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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 occupo, tra
I’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 piu importanti del
diciannovesimo secolo. La ragione per cui egli introduce questa tesi di dottorato & pero dovuto al
fatto che Quatrefages s’interesso anche alla specie umana, al cui studio dedico buona parte della sua
vita. Egli fece chiamare “cattedra di antropologia” quella di “anatomia e storia naturale dell'Uomo”
di cui era titolare; si puo dire che la sua fu la prima cattedra ufficiale di antropologia (1855). Defini
I’antropologia come “la storia naturale dell’'uomo”. Tale definizione é sostanzialmente valida anche
oggi: secondo I’American Association 0of Physical Anthropology, I’ Antropologia fisica (0
biologica) ¢ 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 € una disciplina con piu 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, ’'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, 0 anche bioarcheologia) quando ci si riferisce allo studio dei
resti umani rinvenuti in siti e contesti archeologici. L’antropologia forense, infine, ¢ I’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/

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 occupera di tematiche e metodiche relative all’antropologia fisica ¢
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, eta,
statura, etnia) e informazioni circa le patologie di cui il soggetto soffriva. Lo studio di lesivita
permette di valutare le lesioni perimortem che possono dare indicazioni circa la modalita 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
I’analisi dello scheletro fornisce informazioni fondamentali nelle indagini giudiziarie:
I’antropologo, ove possibile, non si limita all’identificazione generica ma fornisce informazioni utili
circa I’identificazione personale del soggetto.

Le operazioni preliminari che ’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 I’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 1'utilizzo di microscopi ottici, stereo microscopi € microscopi elettronici
al fine di valutare caratteri 0 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
0ssa, sia per raccogliere informazioni generali relative al soggetto a cui appartiene 1’0sso 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 piu 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.



1.2 Nuovi tipi di tecnologie al servizio dell’antropologo

| metodi di imaging tridimensionale (3D), o diagnostica per immagini tridimensionali, hanno
conosciuto un enorme sviluppo in differenti campi negli ultimi decenni; 1’antropologia fisica (e
forense) e 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; Ohrstrém 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 ¢ con I’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 possibilita di una ricostruzione tridimensionale dei
reperti anatomici, una migliore visualizzazione delle superfici e 1’opportunita di poter condurre
analisi accurate anche su corpi non scheletrizzati, difficilmente indagabili se non con metodiche
destruenti. Quest’ultima possibilita 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 pud condurre le indagini in maniera
indipendente, essendo legato a un servizio e al personale tecnico “prestato” temporaneamente
all’antropologia, ma la cui funzione originale é prettamente clinico/ospedaliera.

L’antropologia puo 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 facilita d’utilizzo ¢ alla disponibilita di Personal Computer sempre
pit potenti (in termini di Gigabyte delle schede grafiche, di memoria RAM, di disponibilita di
memoria su disco fisso, etc.). Ci si riferisce in particolare alla tecnologia Laser Scanner 3D.

Tale tecnologia si € 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 accennera nel secondo capitolo). 1l
prodotto di una scansione condotta con Laser Scanner &€ una nuvola di punti georeferenziati (dotati
quindi delle tre coordinate spaziali X,y,z) che “formano” il reperto scansionato. Il modello 3D puo
anche essere costituito da una griglia (mesh), la quale non ¢ altro che il prodotto dell’unione dei
punti, che formano quindi una rete di poligoni. La struttura del modello puo dipendere dalla
tipologia di Laser usata o dal software di elaborazione scelto, & possibile comunque passare da una
nuvola di punti a una mesh (e viceversa) mediante un qualunque software di elaborazione 3D.

La scansione pu0 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 Comunita 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 puo 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, 0 materiale termoplastico) a partire direttamente da dati digitali
(in termini pratici vi & la concreta possibilita 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 ripetibilita delle indagini risulta certamente importante in
ambito archeologico (e piu in generale in ogni ambito scientifico) ma é 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 piu 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
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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 potenzialita e ai limiti dell’apporto di tale tecnologie, Si fonda 1’approccio con

cui e stata condotta questa ricerca.

1.3 Scopo della ricerca

Scopo di questa ricerca € quindi quello di indagare le potenzialita e i limiti di nuove tecnologie 3D
da utilizzare per la documentazione, 1’archiviazione e la diagnostica nell’ambito dell’antropologia
fisica e forense.

Verificare inoltre I’effettivo vantaggio dell’informazione che pu0 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 é stata volta in primis a valutare le tecnologie piu promettenti in tema di antropologia
virtuale; si & sperimentato pertanto 1’uso di un Laser Scanner 3D di proprieta del Laboratorio di
Antropologia e Odontologia Forense (LabAnOF) del Dipartimento di Morfologia Umana
dell’Universita di Milano. In base ai risultati ottenuti e agli ambiti di ricerca indagati si e altresi
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 potenzialita documentative e di archiviazione virtuale 3D e stata acquisita
digitalmente la piu ampia varieta di materiale antropologico possibile: da reperti ossei sullo scavo,
ai singoli elementi scheletrici acquisiti in laboratorio, fino a soggetti viventi. Si e cercato inoltre di
studiare le piu efficaci modalita “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 I’elaborazione digitale, ricercando inoltre i formati
digitali piu idonei all’archiviazione dei dati al loro trasferimento su piu 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 1’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.



La documentazione, acquisizione e archiviazione dei dati tridimensionali, ha reso possibile,
tramite 1’utilizzo delle tecnologie 3D, un’indagine relativa alla diagnosi d’eta e alla ricostruzione
facciale, argomenti che rientrano, in antropologia, nella stesura del profilo biologico. L’uso del
modello 3D é stato applicato alla tecnica di sovrapposizione cranio-facciale (che rientra nei metodi
d’identificazione personale).

Si e inoltre affrontato il tema della lesivita scheletrica, verificando la capacita documentativa e
diagnostica delle lesioni antemortem (calli ossei) e della lesivita 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 ¢ la documentazione dei reperti che
si stanno indagando. Fondamentale nell’ambito archeologico, Sia in sede di scavo, per I’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 piu a disposizione dell’operatore una volta concluso lo studio. In ambito
forense, oltre alle motivazioni appena esposte, I’adeguata documentazione ¢ cruciale poiché, se non
condotta sotto il corretto profilo giudiziario, pud non solo inficiare 1’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 quantita di fotografie ad alta risoluzione scaricabili su un
qualungue disco, fisso o removibile, a sua volta sempre piu capiente. Erano solo i primi anni
novanta quando i modelli di fotocamera digitale piu 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 pud acquistare una fotocamera digitale a 3 MP. Un
laboratorio pu0 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 qualita impensabile fino a pochi anni fa.

Le fotografie e il rilievo fotografico in genere hanno tuttavia delle difettosita “intrinseche”:



e Bidimensionalita: 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 profondita di un dettaglio (ad esempio di una lesione).

o Difficolta 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).

e Impossibilita 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 difettosita intrinseche delle immagini 2D rendono ragione della differenza tra visione diretta e
resa fotografica, infatti il nostro occhio e strutturato per la visione tridimensionale e i livelli di
profondita 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 I'analisi o la rimodellazione computerizzata
di superfici geometriche, mediante apposite attrezzature e rielaborazioni, si sviluppa in due fasi: la
prima é denominata fase di acquisizione dei dati; la seconda e la fase di elaborazione degli stessi.

| 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 ¢ 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 P’accuratezza nelle misure condotte sui modelli ottenuti. Fourie (2011) ha testato
I’accuratezza del Laser Scanner Minolta Vivid 900 rispetto a una Tac Cone Beam, scansionando dei

volti e rilevando I’estrema accuratezza (sub millimetrica) di entrambi gli strumenti.
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Il presente studio ha altresi indagato i vantaggi ¢ gli svantaggi dell’utilizzo del Laser Scanner
rispetto alle TAC di nuova generazione (in particolare CBCT e pQCT) nel tentativo di individuare
lo strumento piu 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; I’elaborazione prevede I’importazione del dato 3D all’interno del software,
eventualmente il filtraggio dei dati ridondanti (rumore), 1’editing dei dati, il mashing (1’eventuale
creazione di una rete poligonale dei dati), e infine I’esportazione del dato 3D attraverso la
conversione nel formato che si ritiene pit idoneo.

Nel presente studio si é verificato la capacita 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 é testata la riproducibilita 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 ¢ possibile procedere in diversi
ambiti dell’antropologia fisica e forense, nel corso di questo studio si ¢ 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, ’eta,
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 puo circoscrivere la cerchia dei “sospetti d’identita” nel caso di un
individuo non identificato, oppure avvalorare o smentire 1’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 & stata condotto uno studio circa 1’utilizzo dell’imaging 3D per la diagnosi d’eta a
partire dall’estrazione di volumi dentari (capitolo 8.1): la valutazione dell'eta biologica € 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’eta cronologica a essa correlata sia su cadaveri sia su viventi.
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Ci si e inoltre rivolti al tema della ricostruzione facciale (capitolo 8.2), anch’esso rientrante nella
ricostruzione del profilo biologico. La ricostruzione facciale & I’operazione di riproduzione di un
volto a partire da un cranio. Nel corso di questa ricerca si € valutato 1’utilizzo del Laser Scanner 3D
rispetto alla TAC tradizionale nell’acquisizione di crani sui cui condurre la ricostruzione facciale; si
e 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 ¢ poi rivolti a un particolare e delicato ambito dell’antropologia, quello dell’identificazione
personale. Accertare I’identita 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). E un argomento che inserito nelle ricerche antropologiche riguarda
prevalentemente (ma non esclusivamente) 1’antropologia forense. L’identificazione personale, per
definirsi tale, viene basata sulla cosiddetta “physical evidence”, che si pud ottenere attraverso
indagini genetiche, dattiloscopiche, odontologiche e osteologiche. Vi possono essere casi in cui le
tecniche piu 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 é 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 I'utilizzo di confronti radiografici dei dati ante/post-mortem, €
pertanto necessario poter disporre di documentazione radiografica del soggetto in vita. Oltre alla
difficolta di reperimento del materiale radiografico, I’identificazione osteologica ¢ difficilmente
quantificabile (al contrario di quella dattiloscopica e genetica) e in letteratura vi € 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 qualungue 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 e condotto uno studio (capitolo 4) per
valutare i vantaggi e ’affidabilita della tecnica a partire da un modello 3D ottenuto da un cranio

scansionato con Laser Scanner.
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1.4.2 Lesivita scheletrica

Particolare importanza assume la possibilita di documentare lesioni, anche sub millimetriche,
presenti nel tessuto osseo. Attraverso le tecniche d’acquisizione tridimensionale delle lesioni, la
“documentazione” pud divenire metodo che consente “I’esplorazione” delle stesse, e avere, in altre
parole, valenze diagnostiche. Sono stati condotti studi relativamente alle lesioni perimortem e
antemortem.

»  Lesivita perimortem
Di particolare importanza, in antropologia forense, sono le lesioni perimortem, cioe 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 modalita traumatica si distingue principalmente (si riporta qui solo la lesivita che
interessa la presente ricerca) una lesivita da arma bianca, da arma da fuoco, contusiva e lacero-
contusiva.
Lesivita 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 elasticita 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 pero 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 piu 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 piu 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 lesivita.

» Lesivita 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 e conseguenza di una risposta di tipo proliferativo da parte
dell’osso leso; in seguito avviene il rimodellamento e I’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 0sso neoformato. La
guarigione puo 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 puo
fornire informazioni utili circa I’occupazione e gli stress meccanici a cui I’individuo era sottoposto.
In ambito forense la possibilita di avere piu informazioni circa I’epoca di cagione e lo stadio di
guarigione di una frattura puo supportare le indagini identificative. Se un incremento delle
informazioni utili alla datazione dei calli ossei puo essere ricavato dalle nuove tecnologie digitali

viene indagato e discusso nel capitolo 7.
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Excavation and Study of Skeletal Remains
from a World War | Mass Grave
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This study presents the excavation and multidisciplinary analysis of seven skeletons recovered in a World
Wwar | Mass Grave on the mountains of the Veneto Region, Italy. While it is not a rare phenomencon to these
mountainous areas involved in the First Conflict, it is exceptional, on these mountains, to find a mass grave
with soldiers in primary burials. Stratigraphic excavation wasthe mean used for recovery, along with 20 laser
scanning documentation. Every skeleton but one was found complete and in anatomical connection. Four
soldiers lay in the prone position; two subjects were ving on their side. Identification of the nationality was
performed for two of the subjects, who both of whom had persenal effects such as a badge for military vac-
cinations and religious medals. What remained of their uniforms gave clues about their italian nationality. The
entomolegical analysis conducted en fly puparia discovered close to the bones revealed that the bodies had
not been buried immediately.

The skeletons were biclogically prefiled by sex, age, height and ancestry. An accurate study of patholooy
and stress markers was cartied on, as well as on skeletal trauma in order to establish the type of trauma and
ammunition invalved. The remains belonged atogether to seven [talian male soldiers ages between 18 and
3E. Warious kinds of stress markers revealed occupational (enthesopathies) and metabolic stress: several
signsof cribra cranii and of cribra erbitalia were registered. The study of the injuries revealed a surprising va-
riety of types of lesions, mostly lethal: a few subjects were struck by a shrapnel grenade; one soldier was
killed by a grenade explosion. Two of the soldiers were probably executed, instead: this conclusion reached
on the basis of gunshot holes (9 mm) in their skolls, and by the position of the injuries. Copyright @ 2012 John
Wiley & Sons, Lid.

Kel words: Archaeology of War, Laser Scanner, Mass Grave, Physical Anthropology

Intreduction

to find a mass grave with scldiers in primary burials.
In Europe, a limited number of archaeclogical excava-
excavation and the

The study presents the
multidisciplinary analysis of seven skeletons recovered
in a World War [ Mass Grave on the mountains of
the Venete Region (Site of Seglic Melegnon di
Arsiern, Vicenza, ltaly). Althcugh the finding of skele-
tal remains frem to World YWar [ is net such a rare che-
nomenon on the meountaincous areas which had been
involved in the First Conflict, it is rather exceptional
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tions invelving skeletal remains of fallen soldiers during
the Great ¥War have been conducted in recent vyears
{(lacques, 1297, Desfossés e al., 2003, Fraser, 2005).
In Italy, however, these kinds of archaeclogical excava-
tions were not conducted until 2006 Furthermore,
anthmopological studies regarding skeletal remains of
soldiers fallen during Y] are very rare in the scientific
literature (Jankauskas and Palubeckaite-tdiliauskiens,
2007, lankanskas & al., 2007, Jankauskas et al., 2011].
This study is part of a three year project financed by
the province of Vicenza (200620092 to mprove the
recovery and the analysis of fallen soldiers of World
War [ Before this project, remains were tecovered
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without any scientific methed or protocels and put into
ossuaries, easily mixing different individuals, in abse-
lute anonymity.

The pmject was conducted doring the vyears
2006-200% through the direct recovery of temains
through archaernlogical diggings. More than 40 skele-
tons were recovered, and pathologies and injuries
typical of troopers were found (CGandic et 21, 2009). Re-
garding this case, recovery and anthropological studies
were commissioned by judicial authorities, following
hikers' reports of wisible bones on the ground The
emergence of bones was probably due to the effects
of a clandestine excavation conducted by collector in
search of ohject dating from WL

The site where the mass grave was found is in
Veneto region of Italy. Veneto Mountains became a
site of critical battles during 1216, as the Austro-
Hungarian amy tried to break through the Pianura
Padana (also known as ‘Strafexpedition’). The [talian
ammy fought to restore the 'Sette Conmini' uplands,
and along the Conl Zugna-Pasubic line. The mass
grave is located on the Tonezza Upland: this territory,
hardly contended during May 1918, became the last
bastion to prevent the Impetial Army from conguering
the plains amund the city of Vicenza

Skeletal remains were recovered where an ltalian
battalion of 87 B cannons had been placed. That battal-
ion suffered several attacks by the third comps of the
Anstro-Hungarian troops. While the results of this bat-
tle were not well noted in official records, anthropcolog-
ical and archaeclogical science provided previcusly
unknown information and details of this war episode.

Materials and methods

The remains were retrieved through stratigraphic exca-
vation. Moreover the grave was documented by 3D
scanning, by means of Laser Scanner Photon 20 which
detects all of the points of incidence of the laser beam
in a sphere having a diameter of 40 m, therefcre, the
entire grave was recorded by means of one scan. The
30 Laser Scanner is also equipped with a camera
(Nikon [ 200, fish-eye lens) that performs twelve
o'clodk poses according to a round angle heorizontally,
allowing a ‘mapping’ at 360° of the scenaric. [t is then
possible to apply colour and texture to the cloud of
points of the photographic mapping, obtaining a 3D
colored scan (Figure 1)

Even though skeletal memains were retrieved by
archaeclogical methods they were extremely broken
and fragile, due to the envircnment in which they
were buried

Copyright @ 2013 John Wiley & Sons, Led.
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Bone fragility can be explained by biclogical (ie.
plants, roots, fungi, bacteria and monulds), chemical {i.e.
ground acidity, precipitates, etc) and physical factors
{eround frost/defrost). For this reason, bones were e-
stored assembling skeletal fragments, and total recon-
struction was achieved in some areas {particularly slaalls).

Subsequently, a biclogical profile of every individual
was drawn up, by identifying sex, height and age.

Sex was determined on the basis of morgheological
criteria (momphology of pelvis and cranium, Bass,
1987, Ubelaker, 1992) and metrical criteria {maximum
diameters of the heads of femur, humems and radins,
Ubelaker, 1992), stature by Trotter and Gleser (1377)
and Simmoens’ formulae (Simmons ¢ &), 1320). Age was
determined by the evaluation of union of epiphyses of
long bones (Black and Schener, 2000), morphology of
the pubic symphysis (Brocks and Suchey, 1990, auricu-
lar surface (Lowejoy o al., 1385) and on the teeth, when-
ever possible, by means of Mincer o al. {1993) and
Lamendin o al. {1%92) aging methods.

A stdy of pathologies of the skeletons was conducted
in order to recognize, describe and analyse effects of any
disease and trauma 'registered’ in the bones.

In the present study, the following pathelogies wens
classified: degenerative pathologies (due to occoupa-
tional stress and similar causes); dental pathologies, in-
fections, stress markers due to metabolic problems orto
mutritional deficiencies and antemortem trauma effects.

The analysis of lesions was particularly focused on
the distinction between perimartem and pastmartem lesions,
morecver, the recognition of injuries due to war
Weapors.

To distinguiish peri- and pastmortem lesions, the fol-
lowing criteria were used: analysis of the colour of
the fracture rims, signs of elasticity on the rims them-
selves and memhology of tims (surface, angle, etc))
(Wieberg and Wescott, 2008). Injury mechanism,
strictly connected to the war context, was subdivided
into the following categories: primary blast injury, sec-
ondary blast injury, gunfire injury, resulting from light
artillery (Kimmerle and Barayhar, 2008).

Finally, the grave soil was examined with the aim to
recover any entomelogical element of possible rele-
vance to this imvestigation. This search was performed
with a Leica M&0 sterecmicroscope.

Resuolts

The groal was to recover what was still in situ of the
skeletal remains and the personal effects of the scldiers
and investigate the archaeclogical context of the depe-
sition. The remains were buried near a tabular area

Tt T Osteoarchacol. (2013)
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Figure 1. Graphic readeriog of the mass grave (individuals: 4 = CM 19,B= CM 14, C=CM 18;D = CM 17, E= CM 16, F= CM 20, C = CM 15;10 =50
10: bedrock; 4 = SU 4: layer of clay coil; —5 = SU —5: cut forthe excavation of the pit}. On the left mosaic of ortho-photos of the mass grave at the end of the
excavation. Below, the image is oot a picture but a 3D reproduction of the grave. This figure ic available in colowr onlive at wileyoolinelibrary.comfjournalfoa.

placed at the head of a canyen of karstic origin. The
mede of burial of the bedies was carried out as a result
of an excavation that had impacted even ethno-
archaeclogical stmctures {remains of charceal burning)
located upstream of the pit. The lateral limits of the pit
appeared to be those of the natural gully, while the
downstream boundary was represented by the sudden
increase in the slope of the gully. The coverage of
the bodies was completed after the deposition: the
grave was filled with {from bottom to top) soil, selected
sub-decimetric and centimetric limestone lithoids and
soil with centimetric calcarecus litheids. The passage
of time had allowed the complete grassing of the area,
making the site virtually unidentifiable in relation to
grass-marks.

Thanks to the procedures of stratigraphic excava-
tion, other human remains were exposed, for a total
of five pecple in anatomical and primary deposition,
to which were added the partial remains of another
individual in primary deposition, in addition to the
remains affected by the excavation of the rescuer. A
total of seven individuals were excavated.

Copyright © 2013 John Wiley & Sons, Led.
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Four soldiers lay prone, whereas two subjects were put
down on their sides (Figure 1). Nothing could be said
about the position of the individual excavated by the hiker.

[dentification of the nationality was performed for twe
of the subjects, who still had personal effects consisting
of a badge for military vaccinations {(GM 20 F) and
religious medals (G 17 D, Figure 2). What remained
of their uniforms gave clues about their [talian national-
ity and of the period.

Most of the skeletons were very well preserved in
every portion, except for GM 15 G, which, though
lying in a primary burial, was largely incomplete.

Using the Laser Scanner permitted us to gain a 3D
model geometrically fitting the grave. The resulting
meodel, celoured by means of digital phetes, rendered
it possible to take measurements and sections, and to
conduct virtual explorations of the grave itself.

The seven individuals were between 18 and 35 years
of age. Stature was between 162 and 175 cm.

From a pathological perspective, they present quite a
homogenecus situation. Degenerative and occupational
stress diseases prevail (for example disc herniation).

Int. T Osteoarchaeol. (2013)
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Figure 2. Religious medals of subject Sl 17 D, This figuee is available o colour oolice at wiley oolinelibrary.c o ournalfoa.

The presence of three cases of nsteochondritis dissecans
was ohserved (GM 14, GM 18 Cand CM 13 A) and, a
single subject (G 14 B), exhibited signs of nutriticnal
deficiency, probably anemia (cribra crbitalia). Binlogical
and pathclogical pmfiles of the seven skeletons are
reported in Table 1.

The study of injuries revealed avariety of types of le-
sions: on G 14 B, an entry wound of 12 mom diameter
in the right parietal was found, with bevelling on the
inner bony table. No exit hole was noted, and the pro-
jectile was not found in the grave. The skull base
showed heavily fragmented fractures; thus, the projec-
tile might have come out from the base itself.

CM 17 D (Figure 2) presented several comminuted
fractures on his seventh cervical vertebma, right hu-
mems, right nlna and a ciroular projectile lesion on
the second left rib, as well as pmjectile defects on the
left femur {moughly 12 mm of diameter). The entry hele

Table 1. Biological profile of the seven soldiers

is surronunded by three radial fracture lines, Y shaped,
on the dorsal side of the bone, an exit hole was found
that presented iregular margins. GM 13 A showed
projectile defects in the right scapula (roughly 12 mm
of diameter) that presented smooth surface margins
and three fracture lines that departed from projectile
defects. There are fractures on the fourth and fifth
cervical vertebrae, on two right 1ibs {comminuted
fractures], and cne oblique fracture on the diaghysis
of the right fibula. All fracture surfaces present a home-
geneous colour with the external cortical bone. The
three subjects described (GM 14 A, GM 17 D and
CM 12 A) had probably been struck by a shrapnel gre-
nade. &M 15 G showed many comminuted skeletal
fractites and tranmatic amputations. Comminnted frac-
tures were recovered on several vertebrae and 1ibs, on
the left clavicle, left scapula, left humems, right coxal
bone and bBoth femer, fracture surfaces present a

Subject Sex  Age  Heights (cm)

Patholooies stress markers

G 14 B il 18-232 185171

Cental diseases, nutritional stress markers (cribra orbitalia cribra and cranii},

degenerative diseases (pitting on carpus and metacarpus, |eft clavicular enthesopathy},
osteochondritis dissecans on the joint sudface in femur (posteriorlateral surface of
lateral condyles} and tibia right (articular surface of lateral condyles).

Cegenerative diseases (disc herniation ), obturator foramen osteophyte.
Cental diseases, degenerative diseases (disc herniation).
Cegenerative diseases (right clavicular enthesopathy), ostecchondritis dissecans on

Cegenerative diseases (clavicular enthesopathy, enthesopathy 1eft and right fermur?,
osteochondritis dissecans on the left humerus (articular surfaces of trochlea).

GM1EG M Z3-Z0 185177 Degenerative diseases (disc herniation’.
G 1B E Il 2634 174-180
G 17 0 il 18-23 180-168
Gh. 18 C I 18-23 183-1732
right fernur (patellar surface).
G 13 A& I 2634 TE-160
GM 20 F I 2638 186171

Cental disease, degenerative diseases (right clavicular enthesopathy}

Copyright € 2013 John Wiley & Sons, Led.
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Figure 3. Combinaticn of different tvpes of injury in the same abject
(C7 D oo the lefrblast trauma of & cervical wertebra, oo the right eo-
try perforation [fermur} probably caused by Shrapoel bullet. Thic figure is
wvailable i colour ooline at wilsy oolinelibrary comhf|ournalf oo,
homogenecus colour with external cortical bone. GM
18 C had comminuted fractures and traumatic amputa-
tions of the left tibia and fibula, the fractures presented
smooth surface margins. These two soldiers (CM 15 G,
Ch 18 C) had sustained extreme fragmentation maybe
by a grenade explosion.

CM 16 E showed an entry wound (approximatehy
2 mm diameter] in his tight parietal bone, an exit
weound was present, situated on the squamosal suture,
between the left parietal and left tempomal bones
{Figure 4). The entry wound is clearly ciroular, but
the fracture tim of the hole is not complete; the exit
hole is irregularly shaped, and the wound track has a
right—left direction with downward inclination.

G 20 F had a semiciroular entry wound {roughly
% mrm diameter) on the right supracrbital margin and
an exit hole in the cccipital bone; the wound track
has antern—posterior direction with upward inclination.
Again, projectile defects (of highly imegular shape,
more than 12 mm in diameter) were found on his left
tibia, four fracture lines (two upper and twe lower) de-
parted from the fracture margin.

The analysis of the grave soil allowed the identifica-
tion of fly puparia belonging to two different species.
Four puparia belonging to a species in the family
Phoridae were isolated from the left coxal bone of
Ghl14 B and from foot of GM14 B, Members of the
family Phoridae are known as coffin flies, and they are
able to reach deeply buried cadavers. Mainly active
during the warmer season, they can be found as well
in spring and autumn, and they have been described
to be present on buried remains about one year after
the burial or 4-8 months after death in exposed bodies
{Smith, 1988, Campobasso o 2, 2004). The most
important species of this family able to colonize a body
belong to the genera Aweing, Cowicera,  Diplowewra,
Diavuiphora, Metapina, Triphleba and Megaselia (Smith, 1986).

Fragments of a puparium belonging to Protapharmia
terranavae, a species in the family Calliphoridae, were
present on G 14 B coxal bone The identification of
these insect remains was possible becanse the presence
of the postericr spiracles, typical of the member of
Callipheoridae and the particular shape and dispesition
of the papillae around the posterior region of the pupae
diagnostic of this species (Szpila, 20100 (Figure 5).
Blowflies {Calliphoridae) are among the first insects
that colenize a body after death, and usually they ex-
hibit a limited ability to colonize buried remains (Cunn
and Bird, 2011). Pratapharmia terraewovae, which overwin-
ter mainly as adults is one of the first flies to appear in
spring and has been already reported from archaenlog-
ical cases melated with the W1 in Northern [taly
(Vanin & al, 200%). The larvae of this species have
the tendency to pupate on the cadaver, and they conld

Figure 4. The wound track of a probably guashot (gbout Smm}io subject Chd 16 E This fgure is available io colour oolioe at wileyoolinelibrary com/ournal/oa.

Copyright @ 2013 John Wiley & Sons, Led

20

Int. T Osteoarchaeal. (2013)



Figurs 5. Fragments of the pupaduwn of Protophormia terranovae (Diptera,
Calliphoridae}, collected from cowes Child B, after being deaned i a
wiarrh solution of NaQH. Spiracles with three radial dite are typical of the
Calliphoridae farnily, whersas the particular shape and digposition of the
papilae are a diagoostic character for thic species. This figure i available
in colowe oaline at wilevonlinelibrary cormy| oaro alfoa.

comelete development following burial and emerge
from the seil as adolts (Balme et 2l., 2012) but, to the
author's knowledge, has never been reported from bur
ied bodies: this finding suggests a spring celonization
of an exposed body or partially exposed body with a
later burying.

Discussion

Thanks to the stratigraphic excavation, it was possible
to understand the order in which the bodies were Jaid:
the first body to be put down was individual Ghi 19 A,
partially covered by the individual Gk 18 C. Then,
they set down individual Gl 17 D, partially covered
by the individual Gh 16 E, and then individual GM
14 B, wheose head was covered by the feet of individual
G 20 . Individual GM 15 G largely incomplete and
covering individual G 16 E must have been put down
in the moment right before filling the grave.

One guestion needs to be answered: whe dug the
grave. Either [talian scldiers wheo buried the fallen com-
panions, or Austro-Hungarians, who, once they had
conguered their position, had to dispose of the ene-
mies cotpses. Some useful information can be drawn
by what emerged from the archaeclogical dig: as al-
ready discussed, except for one individual (G 20 F,
subjects lay in primary burial. The only element by
which the question can find a sclution can therefore
be extrapclated from the position of the skeletons: as
can be observed in Figure 1, at least four individuals
were prone during their burial, the others on one side.

Copyright € 2013 John Wiley & Sons, Led.
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It seems evident that the scldiers were put into the
grave with no particular care and with no ceremeny.
That seems to point to a quick bural performed by
Anstro-Hungarian scldiers. An Italian origin of the
grave cannoct however be excluded, of course. In an
emergency situation of danger, they could have been
pushed to bury their comeanicons in a ash. The last hy-
pothesis seems to be less probable, given the care put
in the covering of the grave, invisible for almost a cen-
tury. Regardless, the entomeological analysis teveals
that the bodies have not been buried immediatels.

These subjects showed extremely high evidence of
degenerative pathologies and stress markers on all skel-
etons, i.e. several cases of enthescpathy of the clavicle
at the attachment site of costo-clavicular ligament.
They were probably caused by the carrying of heavy
loads, which usually weigh on the rim-clavicle liga-
ments {Capasso e al., 19%2). Three individuals had ver
tebrae marked by Schmorl nodules, a consequence of
degenerative arthrosis caused by disc herniation
{Ortner and Putschar, 1385). These kinds of lesions
are typical of old pecple or of individuals who suffer
from stress to the spine, e.g. multiple flexions of the -
chis and the camrying of heavy leads (Capasso e al.,
1933). Presumably, these pathologies are connected
to Tepetitive movements of the osthecarticular com-
plex; these types of lesion were particularly frequent
among lower socio-economic classes and pocor pecele,
overall ameng countryside workers {(De Séze and
Byckewaert, 1973). For this reason, it is not surprising
to find a subject {GM 14 B) showing cribra cranii and
cribra orbitalia, an indicator of a chronic anasmic status
{Fornaciari and Ginffra, 2002) which could be
connected to nutritional deficiencies. Also, the high ev-
idence of ostecchondritis dissecans found in three of
the seven individuals is generally caused by micmo
trauma correlated with repeated stress and can be put
in connection with a physically straining lifestyle.

The study of injuries revealed a sumprising variety of
causes of death {Figures 2 and &). [n G 14 B, GM 17
[ and GM 13 A were observed the contemporary pres-
ence of bullet wounds of about 12/12 mm diameter,
and of bones severely damaged by comminuted frac-
tures. Characteristic holes of 12/13 mm diameter were
observed in previcus cases (Gaudio e al., 2002) in
which a shrapnel projectile was found close or inside
the bones and at the same time comminuted fractires
were observed in other parts of the skeleton.

In cases of Gl 14 B, GM 17 Dand G 12 A, it s
conceivable that the injuries described can be attrib-
uted to the effect of shmapnel grenades, which can
canse damage both by the explosion effects and by
the projectiles they contained {12 mm caliber).

Int. T Osteoarchaesl. {2013)
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Figure 6. The study vevealed high variety of types of lesions: on the top to the left, o semicivrular eotey wound (roughly & o diarneter) oo the G 20F deull
Beleow on the left, an ertry hole ofhighly ireegudar chape, mere than 12 mm o disrneter, was found oo G 20 P left ibia. On the right, the fractures sustained
to the chafte onboth Cid 15 G fermore, probably caused by 2 grenade explocion. This gure is available in colour oaline at wilsyoolicelbrary.comfownalion.

One soldier (Gm 15 G) with extremely sericus frac-
tures (Figure &) and largely incomplete skeleton was Iy-
ing below the other remains, the meost trustworthy
hypothesis is that the soldier was heavily dismembered,
likely due to a very near explosion of a grenade during
an artillery bombing. Ancther subject (G 18 C) pre-
sents traumatic amputation of the left tibia and fibula,
which can indicate an amputation cansed by a grenade
{his left foot was completely bent on the relative tibia,
when retrieved). The individual does not show
perimortem lesions, nevertheless, such a heay wound
on his left leg can be considered to be responsible for
his death, because of a consequent hemorrhagic shock.
Obvicusly, many other scenarics can be hypothesized.

Two subjects (G 16 E and Chi 20 F) showed gun-
shot injures {toughly 2 mm) on the skull {Figures 4 and
&): detetmining bullet caliber is problematic; in some
cases, the general caliber of the bullet may be estimated
according to the diameter (Kimmerle and Baraybar,
2008]: defect size is used to eliminate possible ammuni-
tion classes {[4 Maio, 1999), the dimensicn of the hele
in bones may be of that projectile or larger (Dodd,
008). Kimmerle and Baraybar {2008) assert that if
the impact of the projectile coocurs perpendicularly,
the weonund will be circular, reflecting the shape and size
of the bullet. This is the case of skull weounds in sub-
jects G 16 E and &M 20 F. In case of G 16 E,
the fracture rim of the hole is not complete but how-
ever it is possible to observe the cross section of the
hole. In Ghd 20 F, the impact ccours perfectly perpen-
dicularly and the cross section is clear. The diameter is
in both cases about 3 mm.

As both the Austro-Hungarian Ammy and the Italian
were equipped with % mm caliber pistols (medels

Copyright € 2013 John YWiley & Sons, Lid.

generally nsed were the Steyr Medel 1212 to the
Anstro-Hungarian Ammy and Clisenti Beretta Model
1910 or Model 1915 for [talian Army), it is not possi-
ble, in the absence of the bullet, to determine the type
and the nationality of the weapon that caused the in-
jury. Soldier G 20 F revealed several aspects that
were difficult to interpret. Gunshot @ mm caliber
{frontal entry) was not the only injury found: a projectile
lesion on left tibia, very regular and wide, 12 mm at
least. Although speculative, this individual was probably
hit by a shrapnel projectile and later moved and shots
by hand pistnl becanse of the severity of his injuries.
Obviously, it is only one of many possible scenarios
that resulted in the death of this scldier.

As discussed, it was not possible to verify the nation-
ality of the weapons, based sclely on the only diameter
of the holes in the bones. Only the caliber could
roughly be determined; therefore, it could not be
established whether the victims had been shot by ene-
mies or allies. Even though the first hypothesis may
sound most reasonable, there are no elements to
exclude the second cne, from the point of view of an
act of mercy towards injured comrades-in-amms {partic-
ularly in the Ghd 20 F case).

Conclosicns

The study camried out on this rare case of 2 mass grave
from to World Warl allowed the recovery of a piece of
buried history, by means of a multi-disciplinary ap-
proach, it has been possible to reconstmct an unknown
episode of WY, giving a historicgraphic contribution
where official documents are Jacking.

Int. T Ostenarchaeol. (2013)
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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 um, SD < 200 pum).
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.
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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
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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



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
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
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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

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



inside the margins and the internal area of the

auricular surface, i.e. the area delimitated by

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 VI1-910 - Konica Minolta Sensing,
Inc. Osaka-Japan (abbreviated Minolta),
property of the University of Milan (ltaly);
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

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

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



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 Type of Accuracy Type of Range of
scan (*) laser mesh price (€)
scanner
system
FARO Yes ~10 kg No Fast Mobile 0.023 mm Triangle, >50 000
(less than 5) (object (a) unstructur
fixes) ed
MINOLTA Yes ~11 kg Yes, color Fast Fixed PX: 0.22mm Y: Triangle, >50 000
(less than 5) (object +0.16mm Z: structured
moves) +0.10mm
(b)
CUSTOM Yes ~5 kg Yes, grey Very slow Fixed 0.025-0.04 Triangle, <5000
scale (~15 min) (object mm structured
moves) (c)

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)

29




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.
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To enable a comparison with other
studies reported in the literature, we
quantified the surface areas (reported in cm?);
we also calculated the differences of surface
area (expressed in cm? and percent) between
the 3D models of the different instruments. In
additional, we calculated the distance
deviation (reported in um), 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.



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
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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



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
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“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;
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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? 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? (2.4 %) in females and

-0.05 cm? (1.9%) in males.

Surface area (cm’) Area difference (cm’)
N | Custom Faro Minolta Custom- | % Custom- % Faro- %
Faro Minolta Minolta
Auricular 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%
surfaces
Pubic bones 12 2.3910.5 2.44+0.6 2.42+0.5 0.05 | 1.9% 0.03 | 1.1% 0.02 | 0.8%
Females
Pubic bones 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%
Males

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
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two laser scanners. Faro and Minolta
show the lowest “SD distance”, less than 100

um with a mean “average distance” of 1.1 um

(Table 3).




Custom vs Minolta Custom vs Faro Faro vs Minolta
Average SD Average SD Average SD distance
distance distance distance | distance distance
Auricular surfaces 0.7£2.2 66138 3.7¢4 67136 1.1+3.6 46117
Pubic bones -2.3%+14 109+81 -0.7+2.3 70%29 3.9+13.5 7778
Females
Pubic bones -4.4+12.2 81451 2.6x£11.9 79+43 0.41+3.1 3615
Males

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 - um)

The “average distances” are small in
all comparisons, ranging from 0.7 to 3.7 um.
For the pubic bones, the “average distances”
are similar between laser scanners, varying
less than 10 pm (Table 2), while the standard
deviations increase and reach values over 100
um; 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 pum. 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 um; 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 11

advanced and phase 1V early have obscured



areas that are very difficult to scan and result

in large difference between laser scanners,
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most noticeable between the Custom and the

other two instruments (Fig 3).

Figure 2: Auricular surface distance deviation
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-0.325 =
i

CUSTOM VS FARO CUSTOM VS MINOLTA FARO VS MINOLTA

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 scanners: we obtained very low distance

We used 3D models of symphyseal deviation between 3D models and differences
and auricular surfaces generated with three less than 2.5% in the surface area. The
different laser scanner systems to verify the differences between the curvature values, as
repeatability of surface curvature analysis hypothesized in the introduction, depended on
among instruments using the algorithm the measurement uncertainty produced by
described in Villa et al. [6]. Comparing the each instrument, i.e. each laser scanner
final 3D models, we found that the overall introduces a specific amount of random error
anatomical shape of the bone surface could be in the position of the points. The curvature
represented independently from the laser 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

39

the larger distance deviations (for example
phase | 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



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 the

person, evaluating

correspondence according to specific features.
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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,



18, 19, 20] and the “automatic” one if the

computer itself carries out the

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 wused [5 9], although the

availability of several photos is a great limit
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superimposition automatically finding the

best result [21].

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



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 still

subject) are present

precluding a certain identification or

exclusion.

Therefore the aim of this survey is, first of
all, to evaluate the reliability of computer-
aided cranio-facial

non automatic

superimposition technique, using the method

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
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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.

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



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
in the execution of the

landmarks and

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 wi/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
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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



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
in the number of

will explain below)

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
not visible

mismatch (Fig. 3, Table 2):

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
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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



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.
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http://www.langsrud.com/fisher.htm

MORPHOLOGICAL FEATURES LANDMARKS

Length of the skull compatible with facial length v | Ectocanthion R
Width of the skull fills the forehead v | Ectocanthion L
Correspondence of the temporal line NR | Subnasal Point
Eyebrow follows upper edge of orbit v | Nasion
Eye is contained in the orbit v | Glabella
Correspondence of lacrimal groove v | DacryonR
Similar breath of nasal bridge v | DacryonL
Dimensions of nasal aperture within borders of nose v | Frontotemporale R
Anterior nasal spine is superior to the crus v | Frontotemporale L
External auditory meatus is medial to the tragus v | Gonial angle R
Correspondence of oblique line of the mandible v | Gonial angle L
Correspondence of the curve of the mandible x | Gnathion

Zygion R

Zygion L

Alare R

Alare L

Superior Incisal

Table 1. Morphological features and landmarks examined in Fig. 2. “\” indicates the agreements, “x” indicates the

disagreements and “NR” indicates a not observable features.
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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.

MORPHOLOGICAL FEATURES LANDMARKS

Length of the skull compatible with facial length v | Ectocanthion R v
Width of the skull fills the forehead x | Ectocanthion L v
Correspondence of the temporal line v | Subnasal Point v
Eyebrow follows upper edge of orbit v | Nasion v
Eye is contained in the orbit v | Glabella v
Correspondence of lacrimal groove v | DacryonR v
Similar breath of nasal bridge v | Dacryon L v
Dimensions of nasal aperture within borders of nose v | Frontotemporale R v
Anterior nasal spine is superior to the crus v | Frontotemporale L v
External auditory meatus is medial to the tragus x | Gonialangle R NR
Correspondence of oblique line of the mandible x | Gonialangle L X
Correspondence of the curve of the mandible x | Gnathion v

Zygion R X

Zygion L X

Alare R v

Alare L v

Superior Incisal NR

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

disagreements

and “NR” indicates
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the

not

observable

features.



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).
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Fig. 4. Graphics show absolute difference between sensitivity (true positive rate) and specificity (true negative 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
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in 40% of cases (2/5x100) the photo

belonging to its skull was evaluated as a
in

mismatch (false negatives). However

addition to the corrected matches it was

observed a 17,7% (8/45x100) of False



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
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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.



Skulls not dividing depending on sex S"‘“o‘“"g am. P

METHODS RM /5 xFP METHODS RM /4 *®FP
2D-2DCOMEINED 3/5 177 % 202D COMEINED 3/4 166%
2D-3DCOMBINED 3/5 22% 2D3D COMBINED 3/4 25 %
2D-2Dw/out-m COMEINED 3/5 355% 202D wiout-m COMBINED 3/4 458 %
203D w/out-m COMBINED 2/5 177% 2D3D wfout-m COMBINED 2/4 166%
20-2D LANDMARKS 4/5 40% 202D LANDMARKS 4/4 25 %
20-3DLANDNVARKS 5/5 40% 203D LANDMARKS 4/4 333%
20-2Dw/out-m LANDMARKS 4/5 &44% 202D wiout-m LANDMARKS 374 541%
2D-3Dw/out-m LANDMARKS 4/5 434% 203D wiout-m LANDMARKS 3/4 333%
2D-2DMORPHOLOGC 3/5 37,7 % 202D MORPHOLOGC 3/4 458 %
2D-3DMORPHOLOGIC 3/5 43, 4% 203D MORPHOLOGIC 3/4 S41%
2D-2Dw/out-m MORPHOLOGIC 4/5 555% 202D wjout-m MORPHOLOGIC 4/4 B33%
2D-3Dw/out-m MORPHOLOGIC 2/5 456% 203D wfout-m MORPHOLOGIC 2/4 583 %

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 Hy that
the obtained results were due to chance and,
on the contrary, as hypothesis H; 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 Hy because p-value is lower than

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

our results are fortuitous). That technique
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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



technique based only on landmarks (p-value: using only female skulls, resulted 16

0,02) and with 2D-2D combined technique (p- mismatches and 12 matches (of which 4 are
value: 0,03). The first one (2D-3D) obtained 4 real matches and 8 are FP) (Fig. 6); the
correct identifications out of 4 and 33% of FP second one obtained 3 correct identifications
out of 24 real mismatches (so on a total of 28 out of 4 and the 16,67% of FP (Fig. 7).

superimpositions carried out

&3 2 gez Superimpositions dividing skulls de pending on sex
Superimpositions without dividing skulls depending on sex (only fem ale subject)

L RM FN P |RmM | pvelue SRR RP FN|FP RmM | pvelue
2D-3D LANDMARKS 5 0 18| 27 |0,01588 | | 2D3D LANDMARKS 4 0| B8 16 |00R4YT
2D-2DCOMEINED 3 2 8 37 |008325 | | 2D2D COMEBINED 3 1|4 20 |003760
2D-3DCOMBINED 3 2 10| 35 |01mS9| | 2D3DCOMEINED 3 1|6 18 |0084%0
2D-2DLANDMARKS 4 1 1B | 27 |010502| | 202D LANDMARKS 3 1|6 18 |008410
2D-3Dw/out-m LANDMARKS 4 1 20| 25 |0,15045| | 203D w/out-m LANDMARKS 3 118 16 [015311]
2D-3Dw/fout-m COMBINED 2 3 8 37 |0.25810| | 203D w/out-m COMEINED 2 2| 4 20 | 018145
2D-2Dw/fout-m COMEINED 3 2 16| 2o |027488| | 202D w/out-m COMEINED 3 1|6 18 |0299W
20-2Dw/fout-m MORPHOLDGIC 4 i1 25| 20 |028145]| | 202D MORPHOLOGIC 3 1|11 13 |0297%
2D-2DMORPHOLOGIC 3 2 17| 28 |030857| | 203D MORPHOLOGIC 3 1|13 11 |oA1yGe
20-2Dw/fout-m LANDMARKS 4 i 28| 17 |040054| | 202D w/out-m LANDMARKS 3 1|14 10 |0A48156
2D-3DMORPHOLOGIC 3 2 20| 25 |0A4221%| |2D2Dw/out-m MORPHOLOGIC | 4 020 4 |0O518%7
2D-3Dw/fout-m MORPHOLDGIC 2 3 21| 24 |077138| | 203D w/out-m MORPHOLOGIC 2 2|14 10 |0/8O350
REAL VALUE 5 0 O | 45 | Tot.50| | REALVALLE 4 0|0 24 | Tor. 28

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).

2D-3D LANDMARKS 2D-3D LANDMARKS

2D-3D LANDMARKS

BMATCHES (M)

[ MISMATCHES (Mm)
Mm
W REAL MATCHES (RM) (27)

O FALSE POSITIVES (FP)

45 TOTAL REAL MISMATCHES 5TOTAL REAL MATCHES

50 TOTAL SUPERIMPOSITIONS

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.

2D-3D LANDMARKS

W MATCHES (M)
CIMISMATCHES (Mm)
WREAL MATCHES (RM)
CIFALSE POSITIVES (FP)

28 TOTAL SUPERIMPQSITIONS

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.

2D-2D COMBINED

FN
N s

| BMATCHES (M)
i
i O MISMATCHES (Mm)

| MREAL MATCHES (RM)

| O FALSE POSITIVES (FP)
k- FALSE NEGATIVES (FN) |

28 TOTAL SUPERIMPOSITIONS

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 positives

(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
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without mandible is the one that maximize at
the same time sensibility and specificity. If a
threshold of O 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



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),
errors in the

resulting in additional

superimpositions.
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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



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.
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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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o marphology within the bome tasues was vistble, On the
basis of such resultz, a method for differential dingnosia be-
twazen cutmarks by sharp tools with o smele and fao cathing
edges can be proposed. Oa tee ober band, s mercal com-
prsterised anadyvsis of lesions ghlights o clear increase of emor
rupge for measurempends under 3 mme Metice data wken by
difTerent eperitors shaws 3 stromge dispersion % relutive stan-
diard deviatien ). This pilst sdy shows that the vse of CRCT
techradogy can mmprove the mvesngaten of momplbalogieal
stab wounds on capcellaus bone, Conversely metne annbysis
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ol e lesons as well w momplologseal aoabvsis of wourd
dimension urder 3 mm do net seam o be relinbbe,

Keywords Forensic sciences - Forensic anthropology - Cone
biwm 1 - Sharp foree lesions

Tntrpduction

Shurp Torce wourmls, and especuily stab winmals, are omong
the mast comirmen causes of death in vases of homcede [ 1]; 0
recent vears, several siudees have looased on this wopic, wheeh
imvalves both forensic puthelogy and unthropelogy |2, 3] The
coirect interpeetatioi of the moploelogy of lesions on bose
fase may be crucal for recognizang the ool used and recon-
struciimg Uee mannes of events,

The snalysis of the meer mombedogy of 0 lesion on bore
eapecially is nor always sullicient w reconstnect tee tvpe of
waapon, fs stz and shape: analyss of the inner maphology
may be needed, sspecially i cases of knife sub wounds [4],
which canpet be completely amalysed wathon desnading the
samiple o By wsing cass, difficult 1o perfomm on cancellius
b Inpccent vears, research i dagital foensic madsene and
cerenlogy s becn greatly developed [5-8] and ditferent tech-
irelogics bave Bocit appled o sham force wousids [912] L
203, Thati et al. [ 10] verified Micro-CT technology; mthedr
iy, e alhors wested dwe poleatial of @ comjarnizoi bebween
e rmer mopholagy of the lesion and the ip of the weapon
el They angued that on the basis of 1he measured distances
anid od the angle of mpumy w30 volume dataset, 1t wis
possible to determine the size and the shapes of the mjure-
canesing: kol blile from the stabowomds, I 302 Cagan et
ab [11] gogquired through this wechnology ot marks made on
lwman claveeles vy a hatehet, o soraied amd sos-serraied ke
which were gnilysed by three different methodologies (lght
macioseopy, SEM, Micro-CTh ad these were then companed
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with spfluomesenss macostomy. They pad atention to the
aspect of walle and floor of the kad =0 as to concluds on the
naturs of the lagon and dictingn ch hehasssn weapmmenced The
authors aggued that Miorm-CT alews the analysis of compact
bongs and spongioue trabacnlar architschr with 4 vare igh
résolution {in gEnaral, 1someatns voxsl went from 10 to TH po;
hamarmeer, the reeohibion depeande on the type of Wlicmw-CT),
they conduded that thie technaln g ic far from the idzal tool to
anabyss knufe legons, Another Lt of Bhoo-CT technologyr is
that the sarmples mmst be ey emall and the bone may hawes to
underro parhal destmehon {mnes the gartry of the buge-CT 1=
wery small compared to conwenfional CT Sean).

In our shudy we thersfore opted for another kind of tech-
nology: cons beam CT scan {CECT). This technology 1=
mainly uesd in the odomological fzld for ite capability of
obtumng sxsallant résolubon imagas from small and medinm
sized samples of caeified temes. This mdiological techmique
¢an be used in fornacs and soms appheatons hawe amady
besn tested [13, I4]. The aim of the pesant stody was to
reprmdnes diggtal A0 modsls of charp forse wounde on bons
tissus by the apphicabon of CBCT. This study aime at applyang
ewch a #chnolo gy to sharp e wounds oo bone ieme and at
werifying the ralishility of chaps and matnesl reconstnetion,
by weng different sofbwars and with differant obserers. The
expaimantal projact was perfomed on two samplec in order
toobtain g 3D repressmtation of the laaons, as well as mfor-
mation concérmng the typs of weapon, bevond the comen-
tional modss of analyeic. Thras dfferant coftware wers need,
both for vimalization of the OT stan, and for Bvems ayg-
nesnng in ordar to tact thair relighlity in the stedy of charp
fores wounds.

Dlaterials and methods

The study was performed o frech cmesllons and corbeal
bone; boving wertebras wers chosan aca mods] for cmesllme
bone. The smnal procses was rémoved by 4 saw, and the
vertebral body was <t in bwo halwes. The legons wers then
produced on the inner gda of the wartsbral body, The chozen
wapons for the sspeoment wers 2 ks wath two cothng

Table I Detank of leswmns rwade an cameell gus and sorbeal bone

#dipas and 4 kmfs with only ons cuthng adgs On the borans
wertsbra mx legons wer mads, thes nang 4 singls authing
edps kmfs, and thres with 4 doubls atting sdgs knifs.

A human vlnar diaphyas was chossn as 4 modsl for
corbical bons. Ten stab woundes wer made, He with the
angls mttng sdgs kmfs, and five with the dovbls cuthng
edpe kmfe. The expenmental project wae performed acomd-
ingly to the local athical committss remlatione,

The detuls of the legons ar shown in Table 1.

The two bome samples wer: then acqnired by CBCT scan
{Meatom 545, which prowadas 4 high résoluton thanks to the
emall iestropic woxde: for the cancellone and cortical bons,
- and MM{l-pm clices, mepectively, ware aoquired The
DECOM filas wers then impordsd into 4 sofbwars commonly
uced for the vimalizmtion of T seane {Imsealme 347, whers
the DLCOM format was then conveertad into STL fila, and then
imported indo the sofbwars Geomagic 12 {ioal vemon) ad
Fapidfomm.

The morphology of sach lesion was then analysed nang
DLCOM files by In'vagaline 24 softwars and by mwerse
engingsnng softwars, In datall, Geomagie 12 was abls to
obtain 4 séction of 2ach sample {Om =tack]), which dlows
the operator to werfy the lédon momphology in different
PeTspatias.

In ordar to gmplify the deccnption of the aapanmental
pocadurs, the authors did not vse the anatormical axes for
the analveic of sactione, but choss ac 4 refrence the lecsione
themeehas, which wers divided in differant planes ac da-
mrbed in Fig 1.

The morphology of #ach legon wae analyssd according
to thres transwerss planes, callad upper tRnswerss sechon,
medial tranewvems sechon, lower anoverss sschion.

The procedurs dehinsatad two-dimansiona onthnes of 4
these-dimensional object whers that objsct intersscts 4 plans
and ctoras the putlings) in “cuneed™ olects, and therfors
allowes the opsrtors to compars the morphologne of sach
lesion at different depthe within the bons teme Fig 2e4d).
The wertebral body undsrasnt 4 M° rotabon in ordsr to
simplify the analyss {the povsdirs is shown in Fig. 2).

Cmly the six laopne on cancellons bone wer maicared
by three different softears programmes with the avalable

Stabbag wermds
Bane Single cutting edgee Drerulle cuttinge edpee Pasten Tore ef Tt M. of lesaans
Werk b [ “Werke bral Tendy D] s 3
3 “Werke bral tedy D] e 3
Uiz i Anterior swfaoe of diaphyas Cartical k]
3 Antenar swface of diaphyas Cartical ki
fﬂ Springer
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Fig, 1 The vervhral by
divaded mio sapttal wxd
Iensversal planes

measunng tools, For the lesions made by the single cutting
edge weapons, which appeared as Visosceles tangles™. the
maaxinuny length, the breadih and the depth were measured
{Fig. 3). The same measurements were twken on the lesions
made by the double cutting edge konfe.

In erder to evaluate the potentiol of the chosen measunng
wols, twe different operators, a forensic anthropologist,
with experience in the use of reverse engineenng software
applicd o osteological studics and o forensic pathologist,
performed 54 measurements on the six kmite stab wounds
made on the cancellous bone in order w estimate inter-
observer ermor; i addstion, one operttor (the anthropologst
with experience in using the software) performed o new
measuremment 15 days aller the st one 1 order 0 evaluate

the mira-ohserver ermor For what concems the ten stab
wounds on the cortical bone of the ulna, metrical assess-
ment was imposstble, since all the lesions were very
superticial, because of the greater thickness and resis-
tance of cortical bone which prevented the weapon from
penctrating deep mside the bone structure. Theretore,
because of their small size, the lesions did not show
clear et margims this made metnical pssessment by
reverse engineering and DICOM viewer software impos-
sible (Figs, 4 and 5)

The DICOM files were then cenverted into STL. and the
same lesions were analysed agn In Fig. 6 three stah
lesions made by o single cutting edge knife are shown in a
transverse sechion whieh was created in onder o observe the

Flg. 2 On the &), sop the venelwal hodv m rodation; on the right 1op
soction of a verebr which has been rotaced at %07 by wal Trim Stk
with sectam of lesions, bedow. oo the et detals of theee sham tosce

waunds on cancellous hooe: helow on the wighe the depeh and moe-
pholagy of the kexion are highlighted by the curved object

4’.] ._\'ptmpv
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Fig. 3 Nexmweanat of the
length, breadth and depth of 3
lesion made by 3 smgle cuthing
edge Jaufe by severse
engnesing saftsae

samples at different depths. The ¢cunved objects wer then
extracted in order to venfy the specific morphology.

In ordér to venfy the feadbility of a differential diagnaosis
of ledons made by single and double cuthng edge knives,
three transvérss sectons were créated and the speaific mor-
phology of ¢ach lesion from both the chosen weapons was
analysed on ¢cancellous bone.

The same procedure was then repeated for the lesions by
the two ¢chosén weapons madse on the cortical bone of the
human ulna.

-

Fig. d a Detmls of 3 portian of the cortical bone of the wia wath one
stab wound mdicated by the szd dwowng; itis possitle tr abserve howw
the Jesion s shallow znd difbeult to detect. b Tramswerse section of the
lesiom, always indscated by the red avrow, split by an moagmarny plane
cuttmg it m half. ¢ The secton through the lesion (= o) shows
the seaee definition of detanl

ﬂ Springer

In Table 2, the 54 measuréments performed on the six
legons made on the cancellous bone are reported; the same
measurements wers impossible to take on cortical bone and
therefore could not be used for metmical analysis.

In order to #valuate the disperaon of the measurements,
the mean and standard déwviation {gxpréssed in méan per-
certage, Y%ESD) were evaluated (Fig 7); we analysed the

Fig. 5 The ongmal stab wounds in cancellous bone of the bovine
vertebra (feffy and an the cartical bone of hwran wia (righf); belows,
crass section of caneellous (Jefy amd cortical {wighf lesions both
amalysed by CBCT: the lesion in the cortieal bone is 1ess wisible, and
the edges me not defmed because of the amaller donensimns of the
wound
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Fig & Sectionof ksions wade by the angle cuttme edpe Joute {emeellous b’ a o phology of upgrer temswerse section b medial tramswersal
sectian; ¢ laver tramswersal sectian; A sarphalaey mothe thoee tansveasal sections

dispersion of the meammements by three diffsrent cofbwar
{Fig. £). The came swaluation was mads in order to wenfy

Table 2 Dwetds of the thoee abwserabons: o by It Ohsenver
(Intra Dhsarver te &, ad afler 15 e Intm Sbaonver Tiine 15 days)
and ane by Inter obserwer 2 (Intey Ot perforroed on the s sharp

the dispamion of the maamraments m the thres dimsneims
among different opamtors (Fig 9.

fagce kesions (Faean L1 ta LAY wath foee diffesent saftesne (91:
In%esalivus 3.0 52 Geamage 12 timl version; 83 Bapdform

Size (i vs. lesian i Pengthd ¥ (hreadthy 2 (depthy

Wethord of amalyss 3 seftsare w3 observatens 51

5 2] 51 5 fac] 2| 5 2o

L1 Tt s Torwe & ENE
Tt s Toewe 15 days 243
Tvber s, 245
L2 Intra ks, Tooe & 345
Tntra s, Tooe 15 days 3
Inter s, 353
L Tt s, Toowe & 4
Tt s Toewe 15 days 420
Trber s, 424
L4 Intra ks, Tooe & 455
Intra s, Tooe 15 days 445
by ks, 470
L Tt s, Toowe & k]
Tt s Toewe 15 days ENI
Trber s, am
L4 Intra s, Tooe & 33
Intra s, Tooe 15 days 341
Trober ks, Rk

441 N 157 127 140 R a2 252
421 144 127 145 127 148 2ak P
335 248 GAag 105 RG] P 112 105
300 358 144 Gag 141 Rt 303 210G
i im oA Gas 13 LG4 294 A
350G 354 AT GA4 Gas 247 141 G
442 411 149 P 11 S S04 474
RS bR 124 31 143 444 447 415
352 445 147 213 358G 534 244 ]
525 ks 115 174 134 348 443 i
55 515 1467 145 1448 347 392 RG]
514 R 132 143 331 348 143 314
342 344 123 127 124 275 243 244
344 417 o 140 133 144 248 242
454 R 104 140G 154 248 147 130G
324 335 122 114 114 244 29 241
R 343 108 144 134 233 233 243
A 144 1 154 G 241 2484 122
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Fig T Daspersiom of the
soeEs urernents an e thies
dimersians; i Fawes the
prerentape of relative s tamdad
dendztin; mtmas the
steEsurarent moaor: leneth

shewis 3 Brroted dgeersiem URSD

aved 3 arun
@ X -length
Y- breadth
& Z - depth
Resulis

CEBCT acguettion saaly demomstrted the lasions on the
cancasllons bons and 4l the imagss providad weam at lugh
recontion; thie almwed ve to analyes in depth from 2 mor-
pholopgcal and metncal point of wiew the lecione in the
cangsllons bons. The conversion of DICOR filss in STL
files with revems angnsenng sofbaare allowed us to obtain
an extremely realiche 3D modsl; m this way, the modsls
could be analyeed by defiming an infimte mumber of saction
plangés: such 4 procedurs can be performed only by usng 2T
imags reprecentaion techmigues, if one dme at préstodang
the zampls integEn ty.

Eeegnlte obtained by metrical analysie, dividad into
length, breadth and depth, are thown in Table 2. The 54
measursments aré comparsd according to the typs of

Fig. & Daspersion of the
soas urarvents i the thres
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an

n

Gl
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20
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rmaasure | |

parameter, the obeerver and the type of softwars. The mean
intm-ohesrer smor was, condderng all the meamrements,
017 mm {5.8 % of the meamrament, ST 0.13]; the maan
mntar-ohssnear srror was 16 mm {205 % of the msamre-
mert, 5D 0.6 mm).

For what conezme the legone made by the knife with a
angls quiting sdgs, the mean meamred length waned betwsen
33 and 5.3 mm, the mean breadth betwsen .7 and 33 mm,
the madn depth batecsan T 2 and 4 mm; for what soncame the
legione mads by the kmfe with taro ating sdges, the mean
meaered length waried betwesn 29 and 5.0 mm, the mean
breadth batesen 0.8 and 2.5 mm, the mean depth betarean 0.7
and 53 mm. Differences between sofbaars wers considered ac
well: the mean length meamred in InVecalime 3.4 wac
38 mm {3D {.5 mn), the mean breadth wae 1.2 mm {50
0.1 mum), the mean depth was 3.7 mm {50 .8 mm).

Dispersion of the measurements in the three softwares

A x

.. o

saftware (81 InSesalious 34, L
82 Geamape 12; 53: “tR5D 0
Foapidfora. In Fauds the
preroentame of relative Stamdaad [
deviatiemy; mitmas the
Toes urereent maror: the [y 20
haghest dispersion values ame
shrssan o srvean by Bags dfonmn =g 40
222 3
20
i0
o
0
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Bispersion ofthe measurements among obiereis

8 @
70 4 A
LTTE s
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&
20 — .l‘& &
Yy a e
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§ A sy o0 g G, ! |

[+ ] 1 F3 3 4 ] ]

g frm)

[ o X Length, Intra Obs. Time 0
#X Length, Intra Obs. Time 1§ days
B X Length, Inter Dos

Fig. % Dapersion of the mmemsuramnent o alsorsers Joeeen: It
Observer tie O el Intra Obserwer Time 19 days; Bloe: Dnber Ob-
serier). In Basas the percantaps of relative standand devistion, an -

For Geomagie 12 {nal wwraon), the msan langth mea-
sured wae 4.4 mm {50 0.6 mm), the mean braadth wae
1.5 mm {50 {.4 mmi), and the mesn depth was 2.9 mm
{5D 0.8 mum).

For Rapidform, the mean langth messured was 4.1 mom
{5D 0.7 mm), the mean breadth wae 1.7 mm {5D 0.6 mm),
and the mean depth wae 2.6 mm {3D 0.5 mm). The degres
of dispersion of ¢ach parameter ic shown in Figs. 7 and 8.

As concerns the real s=e of the Hp of the panstrating
tools, the braadth of the two weipme was measured at the
mid-depth of the legone shearved in bonse. Tha braadth of
the tip of the knife with 4 sngles qiting edge at 2.9 mm from
the tip was 1.6 mm, whersas the same parameter in the kmg:
with two cuthng edgse at 4 distancs of 3.3 mm from the ip
was [ 3 mm. According to the svaluated paramsters of the
two weapone, the most wlighle sofbaars was Infesalione
3.0 for the legone prodused by the knife with two mutting
edges {where it shows alep the least dispérdon of meamre-
mente], and Famdform for the lasims producad by the km
with mne only cuting sdge {althmigh with the higheet die-
persion of data among the theee softaars).

Inetzad, the wisbility of the stab marke on the cortical
bone, a5 pravimely antcipated, was low and oot sofficiant
for metrical aesssemert.

Diseussion
Tha first razulte ofthic mlot endy show the potential of CECT

technology in reécording charp forse lecione, partienlady stab
wounds, in bone. The diggtal slabomtions highlightsd 4 high

& ¥ Breadth, Intra Obs. Time 0
& ¥ Breadth, Inra Obs. Time 15 days
4 Y Breadth, Inter Obs

& ! Depth, Iakra Obs. Time 0
# I Depth, Intra Obs. Time 14 days
@ I Depth, Imber Obs,

=t the measurarent moaron: over 3 sron shogst 3l the weaswements
sl 3 lovaied dispergon mo bodh ol evers

qualty which allows the opsrator to sxdrct sschons, cures
and linggr megouremente,

This technolopgy séeme to be pomising in the dooumsn-
tation of kmfe stab wounde, and in detal in caces whers the
tradihonal cachng techmigues are mors problemate, for
exampls on cancallone bons. The legone ars n fact saeily
roognizabl: and ther sxplomtionic possible by the DICOH
filés wigwer soffware.

If the modsl ic imported into 4an inverse snpinessnng
sofbwars in the ademuate format {in thie cass, STL fla),
the morpholojyr of the leeion an be analyesd in different
traneversal planes; thie makee it possible to differenbate
lesipne made by single and doubl: cutting edge knives,
mnge thear chametenches szem to ba clearly different: mn
lsmons mads by the angls mthng sdgs knifs the transwres
planes descmibe 4 trapezmidal shape in the wpper sechon,
which thén changss into 4 pyramidal shape with a decmas-
ing depth In lésions mads by a double cuthing sdgs knifs,
the morpholo gy was homogensous, and the sschons
obtained by traneverzal planee hawe the chape of izoecalac
triangles. Thersfors the morpholoped desscement oflesione
may b useful for the moogmtion of the weed weapon The
same 15 not valid for the lasione on cortical bonss, whers
theny ame lase wimbls and cin ba measured only wath great
difficmlty. Alep the differerfial dagnoseic laee pliable, and
in fact a clear differénce in morphology between the tao
types of ledons was not obeéreed in any transvwers: secton.
This ¢an b clearly ssenin Fig. 4, whers the tross sechon of
the lesom chowe an indefinite chape.

Dnfferemtly, Martenc ot al. [15] obeeneed a higher sigmifs-
oA in the detection of 4 bone lesion in e cotico-trabecular
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argd in the mandibls than in tebecular bons. Cne problam
could be the minimal threshold leve], inadequate for the shdar
on lmng bones;, howeser, firther stdiss would be helpiml in
spporting this conchision Cm the other hand, in the ittmtne
fewr arheles concam the vee of CBCT in these condihons and
acqustion protocole ars not deecribed. Peobabily 4 mmstormized
resoltion protocol must be chosen sccordm to the aoomacy
needed ; howewer thes & results nesd to be confimmed e forther
analysie mn a larger sample.

Ths hrmitsd mmmbsar of maamraments pevants us from
drawang amy statisteal conelueion, it the preiminary: rmlte
highlight interesting mpgrestone for what conserns the dicper-
sion of meacurments for the three dimengons, the three
softwars and the emor among opértos; mthe fommer cass,
the came masmmments show a igh smor @ngs, whch may
ba camesd by the scarce pred oon of the applisd pocsdures by
the diffsrent obeaeie. However, the higher the meamrment
the lese the smor mngs indetail, abmes 2 mm the pragon of
#ach measurament conadambly incrsases {Fig 7).

For what concemes the measurements by the three chosen
Epftwars, although the scams precison of the meamnng pro-
edurs 15 sonfirmed, the prliminary resil € show that Infea-
lious softwars ic affected by 4 lowsr dispeamion of data,
probably becanss it allew s the opsrator to chooss the correct
refirende pointe with laze diffenlty {in fact, 4 high dieperson
of meamirements in all the thrss cheamations was wofied).
Thizs msult sseme to suggast that DICOA filas are mors
adequate for matncal anabesss, althmph forther shodies baced
on 4 langper sammle are nesded in order to confirm thie somelon-
tion In addiion, Imesalione {which works with DECChI
fileg) was the most precise: among the thes softwar: in mea-
suming the braadth of lasime produced by the kmifs with twao
wuthng edpse, whersis Fapidfomm {which, mn thie sody, in-
stzadworke with STL flae) wac the most precie: in meanmng
lsgone produced by the knifs with ons only cuting sdg
{thass svaluations wer padormed nsng as refarencs the
breadth of the tip of knives used for the sxpaniment].

Furthermars, the high dieperaon of the intr and intermb-
ESTVET SITOTE On medsnrements obtaned {3 relatiwe standard
desdation] {Fig. ) raises doubts about the reliability of meas-
urements seen with thic software. Indetail, the highest prec-
s of médsmrements shown by the forénas anthropologist in
comparieon with the cacond ohesner mygpeete that the sape-
nencs in A0 imags slaboration softwars somehow ie impor-
tant in defning the sdge of each lecion and therfors brings
about greater acturacy and prédsion. This informahion thers-
for: pointe oot the rols of adsquats tAining in réserss ngi-
naenng technologes for adequate matncal aecss ememnt.

Somé considerations concéming the inapplicability of
such meanmng techniques on the corbical lasions chould
be mads. For what conseme the ten stab wounds on the
cortieal bons of the ulna, ac previonely mentonad, metrical
asszeement could not be performed Snce the legone wer
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wery supsrhaial dus to the grester thicknese of the bons
which prvented the weapon from frther panstrating into
the bons structure. The stab wounde on cortical bons in fct
sem to be in mean only I mom deep, whersas the sams
lamons mn the vertsbral body show 4 dapth of up to 4 mm
{Tablz I). The depth of the lagone in the ulna therefors ic
only slightly preater than the reeplution of CBCT technolo-
g applisd in the pressnt arbels 0.3 mm srea). Thes leson
can therfors be mughly “sean™ it oot aconrataly mea-
suréd In addibon, the vimalizston of thess lasime by 2D
imags softwars and DOCOM saewers are affected by a
wariabls resplution which dépende upon the type of imapes,
software, mods of analysic 4l fctox whose mflusnce
carmot be eadly pinpointed and defined In this case, the
applization of 3D sofbacars was not abla to datact the lasims
in ulnar cortical bone with snongh réeolution. A= 4 cones-
quéncs the sntire analyss was not able to detect the sdgs
and shape of legions probably becanse of the metncal and
graphic hmmits which trnedata into an insufhoent resolution.
In tha caes of the wertebral body, the preater penetration of
the weapon produced a lseim with greater length and
breadth and thus the lagon was more clearly detectable.

All thess considsrations sugpest that the application of
{TCE to bons lésine 15 not an automabs procadurs, bt
EqUEs 4 preciss salnation of advantagee which mayr degwe
from such an appreach; in addiion, sapénsncs in 30 imags
elaboration i neaded in ordar to obtan the best remilte. Purther
studiss aré nasded in order o wenfy the apphcabilty of soch
technology to stab wound anabrae. At the moment, the pradim-
inary remilte récommend preat cantion in the choice of the
sofbware for the metdcal malysis and in sxtmpolatng matbeal
and momphological data in gaenl from mmall osssous stab
wnrde.

Conelosion

In conelucion, the first ramlte of thic pilot etudy werified the
potential of the production of knife stab wmnde by CECT
technology, which is wery pood in case of cancéllous bons.
Ths availabls measuring tools of 4n imerss snginssrng
sofbwars {Geomage 12 4l vamim) dlowsd the anthom
to werify the exat morpholopy of the lecime within the
bone tisene, and to aesses 3 method for diferential dagnose
between sngle and double: muting sdpe weapome. All this
with a technology that doss not requirs raduweton of the
eampls and which ie relativaly cheaper than microCT.

The momphologeal analysce, howseer, e mors reliabls than
the metneal assezement, which was perfomed by diffrent
obserers and by three differnt softwars, in eveny cace with
hgh parcentnil standard desaations for measremants belmar
3 . Om the basis afthic praliminany shody, metric data taben
through the ues of A0 eoftaars from different operators hae a
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stromg disperson The results obtainsd by means of thess
methodolo piss muct therafore be teatad with grag cmtion.

Adhmrelediients  The authars thand Do Misela Suwercom, Humem
SFenetic Unat, 5Eartds Sl Haspat] of Vieaea
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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
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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
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 pm) 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

forensic anthropological approaches (10).
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
79



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,

Germany). This translation rotation scanner

Pforzheim,

works with a specially developed X-ray tube
with a 50-Im 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
pm and at in-plane pixel size of 100 x 100
pm. 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
80



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

acquired by the pQCT
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Abstract In the forensic and anthropologcal fields, the
assessment of the age of a2 bone callus can be crucid fora
corract analyeis of inunes in the skeleton. To o knoed -
edge, the studies which have focused on this topic are
mainly clinical and =tll leave much to be desired for foren-
slc preposes, pariculaly in looking for better methods for
aging calluses in view of crirmnalistic applications. This
study airns at evaluating the ad cone-beamn OT can give In
the investigation of the inner stucture of fachres and
calluses, thue acquinng a better knowledge of the process
of bone ranodeling. A total of 13 fachures (three without
callus formation and ten with visible callus) of known age
from cadavers were subjected to radiological invest gations
with digital radiography (DE) (corventional madiography’
and cone-bearn CT with the major aim of investigating the
differences between DR and tormographic images when
studying the inmer and outer stuchwes of bone healing.
Results showed how with cone-bearn COT the struchre of
the callus is clearly wisible with higher spedficity and def-
iniion and much more information on mineralizaton o
different zectione and planes. These resulte could lay the
foundation for new perspechives on bone callus esaluation
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and aging with cone-bearn CT, a user-fhendly and skillfil
technique which in some nstances can also be used exten-
gively on the living (e.p., in cases of child abuse) with
reduced exposibon to radiation.

Keywords Forensic soence - Forensic pathology - Forensic
anthropology - Fracture repair - Bone callue - Frachure
healing - CBCT

Imtroduction

The araly=is of skelaal tauma is a cracial task in forensic
anthropology. The age of a bone fachre which ocowrred
during life is usually reflected in an active or well-
established callus. Meedless to say, the apge of a callus is
crucial both for identification purposes as well as for recon-
shructing the history of violent trawma suffered by a victim.
Ar concems iderfification, it 1= for example of extreme
importance to assess whether a bone calue of @ tmidenti-
fied decedent ie 2 or 10 years old: thic in fact may be cruaal
in searching among hospitals for possible wictoms of aca-
dents who correspond to a specific biological profile. Aging
calluses 1= also auecial when assessing if the person was
tortred or beaten weelks or morths before death, for excam-
ple during irapriscrenent.

This however may not be a simple task, especially when
dedling with dry bone. Bost research in the area of the
trning of bone reparation and of callus formation has fo-
cused on clinical studies (mosthy in the orthopedic feld),
bath with classic radiological tecknigques and digital radiog-
maphy [1 3], az well as with more advarced technologies
like computed tarnograply or magnetic resonance imaging
[4 10]. Radiclogical investigations of fachers heding are
routinely used aleo inthe forensic field for the ascessment of
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child abuse [11 15] and mare gpenerally for aging fractures
and calluses. The same issues have been mvestipated with
sporadic histological and biochermical studies on lienans
and anirnals [16, 17]. The in vivo follow-wp of the mechan-
ical stability of factwe repar and mineralizaion due to
production of trabecular bone within the facthee gap is a
necessary tool for an objective evaluation of the cowrse of a
successiul healing. But once a catain stage of healing has
been achieved, not many fuether observations exst.

Up to six sfages of bone healing have been descnbed m
radiology [18, 19]. This stamng, based mostly on the fea-
tures of the fracthue line, frachuoe gap, and inner shuchre of
the newborm callue, has several mitations: Arefly, the entire
process is basically evaluated with a combination of subjec-
tive assessrnents. This is performned by a visual and subjec-
tive evaluation of mdiographe, wsing cnteria such as the
presence of hridgng or cheowation of the Factwre line
(Mucent, sclerotic, or invisible), fachre margin (that can be
gharp, blurred, or irwisible), wisible bridgmg activity (start-
ing, partia, or complete), and the deposition of new tissue
inside the cdlue ad ite mineralization. It is cdear that a
grading of the fachre repair and callue fom an objective
and quantitative point of view can hardly be performed with
current radiological approaches. Moreower, from an osteo-
logical point of view, it ie dfficult to pinpoint where and at
what different stagee differert parte of a callue are. Some
anthropological studies have marginally investigated the
maorphological appearance of bone retnodeling in the ckele-
tor [20, 21] with a rough evaluation of feahues ke osteo-
blastic/osteodastic activity and line of demarcation to the
swrrownding bone Some other studies have concaned mac-
roscopic andysis in cases of child abuse [ 12, 22). However,
the peeral bluriness of radiclogical images in wvivo does
not allow us to evaluate the parficular evoluion of the
calcified tissues durng healing.

The present study therefore wishes to investigate if the
use of more sensiive and specfic radiological tools can help
us gain knowledge in this fidd and lead the way towards a
mare accurate analysis of the degree of fachre healing,
which iz a necessary pravequisite for aging trawna. In par-
ticular, we wish to explore the potential of cone-bearn CT
technology with a pilot study in the analysis of calluses’-
fractres of known age, aitned at visnalizing di flerent level s
of bone callus mineralization.

Materials and methaods

Bone calluses

Thirteen bone fracthwes (with or without evident formation
of bone callue) of known age were taken according to Police
Mortnary Fegnlation from eight individuads upon antopes

& Springer

(Table 1}. SBamples were taken dunng autopsies and the flash
was mecharically removed. In fhoee cases (cases 1, 2, and
3}, caluses were too young for mineralization to be present,
whereas in the other ten sarmnples, the presence of the calus
was clearly visible: the more regular and smooth, the older
the lesian. Each lesion was subjected to radiological irvees-
tipation with digtal radiograply (DR} and cone-beam T
[CBECT), in arder to evaluate any difference in DR and CT
irnages and any addifional miormanon this new technologsy
can provide in the analysis of bone fachres. The evaluabon
ofthe bone healing depree by DR was based on the desaip-
tion and malines of the following six stages [185, 19]:stage 1
ig designated as “frachue evert™ and the radiographic char-
acteristic is the absence of visible bone healing; stage 2 is
defined as “gramilatiorn” with signs of initial visible healing
such as the widering of the frachwe gap due to resaption,
bhuring of the fragmert edges, and appearance of faintly
mingdized buds of callus (Feloudy,” “fluffy,” a “mmmatre
callus™); stage 3 i1z the “matre callus™ that appears madi-
opaque and iz indicated bee new bone growth of simnilar
density as normal bone and the cdear demarcation of the
fracture line 1= =till clearly delineated; sfage 4 shows partial
bridging and represents the moment when the callus is
connected across the fracture gap in some pointe; and stage
5 classifles the facture as clinical union becavse the mahre
callus has nearly tridged the frachwe conpletely and the
fracture line retnaine faint and charactesized by almost
“gornplete bridgmg™ and almost “complete obscwration.™
Btage 6 represents the complete bridging and complete
eradication of a frachure line that 1= no lamger visible on
the X-1ay.

DE imvestigation

Digital radiopraphe were perfonned in an anteroposteior
projection. DEs were perfarmed with a fiple-phase X-ray
tube with fixed plant and rotating anode (power 72 KV,
irherent flbaton 3.5 mm of Al with a double localhzed
gpat (1.2% 1.2 and 2= 3y and a distance of 100 cm from
fire ta film. The tool has 2 CR. Agfa Compact® systern, put
together with the same radiological tube

Cone-beam CT

Barples were subjected to radiological investigation
with cone-bearn CT, using the MNewtom 3G Cone
Bearn CT QE Swstern (Verona, Italy) with high resolu-
tion, thanke to the small isotropic wvoxels. The mediun
titne of reconstucton of the image is 45 & The acqu-
gittor of the images is reached with a rotation of 3607
around the samples.

DE and cone-bearn images were then evaluated m blind
by an expert in the feld of radiclogy, and every callus was
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Table 1 Dafferentiation in stages with DE and forther detectable faatnres with cone-beam OT

Mumiber Site of

frachmre

Przeres Age of the OR
of callez  frachre

stage

Additional information with core-bearn CT

a3

b

=

=4

fa

&b

fe

Distal mdins
Eib
Crmardal vault

Suprapinous
frossa of the
scapula

Rib

Rib

Rib

Rib

Rib

Rib

Rib

Stemotorny

Mo
Mo
Mo

Fermuml head and acetadbulumn Yes

& days
14 days
1% days

241 days

28 days

28 days

26 days

28 days

2 years

2 years

2 pears

2 years

14 pzars

1
1
1

Mo additional mfomnation if cornpared with DR

Mo additional mfomation if cornpared with DR

'Fractire moors sasily detectable

Fractiure cowrse cleardy detesctable in the cortical ard spengy bore

iDetection of fracturs line {with DEF, it is alnpost undetactable)

WOuter outlie of the callus £bhurred” in DE images)

sInrer structure of the callus {“blurre=d” in OF itnages)

Detection of the itmer line of frcre {“bhored™ and meormplete in OF images)

Evaluation of the outer outline of the callus: contitnous oo one side and
pachy on the other {not assessable with OR)

Different deposition of miremlired tissue inside the callus {with OF, no
differences in the gray scale are detectable)

1Detection of the course of the ffactire lite {not assessable in 20 images with OF)

simer outlite of the callus £ "bhrred® in DR images)

'O anization and disposition of different layers inside the callus {not assessable
with DR

Different deposition of miremlized e inside the callns {with OR, no
differences in the gray scale are detectable)

sDetection of the corse of the fractire lite {iot assessable in 20 images with DE)

vuter cutlite of the callus {"bhrred” in DR images)

WO anization and disposition of different layers inside fhe callus {not assessable
with D)

Different deposition of miremlized tizsue inside the callus {with OF, no
differerces in the gray scale are detectabls)

1Detection of the ffacture lire {not assessable with OF)

vOuter outlite of the callus: pachy on both sides fwith DR, this featme canmot be
aszezzed)

Irmer orgardzation in layars and different deposition of riiremlized tizswe funifom
gray aspect in DR

1Degres of mmineralization of the surface of the callus {not assessable with DF)

sihrer outlite of the callus {'bhorred? in DR images)

1Smoottmess of the sudace of the callus {not assessable with TR

[rmer orgarization of the different lopers of the callus {mot azsszzable with D)

1Degre of mineralization of the surface of the callus {not asseasable with DE)

viter cutlite of the callus {bhrred™ in DR images)

Eroottmess of the suface of the callus {not assessable with OF)

s[rrer orgarization of the different lapers of the callus {not asseasable with DE)

1Degree of mineralization of the surface of the callus {not asseasable with DR

WOuter outlie of the callus £bhurred” in DE images)

1Eroottmess of the sudace of the callus {not assessable with TR

Iroer orgarization of the diffarent layers of the callus {mot assezsable with DER)

‘Detection of the course of the fretire line {mot assszsable in 20 images with DR

1Detection of differert stages of miremlization arund the facture live and inside
the callus {niot asseszable with OR)

Different deposition of miremlized tizspe {“thrred* in OF. imagss)
vlpanizmtion of the different layers of the callus {not assessable with DE)

scored according to the six sfages of bone healing stated by DR irnapes; for the CBCT images, a case by case desarip-
Hendrix [18] and Toal and Mitchell [19] and presiowsly  tion was provided since the previous classification was
described These standards were wsed in the esaluation of  difficult to apply in a cornparative manner.

@ Springer

89



114z

Int ] Legal hded {20137 1271139 1144

Resuls

Table 1 shows the results of the classi fication ofthe DR images
in 5% stages and the comnparison betweay DR and cone-bearmn
images. Fegarding DE., the increase in the stage evauation
roughly follows the narease in the age of the fachre: the older
the frachwe, the higher the stage, up to the last stage (sethy of
frachumre healing. Beyond this threshold, when the bone callus
urates the two margine of the fachre and 1= easily detectable,
both with macroscopic and radiological analyses, DE images
show grmilar patterns. Corrventional radiography, becatse of
the lack of definition and magn fication, led to a superimposi -
tion in the svaluation of the middle stages of facthre healing
and to a sot of “smocthing o™ of any lesion into stage B
when it was beyrond a catain age; CT images, inetead, allowed
the obsaver to gain a more precse and defined knowledge of
the mrer and outer stuchires of the callus, thus recogrizing
different kinde and stages of minerdization (Figs. 1, 2, and 3),
a clearidenti fication of the fachre line (when sl present and
detectable), and a wigon of the mmer organization of the callus
in 3D (Fig 4). In detal, in very “yvoung” bactwes, CTimages
do not add fmportant mformation to radiographe [ fachee
nnbers 1 and 2}, espedally when the fractire line s the only
featire one can detect in the radiologca mages: in these
cases, CBCT gawe in fact no additiond infonmaton. On the
other hand, thinge changs when the fractwe is older: the
greaterthe age ofthe fachue, the more information CTimages
added in defecting featues that can help in the evauation of
the process of factive healing, The great potential of CBCTis
proven by the additona information listed in the last colunn
of Table 1: the enonnous amowat of information that such
tomographic mages can provide to the observer 1s evidert.
The greater the stage of fachwe healing, the more usefil and
inforrnative feahres inorease on the radiological images: frac-
ture lines becorne more visible, with the outer and nner layers
of the callus becormne clearer for example. Moreover, different
and mare subtle levels of bone mineralization become assess-
able and distingnishable, as well as the imner morphologic
organization. Marry of these features were clearly not visible

Fig. 1 Duffernt features in the
irmer struchre of callusss with
the same ape {28 daye) in casss
Sc {Igf) and 54 {righs). Om the
Lzft: high mineralization and
ragular outling of the callus;, on
the right: poor minemlization
and disorpamzed structurs of
the callus

&1 Springer

with more convetional methods even to the tained eyve of the
radiologist To sun up, cone-beamn CT imagng gave us a
clearer irnage of the imner and outer sthachres of the callus,
bactue line, mner apanization of the differet layers of the
callus, and different stages of minsalizaton

Discussion

The tadk of aging bone fachves in skeletal remname ie =4l a
crucial and tricky issue in the forensic field both inthe case of
the living and of cadavers. One only has to think of the
hmdreds of cases every vear of child maltreatmnent in which
agng a fachwe correctly may make the difference in diagnos-
ing child abuse and thus contribite to enswing the child’s
safety, or of war crime scenarios where properly establishing
the age of abone callus on a skel sbon may reveal torhure dung
imprscrenent. At the moment, paticularly on dry bone, et
few studies have mvestigated the morphological featuwres of
bone rermodeling [20 22] beyrond standard radiologs, giving
orly a rough evauation mostly on single cases. Mareower, the
clinical standards one can make use of are not always in
complate agreernent (especally on the internediate stages of
fracture healing), arnd they do not give fiwther information on
what happens beyond the last stage (what every clinicdan
defines as “cornplete recovery™ [1 10, 1, 19]. On one side,
this radiclogical study dernorstrated the problans a traned
observer has to face when evaluaing factue healing with
corrvertional radiography: the: low defirition and bidimension-
ality of the images lead to a supeimposition of some sages,
thue leading to obsaver-dependent obeervations, without a
clearand common concordance, most of all in the mtermediate
sfages like stage 3, stage 4, or sfage 5. Concaring all fachwes
falling into stage 6, the DE images were escerfially grilarin
every case. The major aim of the study was, howeser, to test
for the fost tme the skille of CBCT 1n the analysie of the
siucture of bone calluses on dry bone, a feahwe evers anthro-
pologist has fo cope with quite frequertly. CBCT was chosen
because it is considered as the most valuable tool in the
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Fig. 2 Companson of DR {a) and coné-beam CT images (b d) of
three coeval calluses {age 28 days). The callus ¢valuation resulted to be
more predse with CBCT due to its high résolution and its possibility to
give subsequent slices on diffrert planés, providing more information
on the innér structure of the callus. The b on the right {a) shows a
stage 4 healing {the fracturé lidden by new bone formation) in the DR
image; the same b view in CBCT images (b d) clearly shows mare
detail

evaluation of had tissues for in vivo evaluations (particularly
bane and teeth of the maxillofacial area). Firstly, in the earliest

Fig. 3 Imeér ompanzation of the callus {ape 28 days) and different
stages of mineralization Cone-beam CTimage {case 5b)

stages of frachure healing, when the presence of mitial callus
formation is macroscopically and radiologically (with DR)
urdetectable, CBCT seaned to bring no significart advan-
tages, since any sign of early changes in the frachure pattem
seamed to be undetectable. On the other hand, CBCT provided
much more information conceming the different stages of
mineralization of specific areas of the callus and other pasgbly
useful features such as the different disposition of bone and
cartilage inside the frachee gap, the sequence of nevw forma-
tion, the irmer and outer stuctures, and the characteistics of
bane remodeling after the callus has been formed and strength-
ened The skills of this kind of radiological investigation are
clearly visible in the two cases where coeval frachwres on

Fig. 4 Old callus {2 years) in case b, cone-beam CTimage. The irmer
part of the fracture line is still detectable, while the outer outline of the
callus is smooth and continuous

@ Springer
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different ribs were vestigated: on e hand, the stages in
which the bone ca luses fell with DR were substanbally srmlar
because of similar features of the rmdiologcal images; on the
other hand, the high definition of the CT images led to a
precee view of the irne stachare of the callue, with different
disposiions of the layers inside the calus, several degrees of
minaalization, different features ofthe fachreline, and char-
acteristice of the swface of the callus. This clear aspect ofthe
inter shuchire in coeval calluses can be at fivst gight riclead-
ing: if the stage aszeceed with DR ic the sarme for every callue,
the differert features of the nner stacture with CBCT can lead
to a different stage evaluaton Howeve, the results of ths
study have to beread as a key element for the fubare: the clearer
features ofthe stuchres or the pattern of the frachre line can
provide an eager defivition of the stages of bone heding, To
o knowledge, a radiological techrique like cone-beam CT
can be a helpfl and valuable tool by which fo begin a novel
classifcation of bone healing.

The interest in radiclogical techniques has been rapidly
desveloping in the forercic field [23 26] and in our opinion
cone-bearn CTs can be particularly helpfil: sensitivty is
frequently higher than the standard CT technology and the
sanple does not need to be as srnall as in the case of micro
CT and p} CTe. Furthemore, the gdlle of a radiologica
technique like cone-bearn CT rust be taken in serous
consideration in another crucial forensic field like that of
child abuse: one only has to think of the low amount of
radiation and the quick acquisition time of the images
(CBLCT usually needs seconds when a taditional OT needs
minutes), provided the lesion i in gmall parte of the bods
(ike wpper or loweer linbe) which will it into the ganty

Such a techrique could thus open up the possibility of
making a corcrete progress in this fdd aiming & corectly
evaluating inwies and fachre healing procesees. Therefore,
cone-bearn T, already lmownin the forensic field for gunshot
and sharp force tranena, canbe a help fil and reliable tool forthe
fimal prposeof a clear and defined view of bone fachres and
calluses, thus trying to make the stagesof fachwe healing more
clear and to create a new classification of bone rernodeling,
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Indagini preliminari e materiale in elaborazione.
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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, lkeda 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. VVandevoort
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. VVolumes 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 malesand 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?=0.37 females; R?=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,

- afreeware, 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).

35 |40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 | 85 TOTAL

AGE | 15 | 20 | 25 | 30
RANGES | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 | 85 | 90
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

Tabl: 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 ROls, so, via the tool “pencil” ROIs were

generated every 3-4 slices, from the tooth apex to the most occlusal point of the crown.
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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
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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® and 0,5 cm® in
the female group and from 0,7 cm® to 0,8 cm® 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® e 0,01 cm? (fig.4). The
PV/PD ratios distribution is uniform, with the exception of the upper interval from 0,07 cm® and
0,08 cm’.
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Fig.3: dental volumes distribution in both sex
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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).

PREDICTION
ESTIMED AGE CONFIDENCE  INTERVAL
by linear regression ESTIMATION (years)

95% +29

90% 24

ALL | Y=-780,9X+74,7 80% t19
70% 15

60% +12

95% +32

90% +27

MALES | Y=-795,3X+75,5 80% +21
70% +17

60% +14

95% +28

90% +23

FEMALES | Y=-7748X +74,4 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).

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, Mld-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 1’applicazione delle tecnologie tridimensionali su
numerose tematiche nell’ambito dell’antropologia fisica e forense. Per affrontare tali tematiche ¢
stato necessario selezionare gli strumenti e i software, acquisire digitalmente la piu ampia varieta di
materiale possibile e quindi concentrarsi sulle linee di ricerca che apparivano piu promettenti. Si e
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.

E stato altresi acquisito materiale in diverse condizioni tafonomiche rilevando come la tecnologia
laser scanner sia poco adatta a registrare materiale carbonizzato (poiché il laser e 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. | 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 riproducibilita delle scansioni con I'utilizzo di
3 diversi tipi di Laser Scanner (capitolo 3). E 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 qualita della scansione. Lo studio condotto ha dimostrato la
riproducibilita 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 € rilevata la piu 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). | risultati ottenuti indicano che 1’uso
del modello 3D del cranio facilita il processo di sovrapposizione rendendolo molto piu veloce,
tuttavia, per quanto concerne 1’affidabilita 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 € piu idonea come tecnica di esclusione.

114



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 1’utilizzo di un nuovo
software in fase di sperimentazione (TIVMI-AFA3D) si ¢ valutata I’effettiva capacita del software
di riprodurre volti a partire da modelli 3D e si é testata la riproducibilita 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 omogeneita 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’impossibilita di condurre ricostruzioni di volti che mostrano i denti (elementi di grande
importanza identificativa) risulta il principale limite della metodica sperimentata; testare la
riproducibilita 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 € potuto riscontrare come la tecnologia Laser Scanner sia adatta per
condurre acquisizioni sia su scavo e sia singoli reperti scheletrici in laboratorio grazie alla
trasportabilita dello strumento unito all’alta qualita delle acquisizioni che esso produce. Tuttavia
tale tecnologia ha il limite “intrinseco” di poter acquisire solamente superfici, non puo rivelare nulla
di cio che e all’“interno” dell’elemento che si sta acquisendo. Nello studio condotto per la
determinazione dell’eta 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 e rivolti pertanto a una recente
tecnologia TAC in grado di acquisire I’esterno e la struttura interna di reperti di piccole dimensioni
(con accuratezza sub millimetrica): la CT Cone Beam. Tramite 1’utilizzo di un software gratuito
(OsiriX) e 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 piu costose (in particolare con
software a pagamento), I’equazione ricavata mostra tuttavia ancora scarsa precisione nella stima
dell’eta.

La CBCT ¢ una metodologia che si ¢ rilevata utile anche nell’ambito dell’indagine di lesivita, ambito
in cui il Laser Scanner si rivela non idoneo se utilizzato per acquisire lesioni che intaccano in
profondita la superficie ossea (lesioni d’arma bianca) e lesioni pregresse e in via di guarigione

(lesioni antemortem). E stato condotto uno studio su lesioni da punta e taglio prodotte in laboratorio
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SU 0SS0 spugnoso e corticale acquisite con CBCT (Capitolo 5). Benché su 0sso corticale non siano
stati conseguiti risultati soddisfacenti, su 0sso spugnoso sono state ottenute ottime riproduzioni
tridimensionali delle lesioni ed é stato proposto un metodo per I’analisi differenziale tra lesioni
monotaglienti e bitaglienti.

In un caso reale di antropologia forense, in cui la vittima ¢ stata attinta con un colpo d’arma bianca
sul corpo della prima vertebra cervicale, € 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’0sso, ricostruzione, questa, che permette di risalire alla forma della lama (capitolo
6). Per quanto concerne la lesivita antemortale la tecnologia CBCT é 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 potenzialita e 1 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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