out dividing skulls by sex (on the right). The value utilized to make contingency tables needing to make 

Fisher’s Exact Test are listed: real matches (RM), false negatives (FN), false positives (FP) e real mismatches (RmM). 

 

Fig. 5. Graphics show the distribution of results obtained with 2D-3D technique based only on landmarks for superimposition done 

without dividing skulls by sex. Results refer respectively to a total of 50 superimpositions carried out (Fig. 5a) and on a total of 45 
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real mismatches and 5 real matches (Fig. 5b). The value of matches (M), mismatches (mM), real matches (RM), false positives (FP) 

and false negatives (FN) are suggested.  

 

 

Fig. 6. Graphic shows the results obtained with 2D-3D techniques based only on landmarks for superimposition done dividing 

subjects by sex. On a total of 28 superimposition (only females subjects) the value of mismatches (mM), matches (M), real matches 

(RM) and false positives (FP) are suggested. 

 

Fig. 7.  Graphic shows the results obtained with 2D-2D combined techniques for superimposition done dividing subjects by sex. On a 

total of 28 superimposition (only females subjects) the value of mismatches (mM), matches (M), real matches (RM), false posit ives 

(FP) and false negatives (FN) are suggested. 
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Discussion  

Cranio-facial superimposition has some 

issues that have been faced and evaluated in 

this survey.  

A common point to all cranio-facial 

superimposition techniques that use targets 

proposed in literature, concerns the correct 

placement of landmarks especially on face 

(above all some landmarks as 

Frontotemporale, Gonion and Zygion): the 

correct apposition of targets, indeed, is 

affected by operator experience and skill. For 

this reason in our survey Superior Incisal 

point was added between landmarks because, 

if it is visible, it is surely easier and more safe 

to place if compared with others, since the 

compared structures (i.e. teeth) are the same 

both in face and skull [5, 28, 29]. 

Then we analyzed the number of 

morphological features and landmarks that 

should correspond to obtain a match between 

skull and photo. As described in the Results 

the threshold of 2 and 1 disagreements 

respectively for complete skulls and skulls 

without mandible is the one that maximize at 

the same time sensibility and specificity. If a 

threshold of 0 disagreements was established, 

the methodology would result ineffective, 

because the specificity would increase  

whereas there would be a decrease of 

sensibility (and so there would be less 

possibility to identify the positive results or 

real matches): considering all the four 

techniques, it would occur  a drastic decrease 

both of FP (3,33%, i.e. 6 to 180 real 

mismatches) and of positive identifications 

(5%, i.e. only 1 to 20 real matches).  

The use of skulls without mandible was 

proposed to verify if the intrinsic mobility of 

this bone could produce a greater number of 

errors in superimposition results : for instance 

if a subject laughs or has teeth not in 

occlusion, the Gnation, and the mandible’s 

curve, moves lower.  Mandible absence made 

results worse (2D-2D combined technique 

w/out-m and 2D-3D combined technique 

w/out-m produce respectively 60% and 40% 

of positive identifications with 35,5% and 
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17,7% of FP). This is probably due to the fact 

that without mandible the analyzed 

parameters are fewer and less peculiar, so 

there is an increase of FP; furthermore the 

orientation of skull without mandible is more 

difficult compared with complete skull. 

Because of the restricted number of skulls 

used for superimpositions, Fisher’s Exact Test 

was performed to verify the reliability of the 

methods: this test highlighted that when 

analyzing skulls not divided by sex, the 2D-

3D superimposition based exclusively on 

landmarks was the only reliable technique (p-

value 0,01), while if sex of the analyzed 

subject is known both the 2D-3D technique 

based only on landmarks (p-value: 0,02) and 

2D-2D combined technique (p-value: 0,03) 

are reliable: the division of subjects by sex, as 

we expected, improves the results. When 

considering together male and female 

subjects, we had some correspondences even 

between subjects of different sex (FP), 

resulting in  additional errors in the 

superimpositions. 

The methodology that employs 3D model, 

compared with 2D image of the skull, results 

convenient from different point of view. 

Landmark placement and skull orientation are 

extremely easier with 3D model, therefore the 

time spent for a superimposition is 

enormously reduced: with 2D technique it 

takes on average 1.30 hours to produce a 

superimposition, while with 3D technique at 

most 10-15 minutes. It is important to 

remember that Vam, the 

stereophotogrammetry software used in this 

survey, is more user friendly if compared with 

other software utilized in other survey (as in 

Gordon et al. [18]), So, considering the 2D-

3D techniques based only on landmarks, that 

is the most reliable technique on Fisher’s 

Exact Test basis (p-value: 0,01), results (5/5 

positive identifications; 40% FP) confirm that 

cranio-facial superimposition isn’t still 

adapted to identify, because of the great 

percentage of FP; it could rather be utilized to 

exclude, thanks to the absence of false 

negatives, even if more researches need to test 
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this technique with a greater number both of 

inter-observers and analyzed skulls.  

Finally this survey confirms that cranio-

facial superimposition has to be used 

carefully and it shouldn’t be utilized to 

identify for judicial purpose  as reliability rate 

is still too poor. 

Furthermore we confirmed that better 

results can be obtained using complete skulls 

and dividing them by sex, when it is possible. 

Finally we proved that the method based only 

on landmarks is more reliable if compared 

with that one which employs only 

morphological features or combined methods. 
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Abstract 

The evaluation of bone trauma has been considerably improved by the introduction of the most 

recent technologies; in the last years the peripheral quantitative computed tomography (pQCT) has 

found new fields of application in clinical medicine, but none of them concerns the forensic 

practice. 

This study exposes the potential of pQCT applied to forensic scenario throughout a real case, 

concerning a mummified corpse of a 16 year old girl. The autopsy pointed out several sharp force 

wounds at the chest. Among the others, a specific penetrating lesion affected the body of the first 

thoracic vertebra, deepening within the underlying cancellous bone. A pQCT scanner was used for 

the measurements (Research SA+; Stratec Medizintechnik GmbH, Pforzheim, Germany). A more 

precise reconstruction of the path of the lesion within the trabecular bone was reached, with more 

details concerning the morphological characteristics of the lesion inside the vertebral bone and the 

elaboration of a 3D model was created, which allowed the operator to define the volume of the lack 

of tissues related to the lesion. The application of pQCT scan proved to be a potentially useful tool 

for assessment of bone trauma, although further studies are needed in order to verify its reliability.  

 

Keywords: forensic anthropology; pQCT; bone trauma, sharp force 



  

 78 

 

Introduction 

An accurate analysis of bone fractures is 

crucial for determining cause and manner of 

death; the accurate fracture interpretation is 

essential for identifying the location of impact 

sites, establishing multiple impact sites, 

sequence of blows and the characteristics of 

the weapon (1). From this point of view the 

study of bone lesions is one of the main topic 

in forensic anthropology and pathology. In 

particular the analysis of Sharp force wounds, 

and especially stab wounds, is as crucial as 

problematic: the correct interpretation of the 

morphology of lesions on bone tissue may be 

fundamental  to recognize the tool used and 

reconstructing the way of inflicting trauma,  

however the small dimensions of lesions often 

don’t allow  an exhaustive interpretation  

about the weapon that produced them. 

This topic has known in the last years a 

crucial development by the application of 

most advanced technologies such as scanning 

electron microscopy coupled with X-ray 

energy dispersive spectrometry (SEM-EDS) 

(2,3) and traditional CT scan and NMR 

technologies (4,5,6,7), and the application of 

new techniques which allow the operator to 

draw a more precise visualization of bone 

structure, such as cone beam computed 

tomography (8,9). 

So what are the radiological technologies 

more effective to document and investigate 

very small lesions, but fundamental in order 

to reconstruct  manner of death, like sharp 

wounds? The Micro-CT technology allows us 

to reach very high in resolution compared to 

conventional CT (in general isometric voxel 

was from 10 to 100 microns, the resolution 

depends of the type of Micro-CT), however 

bones may have to undergo partial 

destruction. Cone Beam technology (used in 

the odontological field) can also be used on 

middle or little size samples, without causing 

their distruction. The first studies concerning 

the employment of this technology for the 

documentation of Sharp Wounds on spongy 

bones seem to lead to promising results (9).  

The natural history of forensic sciences is 

characterized by the progressive 

implementation in the forensic practice of the 

most advanced technologies, usually 

previously developed with clinical purposes, 

with a consequent improvement of 

morphological and metrical details of bone 

structures. This has led in some cases to the 

“blind” application of such techniques to the 

forensic cases, without a preliminary 

evaluation concerning the specific issues 

which can be adequately and specifically 

evaluated by the new technologies, usually 

determined by the idea that technology means 

more information. This point of view was 

denied in the last years by different authors 

which underlined the existence of specific 

factors of variability which affect the analysis 

of corpses and define the complementary 

nature of the new techniques with regards to 
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the classical morphological autoptical and forensic anthropological approaches (10). 

On the other hand, some methods may bring 

about relevant improvements in the field of 

bone assessment, since they may meet 

specific limits which cannot be faced by other 

methodologies or the traditional 

morphological analysis. This is the case of the 

morphological evaluation of signs of trauma 

on trabecular bone, which is usually difficult 

to assess by the macroscopic, microscopic 

(SEM-EDX) and radiological methods 

because of the most irregular disposition of 

bone trabeculae and the absence of the 

compact structure of the cortical bone 

(moreover the traditional casting techniques 

are problematic on cancellous bone). The 

recent introduction of Peripheral Quantitive 

Computerized Tomography (pQCT) may give 

some help in this sensitive field of research: it 

is a tomographic technique able to assess 

quantitatively the densitometric properties of 

bone. In addition, current pQCT scanners 

have a sufficient resolution (70 µm) to 

visualize the trabecular network of human 

bone in the three spatial dimensions (11), and 

therefore allow the operator to reconstruct an 

accurate geometrical and densitometric model 

of bone which takes into account both macro 

and microstructural components (12). The use 

of specific developed software can provide a 

3D model of the bone specimen, based on the 

information obtained by the scanner. In this 

way, this technology allows the observer to 

obtain a virtual model of the bone sample 

which can be analysed in three dimensions; in 

addition, the specific properties of the pQCT 

make easier the analysis of the trabecular 

bone, which is traditionally difficult to assess 

by the classic radiological methods.  

At the moment, pQCT has been applied to 

different field of research, especially for the 

evaluation of osteoporosis and bone 

distribution, thanks to its accuracy in analysis 

of trabecular bone (13-14, 15). In addition, 

recently it has been used for investigating the 

anatomy of dental root canals and canal 

volumes changes after instrumentation (16). 

However, at the moment no study has been 

yet still performed concerning the possible 

application of such technology to the forensic 

scenario, for example for assessing bone 

trauma in trabecular bone. 

This study aims at providing the first example 

of application of pQCT to a real forensic case 

in order to highlight the advantages which 

may derive from the use of such modern 

technique. 

 

Case report 

In 2010 a mummified corpse of a 16 year old 

girl was found in a church; the subject was 

seen alive for the last time in 1993. The 

autopsy pointed out several sharp force 

wounds at the chest. Ribs, cervical and 

thoracic vertebrae and the scapulae were 

recovered and cleaned by mummified tissues 

in order to analyse in depth the bone lesions. 

Among the others, a specific penetrating 

lesion affected the body of the first thoracic 
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vertebra (Fig. 1), deepening within the 

underlying cancellous bone. The morphology  

of the lesion and its position inside a bone 

rich in trabecular bone required more detailed 

radiological tests, among which a 

conventional TC scan which gave general 

indications concerning the depth and breadth 

of the lesion. 

A pQCT scanner was therefore used for the 

measurements (Research SA+; Stratec 

Medizintechnik GmbH, Pforzheim, 

Germany). This translation rotation scanner 

works with a specially developed X-ray tube 

with a 50-lm spot size (high voltage 50 kV, 

anode current <0.3 mA, mean X-ray energy 

37 keV, energy distribution after filtration 18 

keV full width half maximum [FWHM]). The 

detector-system consists of 12 miniature 

semiconductor crystals with amplifiers. The 

precision error supplied by the manufacture 

for density measurement in vivo is around 

1.5%. All images were obtained with 360 

projections, with a section thickness of 100 

µm and at in-plane pixel size of 100 x 100 

µm. The thoracic vertebra was positioned in 

the centre of a perspex container made for this 

purpose and total scanning time was 4 hours.  

A more precise reconstruction of the path of 

the lesion within the trabecular bone was 

reached (Fig. 2), with more details concerning 

the morphological characteristics of the lesion 

inside the vertebral bone. In addition, a 3D 

reconstruction and visualization of the 

structure of interest was created. Briefly the 

procedure consisted in the following steps: 1) 

slice by slice bone contour extraction using 

an already validated algorithm to divide bone 

tissue from background [13, 14]; 2) definition 

of the area characterized by lack of tissues 

due to the lesion and its contour; 3) starting 

from these contours (bone and lesion area), 

generation of a 3D model as a polygonal 

mesh structure; 4) 3D rendering of the mesh 

model, characterizing, each structure of 

interest with specific colour, brightness and 

transparency (Fig. 3). In this way, the 

visualization of the inner walls of the lesion 

was also possible with the chance of taking 

measurements of the linear and volume 

parameters (Fig. 4).  

 

Discussion and conclusion. 

In the last year the forensic practice has seen 

a constant and progressive increase of 

application of the most modern technologies, 

usually implemented from the clinical 

context. The recent introduction of pQCT has 

considerably increased the precision of 

analysis of the trabecular bone, which is 

usually difficult to assess by traditional 

microscopic or radiological techniques. From 

this point of view the present case study has 

shown an increased definition of one lesions 

within the spongeous bone; in addition, the 

details of the 3D models provide an improved 

evaluation of the morphology and metrical 

parameters of bone lesions, with respect to 

the conventional CT scan which fails in 

defining the lesions edges within the 

trabecular bone. In addition, the 3D 
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reconstruction of the volume showing lack of 

tissue allows the operator to extrapolate 

relevant information concerning the metrical 

parameters of the lesion, with a clear 

amelioration for what concerns the 

reconstruction of the used weapon. 

Finally, the pQCT technology allows to 

obtain a good resolution (70 µm, more high 

of CT Cone Beam)  

This first example of the application of such 

technology to a forensic case shows the 

potential of pQCT for the assessment of bone 

trauma, although, as observed for other 

modern technologies applied to the forensic 

field, some points of criticism need to be 

overcome, especially for what concerns the 

correct evaluation of the lesion path within 

the trabecular bone. Further studies are 

therefore needed in order to correctly define 

the limits of such technology. 
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Fig. 1: detail of the sharp force lesion on the first thoracic vertebra (in the red square) with details of 

the same lesion by stereomicroscopy 

 

 

Fig. 2: visualization of the vertebral lesion by use of pQCT; in the red square, image of the same 

lesion by conventional CT scan 
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Fig. 3: rapresentative 3D rendering of the model of the first thoracic vertebra acquired by pQCT; the 

bone is coloured in yellow and shown in transparency, the bone lesion is in red. 

 

 

Fig. 4: extrapolation of the volume and inner morphology of the bone lesion by the 3D model 

acquired by the pQCT 



  

 84 

 

References  

 

1) Burd DQ, Gilmore AE, Individual and 

class characteristics of tools, J 

Forensic Sci 2001;46(2):228-33 

2) Pechnikovà M, Porta D, Mazzarelli D, 

Rizzi A, Drozdova E, Gibelli D, 

Cattaneo C, Detection of metal 

residues on bone using SEM-EDS. 

Part I: blunt force injury, Forensic 

Science International, 2012, in press 

3) Gibelli D, Mazzarelli D, Porta D, 

Rizzi A, Cattaneo C, Detection of 

metal residues on bone using SEM-

EDS – Part II: sharp force injury, 

Forensic Sci Int 2012, in press 

4) Buck U, Christe A, Naether S, Ross S, 

Thali MJ, Virtopsy - noninvasive 

detection of occult bone lesions in 

postmortem MRI: additional 

information for traffic accident 

reconstruction. Int J Legal Med. 

2009;123(3):221-6 

5) Thali MJ, Taubenreuther U, Karolczak 

M, Braun M, Brueschweiler W, 

Kalender WA, Dirnhofer R, Forensic 

microradiology: micro-computed 

tomography (Micro-CT) and analysis 

of patterned injuries inside of bone, J 

Forensic Sci. 2003;48(6):1336-42 

6) Capuani C et al (2011) Deciphering 

the elusive nature of sharp bone 

trauma using epifluorescence 

macroscopy: a comparison study 

multiplexing classical imaging 

approaches, Int J Legal Med [Epub 

ahead of print]. 

7) Pounder DJ et al (2011) Virtual 

Casting of Stab Wounds in Cartilage 

Using Micro-Computed Tomography. 

Am J Forensic Med Pathol 32(2):97-

99 

8) Von See C, Bormann KH, Schumann 

P, Goetz F, Gellrich NC, Rücker M, 

Forensic imaging of projectiles using 

cone-beam computed tomography, 

Forensic Sci Int. 2009;190(1-3): 38-

41. 

9) Gaudio D, Di Giancamillo M, Gibelli 

D, Galassi A, Cerutti E, Cattaneo C., 

Does cone beam CT actually 

ameliorate stab wound analysis in 

bone? International Journal of Legal 

Medicine  (2013) (In press). 

10)  Cattaneo C, Marinelli E, Di 

Giancamillo A, Di Giancamillo M, 

Travetti O, Vigano' L, Poppa P, Porta 

D, Gentilomo A, Grandi M, 

Sensitivity of autopsy and radiological 

examination in detecting bone 

fractures in an animal model: 

implications for the assessment of 

fatal child physical abuse. Forensic 

Sci Int. 2006;164(2-3):131-7 

11) MacNeil JA, Boyd SK, Accuracy of 

high-resolution peripheral quantitative 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gaudio%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23392761
http://www.ncbi.nlm.nih.gov/pubmed?term=Di%20Giancamillo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23392761
http://www.ncbi.nlm.nih.gov/pubmed?term=Gibelli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23392761
http://www.ncbi.nlm.nih.gov/pubmed?term=Gibelli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23392761
http://www.ncbi.nlm.nih.gov/pubmed?term=Galassi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23392761
http://www.ncbi.nlm.nih.gov/pubmed?term=Cerutti%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23392761
http://www.ncbi.nlm.nih.gov/pubmed?term=Cattaneo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23392761
http://rd.springer.com/journal/414
http://rd.springer.com/journal/414
http://www.ncbi.nlm.nih.gov/pubmed/16466877
http://www.ncbi.nlm.nih.gov/pubmed/16466877
http://www.ncbi.nlm.nih.gov/pubmed/16466877
http://www.ncbi.nlm.nih.gov/pubmed/16466877
http://www.ncbi.nlm.nih.gov/pubmed/16466877


  

 85 

computed tomography for 

measurement of bone quality, Med 

Eng Phys 2007(29):1096-1105 

12) Boutroy S, Bouxsein ML, Munoz F, 

Delmas PD, In vivo assessment of 

trabecular bone microarchitecture by 

high-resolution peripheral quantitative 

computed tomography, J Clin 

Endocrinol Metab 2005(90):6508-

6515 

13) Rizzo G, Tresoldi D, Scalco E, 

Mendez M, Bianchi AM, Moro GL, 

Rubinacci A, Automatic segmentation 

of cortical and trabecular components 

of bone specimens acquired by pQCT, 

30
th
 Annual Internatonal IEEE EMBS 

Conference, Vancouver, British 

Columbia, Canada, August 20-24 

2008 

14)  Rizzo, G, Scalco E, Tresoldi D, Villa 

I, Moro GL, Lafortuna CL, Rubinacci 

A, An automatic segmentation method 

for regional analysis of femoral neck 

images acquired by pQCT, Ann 

Biomed Eng 2011;39(1):172-84 

15) Rubinacci A, Tresoldi D, Scalco E, 

Villa I, Adorni F, Moro GL, Fraschini 

GF, Rizzo G, Comparative high-

resolution pQCT analysis of femoral 

neck indicates different bone mass 

distribution in osteoporosis and 

osteoarthritis, Osteoporos Int 

2012:23:1967-75 

16) Sberna MT, Rizzo G, Zacchi E, 

Capparè P, Rubinacci A, A 

preliminary study of the use of 

peripheral quantitative computed 

tomography for investigating root 

canal anatomy, Int J Endodontic J 

2009;42:66-75 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 86 

CAPITOLO 7 

 

 

 

The application of cone-beam CT in the aging of bone 

calluses: a new perspective? 
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CAPITOLO 8 
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8.1 Age estimation from canine volumes. 

De Angelis D., Gaudio D., Cipriani F., Guercini N., Cattaneo C. 

 

Introduction. 

Biological age estimation techniques are constantly evolving and they find daily application not 

only in the clinical field such as dismetabolic diseases diagnosis or orthodontic therapies, but also in 

the forensic field in cases concerning the determination of the chronological age of a corpse or a 

living subject. 

Unidentified bodies age estimation is a crucial step in the biological profile reconstruction and it is 

often needed before personal identification is performed. Age estimation on a living person is a less 

known field, but more and more approached by the forensic communities as, for example, 

immigration to Europe of people without information from a civil registry is increasing.    

Teeth and bone development are frequently used in sub adults age estimation giving back more 

precise results if compared with methods commonly used for adult age estimation. Dental methods 

are also often used because teeth are very resistant to chemical and physical factors (Cattaneo 

2004). Moreover, pathologic and environmental factors have less influence on teeth development if 

compared to skeletal ones. Teeth are made up by dentin, that contain the pulp chamber, enamel, that 

cover the crown dentin and cementum that cover the root. Enamel, once formed, do not change; 

modifications are due just to external factors such as decalcification, fractures, abrasions and habits 

that could lead to a permanent enamel modification. Conversely, dentin and pulp chamber changes 

during the entire life of a person, not only in subadults. With age, dentine formation continues 

slowly: the formation of secondary dentine produces the pulp chamber decrement in size. Starting 

from this consideration, various authors developed age estimation methods based on pulp chamber 

contraction.  

In 1950 Gustafson published a method that takes into consideration pulp chamber contraction 

among other factors; one of the main limitation of the method consists in the fact that dental 

features are observed on a thin tooth slice, so the tooth has to be destroyed to apply it.  

Thanks to the use of radiography less invasive approaches can be followed, and, most of all, 

applicable on living subjects. These methods are based upon the correlation between chronological 

age and some ratios between linear measurements on a tooth radiograph (Tadokoro, 1959; Itagaki, 

1974, Ikeda et al.1985, Andrea et al., 1995; Kvaal et al. 1995). Other methods take into 

consideration the ratio between the radiographic image of the pulp chamber area and the entire 

tooth area (Itoho 1972, Shinozaki 1975, Cameriere et al. 2004, 2007). These methods are therefore 
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based on mono or bi dimensional measurements performed on a radiograph of three-dimensional 

structures. 

The use of CT allow a precise quantitative volume evaluation of all the dental tissues. Vandevoort 

et al. (2004) were the first to use a micro-CT on 43 monoradicular teeth to asses the correlation 

between chronological age of a subject and the ratio between the pulp chamber volume and the 

entire tooth volume; they used a specifically developed software to evaluate all the volumes. Even if 

it turned out to be a time consuming method and the correlation coefficient was moderate (r= - 0,57; 

R2 = 0.31), authors gave a great impulse to the following researches. 

Aboshi et al. (2005) used 100 lower premolars to develop an age estimation method based on the 

ratio between the pulp chamber volume and the entire tooth volume determined via a micro-CT and 

3D reconstruction via TRI/3D-BON software (Ratoc System Engineering, Japan). 

Someda et al. (2009) performed micro CT on 155 sound central inferior incisors with closed apices. 

With the aid of a commercial software (TRI/3D-BON, Ratoc System Engineering, Japan) they 

calculated enamel, dentine and pulp chamber volumes. Regression formulae were then calculated 

taking into consideration the ratio between the pulp chamber volume and the entire tooth volume 

except the enamel.  

Yang et al. (2006) found a moderate correlation coefficient from a linear regression (r= - 0,54; R²= 

0.29) using the ratio between volumes of pulp chambers and of entire teeth of 28 monoradicular 

teeth. They used a CBCT and a specifically developed software. 

Tardivo et al. (2011) evaluated volumes of 133 canine via a CBCT. They chose canines as they 

usually survive to other teeth regardless of age, they are less subjected to wear and they have the 

biggest pulp chamber among monoradicular teeth. Volumes were calculated using a CBCT and the 

commercial software MIMICS (Materialise NV, Leuven, Belgium). Authors published three 

regression formulae with a correlation coefficient of -0,62 and a coefficient of determination of 0,38 

regarding male and females together, r =  - 0,68 and R2 0.47 for males and   r = - 0,57 e  R2 = 0.32 

for females. 

Star et al. (2011) adopted the software Simimplant Pro to calculate volumes from 111 teeth CBCT; 

they found a better correlation between volume ratios and chronological age in females than in 

males (R
2
=0.37 females; R

2
=0.30 males) and a better correlation using incisors (r= - 0,27) if 

compared to canines. The lower correlation found using canines could be due to the little number of 

canines (32). 

Jagannathan et al. (2011) made 188 canines CBCT and calculated pulp chamber and teeth volumes 

via a software by GE Systems, USA; they elaborated a regression formula with a lower error (r= - 
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0,63) of Yang’s (2006). Authors suggest then that correlations may vary in different populations 

and that specific formulae should be applied for the age estimation.  

Finally, Sakuma et al. (2013) used a MDCT and the commercial software Synapse (Fujifilm 

Medical Co., Ltd., Tokyo, Japan) to determinate the volumes of 136 inferior premolars. Correlation 

coefficients between volumes ratios and chronological age are r= - 0, 43 and R2= 0,186 for females, 

r = -0,772 and R2 = 0,596 for males. 

The literature review shows that the research in the field of correlation between teeth volume ratios 

and chronological age is still at the beginning and deserves deepening. Teeth commonly used by 

authors are monoradicular ones, often canines; radiographic images come from micro-CT 

(Vandevoort et al., 2004; Aboshi et al., 2005; Someda et al., 2008), MDCT (Sakuma et al.,2013)  

and CBCT (Fan Yang et al., 2006; Tardivo et al. 2011; Star et al.,2011; Jagannathan et al.,2011); 

volumes are calculated via commercial license software. From the review it also come out that the 

proposed regression formulae are different among authors, maybe because of the different 

geographic origin of the population, maybe because of the different population age distribution. The 

present study starts from these considerations, with the aim of proposing new regression formulae 

using: 

- CBCT images, as cone beam tomographs  are nowadays quite common in dentistry, 

- canines as they usually survive to other teeth regardless of age, they are less subjected to 

wear, they have the biggest pulp chamber among monoradicular teeth, 

- a freeware, open source software to calculate volumes. 
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Materials and methods. 

CBCT from 91 subjects, 42 males and 49 females aged 17 to 77 were used to determinate pulp 

chamber volumes and entire teeth volume of the upper right canines. All the CT were performed 

because of clinical reasons that had nothing to do with upper right canines. Only sound teeth were 

taken into consideration. The machine used was an i-Cat Next Generation (Imaging Sciences 

International, Hatfield, Pa) with the following setting: voxel size: 0,4 mm, scan time: 8,9 sec, mA: 

5, mAs: 19, kV: 120, Scan width: 23,2 cm, Scan height: 17 cm. DICOM files were then elaborated 

via the freeware and open source software OsiriX (22). 

AGE 
RANGES 

15 
20 

20 
25 

25 
30 

30 
35 

35 
40 

40 
45 

45 
50 

50 
55 

55 
60 

60 
65 

65 
70 

70 
75 

75 
80 

80 
85 

85 
90 

TOTAL 

ALL 10 7 8 6 8 6 6 8 5 10 7 8 1 1 0 91 

MALES 5 2 2 4 5 3 3 4 1 4 5 3 1 0 0 42 

FEMALES 5 5 6 2 3 3 3 4 4 6 2 5 0 1 0 49 

 

Tab1: population age distribution. 

 

Pulp chamber and entire tooth volumes were calculated highlighting on assail slices the tooth and 

the pulp chamber perimeters via the tool ROI (Region Of Interest). OsiriX can automatically 

generate ROIs on slices between two manually created  ROIs, so, via the tool “pencil” ROIs were 

generated every 3-4 slices, from the tooth apex to the most occlusal point of the crown.  

 

 
Fig.1 the ROI delimitation 

 

Missing ROIs are then automatically generated by the software via the function “generate missing 

ROIs” and verified analyzing each assail slice to correct them if necessary. Volumes ROIs are 

calculated by the OsiriX function “ROI Volume – Compute Volume”. 
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Fig.2 the software generated tooth volume 

 

Via this algorithm, teeth volumes (DV), pulp chamber volumes (PV) and their ratios (PV/DV) were 

calculated.  
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Results. 

Teeth volumes have a continuous distribution with a maximum modal from 0,4 cm
3
 and 0,5 cm

3
 in 

the female group and from 0,7 cm
3
 to 0,8 cm

3
 in the male group (fig.3) Pulp chamber distribution is 

uniform in both sex with the exception of the lower interval from 0,005 cm
3 

e 0,01 cm
3 

(fig.4). The 

PV/PD ratios distribution is uniform, with the exception of the upper interval from 0,07 cm
3
 and 

0,08 cm
3
. 

 

Fig.3: dental volumes distribution in both sex 

 

 

Fig. 4: pulp  distribution in both sex 
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As data distribution do not show any abnormal or significantly eccentric element, all 91 teeth were 

included for the regression analysis 

P/D ratio turned out to be correlated to chronological age with linear function for the female group 

and less correlated, but significantly, for the male and the whole group. The correlation degree is 

calculated on “r” parameters (correlation coefficient or Pearson product moment correlation 

coefficient) and "R2" (coefficient of determination). 

The correlation is moderate for the female group (regression formula: Y = -774,8 X + 74,4 r= - 

0,696 R2 = 0,485), moderate for males (regression formula: Y = -795,3 X + 75,5 r=-0,513 R2 = 

0,263) and moderate as well when considering both sex (regression formula: Y = -780,9 X + 74,7 

r= - 0,624 R2 = 0,389). 

A comparison between two regression lines for males and females by Student's test does not detect 

a significant difference (2-tailed p-value for slope is 0.93 and 0.92 for intercept) thus making it 

likely a common regression line to all samples.  

The better correlation in the female group is probably due to the more steady distribution in the 

higher P/D values (>0,5) while in the male group there’s a higher density in intermediate values 

(0,03-0,04). 

Prediction intervals, defined by desired confidence intervals and defined as observed data variance 

function, were calculated to describe prevision accuracy. (Tab.2, Fig.5). 

 

ESTIMED AGE 
by linear regression 

CONFIDENCE 
ESTIMATION 

PREDICTION 
INTERVAL 

(years) 

ALL Y = -780,9 X + 74,7 

95% ± 29 

90% ± 24 

80% ± 19 

70% ± 15 

60% ± 12 

MALES Y = -795,3 X + 75,5 

95% ± 32 

90% ± 27 

80% ± 21 

70% ± 17 

60% ± 14 

FEMALES Y = -774,8 X + 74,4 

95% ± 28 

90% ± 23 

80% ± 18 

70% ± 15 

60% ± 12 

 

Tab.2: prediction interval with different confidence 
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Fig. 5: Confidence and prediction interval graphs 

 

Age estimation using linear regression formulae from the studied population are not very precise: 

prediction interval is around ± 30 with 95% confidence for males and females. Different intervals 

with a lower excursion (higher precision) are therefore listed, but they are obviously associated to a 

higher uncertainty (lower accuracy): with 60% confidence there is a prevision interval of ±12years 

in the female group and ±14 for males. 

 

Discussion. 

Chronological age estimation on a cadaver is often a crucial step in the biological profile 

reconstruction and a precious aid in personal identification; age estimation is as well important 

when applied in living subjects for civil, criminal or social issues. Methods developed for sub adults 

subjects are indeed much more reliable than the ones used when bones and teeth are completely 

developed. Among adult methods, the ones that take into consideration the formation of secondary 

dentine, in other words the pulp chamber contractions, are well known by the forensic community 

and widely adopted. In the last few years different authors studied the correlation between 

chronological age and the ratio between the volume of the pulp chamber of a tooth and its entire 

volume adopting images from micro-CT, MDCT e CBCT processed via commercial software.  

In this study CBCT of sound upper canines from living subjects were used to evaluate the 

correlation between the patient’s age and the volume ratio between pulp chamber and tooth with the 

aid of a freeware, open source software. CBCTs were used because nowadays they are quite 

common between dental practitioner; canines were chose because already used in previous studies 

and because are frequently found more sound than other teeth in dental arches; lastly a freeware, 
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open source software was used to allow affordable reproducibility of the proposed method and 

formulae. 

Linear models published by Star et al. (2011) and by Tardivo (2011), authors that studied the 

correlation between canines volumes and age, have correlation indices (r) that go from a minimum 

of 0.27 to a maximum of 0,68. Correlation coefficients from the present study are similar to 

Tardivo’s (2011). Comparing the results from the present study to Star’s, a better correlation can be 

noticed in the present study, probably because of the lower number of canines used by Star (32) if 

compared to this one (91). 

Determination index R2 for females is 0,485; 0,263 for males and 0,389 when considering both sex. 

The female group better correlation is probably due to a steadier distribution even in higher values 

of P/D (> 0,05) while in the male group we have a higher density in intermediate values.  

Age estimation adopting the proposed regression formulae have a prediction interval of ±12 years 

with 60% confidence; however, with 95% confidence, the prediction interval is ±30 years. This last 

consideration makes the proposed regression formulae not jet very useful in the forensic field. More 

studies focused on bigger population, characterized by a steady age distribution and maybe the use 

of other teeth together with canines, are indeed needed to evaluate the possibility of an age 

estimation reliable method based on pulp chamber volume contraction. 
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8.2 A preliminary study of virtual facial reconstruction by means of 3D models acquired by 

Laser Scanner and a new facial reconstruction software. 

Gaudio D., Guyomarc’h P., Cattaneo C. 

Introduction. 

Facial reconstruction is the last step in the developing of a biological profile of a subject. Of course 

it is an operation possible only in the presence of a cranium and although it is mainly used in 

forensic, sometimes it shows to be useful in archaeology too [1,2,3,4]. Nevertheless it is important 

to make clear that the final goal, judicially speaking, is not to obtain the face of the studied subject 

as it was, but to give a relatively alike, highly effective, which, correctly diffused, can lead to the 

recognition by relatives or simple acquaintances [5]. 

To produce this resemblance, reconstructing techniques are based on the assumption the cranium 

morphology influences the morphology of the surrounding soft tissues (in other words: face). 

On the original cranium a cast takes place; then this cast is used as basis for the reconstruction, 

which can be operated by hand (Manual) or, as we’ll see, by computer. The manual reconstruction 

is generally conducted following what is known as “Manchester Protocol”, which mixes two 

different techniques, the Russian method and the American. The first is mainly based upon 

anatomy, through a detailed reconstruction of the whole muscle tissues of head and neck, using clay 

or plasticine. The second method uses tissue thicknesses, gathered along the years through different 

ways – from the usage of pin run into corpses’ faces to more modern ultrasound technologies; these 

thicknesses are signalled on the cranium by rubber or timber pieces which mark the extreme borders 

of the face. These must be connected each other by clay (or others materials) stripes. The average 

tissue values are gathered up in tabs, divided by sex and physical constitution. With the Manchester 

protocol (1973) the facial reconstructor first runs the thicknesses on the cast, then anatomically 

reconstructs the face. This protocol takes part in binding the artistic freedom of the reconstructor: in 

fact, in 1910 through Eggelin counter-test it was proved that several reconstructors, even using the 

same thicknesses, can produce great differences with the original sample and among the casts 

themselves. Therefore, introducing the Manchester technique points to limit mistakes by the 

executors. Nevertheless, even with this protocol, the variety in execution is still the main limit in the 

manual technique. 

The use of new cranium acquisition technologies and the diffusion of 3D modelling softwares may 

lead to improvements in facial reconstructing: for example, by means of 3D models and of tools of 

quick prototipation (3D print) it is possible to get a copy of the cranium without accessing the 

original sample [6]. 
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One of the first works in using computer graphics in facial reconstruction belongs to 1989 [7], in 

which a cranium was acquired by a “primitive” model of Laser Scanner (then elaborated by a 

medical graphic software, UCL for 3D surface). The result, even if approximate, put basis to 

develop this combination of means [8]. After that followed various works which goal was to 

reproduce the manual method of reconstructing tissues in virtual context [9]. For some of these 

works systems of 3D animation softwares was expected [10,11,12,13]. For others, systems of 

virtual sculpturing was expected [14]. A different approach was the trying to adapt a virtual face 

with “average” tissue samples, “forcing” (distortion) and modelling it on the cranium examinated 

[15]. 

During this study a 3D Laser Scanner has been used in order to acquire crania on which operate the 

facial reconstruction. This has then been developed by the use of a software still under exam 

(TIVMI – AFA3D). This software has been tested to import DICOM files (coming from CT) but in 

this preliminary study it has been verified the possibility to import models obtained by the Laser 

Scanner and to examine advantages and drawbacks of these kind of models for the use of the new 

software. The final goal was not just verifying the actual resemblance to the real subject, but also 

the effective possibility for different operators to reproduce the same reconstruction, in order to 

understand whether this method can limit differences between operators. 

Materials and methods. 

Four crania have been acquired, of which we might dispose of images when alive (3 females and 1 

male). The acquisition has been operated through Minolta Vivid 910 Laser Scanner (Konica 

Minolta Sensing, Inc. Osaka – Japan ). For every subject separate acquisitions of cranium and 

mandible have been carried out, linking them virtually by Autodesk 3ds Max software. This kind of 

procedure has been elected to get the most complete 3D model possible. The four 3D models have 

been saved in OBJ format and subsequently imported into the TIVMI software (for treatment and 

Inscreased Vision for Medical, developed in the PACEA laboratory, UMR 5199 of CNRS, 

University of Bordeaux). In the TIVMI software it has been developed the AFA3D module, 

allowing for the estimation of face shape based on skull landmark coordinates. It has been 

developed in the Université de Bordeaux, between the UMR5199 PACEA (Anthropologie des 

Populations Passées et Présentes) and the UMR5800 LaBRI (Laboratoire Bordelais de Recherche 

en Informatique). This software applies a huge quantity of tissue thicknesses (78) in as many 

craniometrical points, obtained by a research oh tissue values executed on a large sample of CTs ( 

500 individuals of French nationality ). Once the model has been imported the procedure to the 

reconstruction sees:  
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- The manual positioning (lead by the operator) of 78 landmarks on the cranium 3D model 

(fig.1). 

- The input of generic information about the subject, that is sex (male/female/unknown), 

 age ( <40; >/= 40; unknown ) and the constitution (normal, overweight, unknown) (fig.2). 

Now the software gives, by means of a mesh, a synthetic skin to the cranium, on the basis of a 

thicknesses database. Soft tissue depths are estimed using regression formulae, and landmarks of 

facial organs (eyes, nose, mouth and ears) are independently estimated with regression of PC scores 

extracted after procrustes superimpositions of the datasets in R [16]. 

Facial reconstructions of the four subjects have been carried out by two different operators and 

compared to the real faces. The four couples of reconstructions have then compared each other 

through the function generated color-coded mapping of the differences of Amira® software 

(multifaceted 3D software platform for visualizing, manipulating, and understanding biomedical 

data). 

 

 

 

 

 

Fig.1: positioning of a landmark in correspondence of the canine fossa. On the right the 

complete list of 78 landmarks. 
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Fig. 2: The input of generic information about the subject, that is sex, age and the constitution. 

 

Results. 

The importing of 3D models of crania acquired by Laser Scanner in OBJ format has given an 

excellent visualization of the anatomic characteristics useful for a correct placing of landmarks; 

some difficulties have still been noticed in correspondence to Nasomaxillofrontale and 

Zygomaxillare. 

The faces obtained by the discussed method have produced little resembling reconstructions (an 

example in fig. 4). Nevertheless in all four the cases a quite trustworthy reproduction of the nose 

pyramid have been noticed, both if observed in frontal way and in lateral way. Also the overall 

shape of the faces has result coherent with the original, when observed in frontal way. The orbit 

region has resulted as little resembling, and so did the buccal region. In detail, in the first case it has 

been observed a wrong reconstruction of the morphology of the eyes, with constant production 

(present in all of the four cases) of “drop shaped” with side-tip of the eye, bent towards the lower 

side. Even by using four landmarks the shape of the lips seems to be standardized and therefore 

little resembling to the original samples. 

The color-coded mapping of the differences between couples of facial reconstruction lead on the 

same crania by different operators (therefore representing the inter-observator mistake), shows a 

good homogeneity in terms of morphology on precise regions of the face: we refer to the facial 

massif, particularly the nose, cheeks (between Zygion and Alare), temples (in coincidence to the 

frontotemporal) and to the region set between Subspinal and Prosthion. In two case (3,4, see fig. 4) 
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it has been observed a discrepancy larger than 2 mm in the frontal and epifrontal regions, and 

around the ear.  

  

Fig. 3: an example of facial reconstruction of a subject (on the left). 

 

1  2  3  4  

Fig. 4: color-coded mapping of the differences between the four couples of facial reconstruction  

The larger distances are marked by red color ( >2 mm); in the blue regions there is no difference metric (0 

mm). 
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Discussions and conclusions. 

The study, developed combining Laser Scanner acquisition method combined with the 

experimented tool AFA3D of TIVMI software must be deepen through a statistic analysis of 

morphometric differences between the two operators and an enlarging of the number of crania 

analyzed. 

Anyway this preliminary study has given some methodical indication of particular relevance: the 

test testifies the possibility to import 3D models obtained by means of Laser Scanner into the 

software, converting the model into OBJ format. Using Laser Scanner, mobile and transportable, 

seems to be more comfortable than conventional CT, because of the possibility to acquire data 

directly wherever the sample is kept (the anthropology laboratory itself, a museum, etc.). 

Nevertheless the major advantage has been seen in the quality of the model, excellently reproduced 

in every detail, particularly the cranium sutures. This detailed reproduction of the bone surface 

allows a better and more comfortable placing of landmarks, fundamental for the experimented 

software: a lot of them are situated in the very correspondence of the sutures (i.e. Mid-nasal,Zygo-

maxillare, Frontomalare orbitale/temporale, MId-nasomaxillare, etc.). The same good quality 

resolution can be obtained also with new generation CT (CBCT for example) anyway and Laser 

Scanner is not the best solution when studying archaeological subject with no direct access to the 

cranium, such as mummified corpses [6]. 

Even though some regions of the face have shown to be well represented (particularly the nose 

pyramid), the final result of the reconstruction of the four subject is little resembling to the original, 

in an overall view. This even an extremely high number of landmarks have been used (78). 

It has already be discussed that facial reconstruction does not aim to reproduce perfectly a face, but 

just to give a “probable” result, that is because the experimented computerized method is based, just 

like manual method, on tissue thicknesses that are nothing else than average values, calculated on a 

sample. The very contrary of what a face is, that is a gathering of peculiar characteristics. It’s very 

important to say that the discussed methodology excludes the individuality of the operator, which 

can influence the result of the reconstruction only through the input of the particulars of the subject 

(sex, age, constitution) and the correct/incorrect placing of landmarks. 

The major limits spotted in the experimented method is the impossibility to show subjects’ teeth, 

fundamental in the process of identification, because of their certain reliability, teeth which are 

instead part of the manual methodology; furthermore there’s the wrong output of the eyes 

morphology. An advantage of the experimented technology lies instead in the possibility to verify 

the reproducibility of the result: as above mentioned the variability in execution among 

reconstructors is still one of the major limits of the manual method. Again it is difficult to conduct 
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inter-operators studies when two manual reconstructors are working on the same cranium. The 

manual method is time consuming (it takes several days for the complete execution) and it must be 

conducted by staff with particular anatomical knowledge of anatomic and of instruments to be used. 

The experimented process has shown to be instead relatively quick (the Laser Scanner acquisition 

of cranium and mandible can be accomplished in about an hour; preliminary elaboration with 

Autodesk 3ds Max takes half an hour and the virtual reconstruction with AFA3D takes about 3 

hours more),  the operator needs to have ostheologic and antropometric basal knowledge but a good 

experience in softwares for 3D modeling.  

As result the computerized technique shows to be more repeatable because of its quickness and 

because it can be executed by operators with less specific tasks (and fast to be acquired as well). 

The possibility to work on a virtual reconstruction in a format that can be imported and exported on 

and from softwares for the analysis of 3D data allows to compare quickly morphometric of the face 

obtained, operation that has been carried out during the course of this preliminary study by the use 

of color-coded maps obtained by Amira. The results show quite a remarkable difference (of some 

millimeters) among the pairs of facial reconstructions. The most relevant ( >2 mm) have been 

observed in the frontal, epifrontal and ear regions. No difference (0 mm) has been noticed in the 

region of the facial massif for 2 couples of 4. These first result are considered to be promising, even 

though it is critical to deepen some causes of discrepancies: as the software automatically generates 

the thicknesses on which landmarks are placed, it is evident that 1) discrepancies between couples 

of reconstructions are due partly to the different placing of some landmarks accomplished by the 

two operators. It will therefore be necessary to assess this discrepancy. Observing the color coded 

maps it is already possible to get in the mandible landmarks the craniometrical points which show 

more issues in terms of repeatability. 2) Frontal, epifrontal and ear zone discrepancies are not due to 

different positioning of the landmarks (in fact it has been observed an excellent correspondence of 

glabella and frontotemporals landmarks ) as much as the lacking of landmarks themselves in those 

very regions. Of course they will need to be implemented.  

The possibility to conduct the above mentioned evaluations, with the aid of 3D analysis softwares, 

constitutes a great advantage itself in the study and in the development of the method here discussed 

which, given the exposed limits of facial reconstruction, present improvement margins. 
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CONCLUSIONI 

 

Il lavoro di tesi qui presentato ha indagato l’applicazione delle tecnologie tridimensionali su 

numerose tematiche nell’ambito dell’antropologia fisica e forense. Per affrontare tali tematiche è 

stato necessario selezionare gli strumenti e i software, acquisire digitalmente la più ampia varietà di 

materiale possibile e quindi concentrarsi sulle linee di ricerca che apparivano più promettenti. Si è 

elaborato un modello acquisito (tramite laser scanner a tempo di volo) nel corso di uno scavo di 

archeologia forense (Capitolo2), che ha permesso la riproduzione tridimensionale del luogo di 

giacenza producendo una rappresentazione “immersiva”, che consente all’operatore di esplorare e 

analizzare lo scavo in tutti suoi aspetti geometrici.  

È stato altresì acquisito materiale in diverse condizioni tafonomiche rilevando come la tecnologia 

laser scanner sia poco adatta a registrare materiale carbonizzato (poiché il laser è assorbito dal 

colore scuro dell’osso) e materiale riflettente, come ad esempio i denti (che riflettono il laser 

producendo “rumore”, ovvero nuvole di punti ridondanti intorno alla superficie) ma che la stessa 

tecnologia risulti molto adatta ad acquisire le superfici di soggetti viventi (e cadaveri non in stato di 

decomposizione) e dei reperti scheletrici non alterati gravemente da eventi tafonomici. I reperti 

scansionati costituiscono un importante archivio virtuale, utilizzato per diversi studi: tra il materiale 

scansionato vi sono 24 calchi di sinfisi pubiche e 19 superfici auricolari di una collezione 

archeologica che sono stati utilizzati per verificare la riproducibilità delle scansioni con l’utilizzo di 

3 diversi tipi di Laser Scanner (capitolo 3). È importante sottolineare che le performance dei Laser 

non sono comparabili esclusivamente dall’accuratezza indicata dal costruttore in quanto vi sono 

variabili (dalla luce nel momento dell’acquisizione, all’angolo di ripresa, alla distanza tra oggetto e 

scanner) che possono influire sulla qualità della scansione. Lo studio condotto ha dimostrato la 

riproducibilità delle aree acquisite con differenti Laser che, se sovrapposte, differiscono di una 

percentuale che varia tra lo 0.3% e il 2.4%. 

La tecnologia Laser Scanner si è rilevata la più adatta e veloce per acquisire crani e mandibole 

sui cui condurre studi relativi al profilo biologico e all’identificazione personale. I modelli 3D 

acquisiti tramite Laser Scanner sono stati utilizzati per testare una tecnica di sovrapposizione 

cranio-facciale computer-assistita non automatica (capitolo 4). I risultati ottenuti indicano che l’uso 

del modello 3D del cranio facilita il processo di sovrapposizione rendendolo molto più veloce, 

tuttavia, per quanto concerne l’affidabilità del metodo, la persistenza di un’alta percentuale di falsi 

positivi rivela che la tecnica di sovrapposizione cranio-facciale non deve essere utilizzata per 

identificare ma è più idonea come tecnica di esclusione.  
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I modelli di cranio e mandibola 3D acquisiti con Laser Scanner sono stati testati come base per 

condurre ricostruzioni facciali in ambiente virtuale (capitolo 8.2) Attraverso l’utilizzo di un nuovo 

software in fase di sperimentazione (TIVMI-AFA3D) si è valutata l’effettiva capacità del software 

di riprodurre volti a partire da modelli 3D e si è testata la riproducibilità della ricostruzione facciale 

ottenuta tra due inter-operatori su quattro crani, di cui si era in possesso dell’immagine del soggetto 

in vita. Le ricostruzioni facciali compiute dagli inter operatori sono state confrontate tramite una 

mappa colorimetrica che ha rilevato buona omogeneità in termini morfometrici su regioni del volto 

precise (massiccio facciale, guance e tempie), ma discrepanze in corrispondenza dei rami 

mandibolari e nella regione frontale, epifrontale e dell’orecchio. Le discrepanze tra le coppie di 

ricostruzioni facciali sono dovute in parte alla diversa collocazione di alcuni landmarks operata dai 

due operatori, in parte alla carenza di landmarks nella regione frontale e dell’orecchio. 

L’impossibilità di condurre ricostruzioni di volti che mostrano i denti (elementi di grande 

importanza identificativa) risulta il principale limite della metodica sperimentata; testare la 

riproducibilità del metodo attraverso software dotati di mappe colorimetriche che confrontino i 

modelli 3D dei volti ottenuti costituisce un vantaggio oggettivo per controllare e quindi migliorare 

la metodica virtuale. 

Nel corso di questa ricerca si è potuto riscontrare come la tecnologia Laser Scanner sia adatta per 

condurre acquisizioni sia su scavo e sia singoli reperti scheletrici in laboratorio grazie alla 

trasportabilità dello strumento unito all’alta qualità delle acquisizioni che esso produce. Tuttavia 

tale tecnologia ha il limite “intrinseco” di poter acquisire solamente superfici, non può rivelare nulla 

di ciò che è all’“interno” dell’elemento che si sta acquisendo. Nello studio condotto per la 

determinazione dell’età a partire da volumi dentari (capitolo 8.1) era necessario acquisire sia il 

volume esterno del dente sia il volume della camera pulpare, ci si è rivolti pertanto a una recente 

tecnologia TAC in grado di acquisire l’esterno e la struttura interna di reperti di piccole dimensioni 

(con accuratezza sub millimetrica): la CT Cone Beam. Tramite l’utilizzo di un software gratuito 

(OsiriX) è stato possibile ottenere i volumi necessari per poter calcolare il rapporto tra i due volumi 

e svolgere lo studio della regressione. Il coefficiente di correlazione e di determinazione sono 

paragonabili a quelli condotti da altri autori con strumentazioni più costose (in particolare con 

software a pagamento), l’equazione ricavata mostra tuttavia ancora scarsa precisione nella stima 

dell’età.  

La CBCT è una metodologia che si è rilevata utile anche nell’ambito dell’indagine di lesività, ambito 

in cui il Laser Scanner si rivela non idoneo se utilizzato per acquisire lesioni che intaccano in 

profondità la superficie ossea (lesioni d’arma bianca) e lesioni pregresse e in via di guarigione 

(lesioni antemortem). È stato condotto uno studio su lesioni da punta e taglio prodotte in laboratorio 
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su osso spugnoso e corticale acquisite con CBCT (Capitolo 5). Benché su osso corticale non siano 

stati conseguiti risultati soddisfacenti, su osso spugnoso sono state ottenute ottime riproduzioni 

tridimensionali delle lesioni ed è stato proposto un metodo per l’analisi differenziale tra lesioni 

monotaglienti e bitaglienti.  

In un caso reale di antropologia forense, in cui la vittima è stata attinta con un colpo d’arma bianca 

sul corpo della prima vertebra cervicale, è stata invece testata per la prima volta in ambito forense la 

Tomografia Computerizzata Quantitativa periferica (peripheral Quantitative Computed. 

Tomography, pQCT), ottenendo la ricostruzione tridimensionale della lesione e della porzione 

“mancante” dell’osso, ricostruzione, questa, che permette di risalire alla forma della lama (capitolo 

6). Per quanto concerne la lesività antemortale la tecnologia CBCT è risultata efficace nella 

valutazione della struttura interna dei calli ossei (capitolo 7), valutazione utile nella datazione di 

una frattura pregressa. 

In conclusione, la ricerca condotta ha confrontato tecnologie tridimensionali diverse cercando di 

verificarne le potenzialità e i limiti, proponendo una “guida” utile alla scelta delle metodiche 3D 

disponibili in base all’ambito antropologico a cui ci si rivolge, nella consapevolezza che le 

tecnologie digitali sono comunque in continuo, e vivace, sviluppo. Nella consapevolezza, infine, 

che le metodiche illustrate non possono in alcun modo sostituire il giudizio critico dell’operatore: 

come disse qualcuno, il telescopio non avrebbe scoperto nulla, se non c’era Galileo a guardarci 

dentro.  
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