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1895 discovery of X rays by 

Wilhelm Röntgen

In the same year Röntgen also 

discovered possible medical use of 

X rays when he made a picture of 

his wife's hand: the first radiograph 

of a human body part using x rays



Radiography was first used in 

paleoanthropology to image some Neanderthal 

and Upper Paleolithic human remains from 

Belgium (La Naulette, Goyet), Croatia (Krapina), 

Germany (Mauer), and Moravia (Pøedmostí) 

(Walkhof, 1902; Gorjanovic-Kramberger, 1906; 

Schoetensack, 1908).

1906

D. Gorjanovic-Kramberger used radiographs to 

analyze internal features of fossil hominids. He 

started describing a frontal bone and teeth of the 

Krapina Neanderthals and little later came up with 

a description of a new diagnostic feature by using 

x-rays.



Computed Axial Tomography

X-ray computed microtomography (microCT), evolved from clinical CT 

scanning in the late 1980s (Feldkamp et al., 1989), is a relatively new important 

tool for the non-destructive microstructural analysis of different types of hard 

materials

1973

The introduction of Computed Tomography 

(Hounsfield, 1973) ultimately opened a new 

dimension for anthropology. 



The mCT has been designed by ICTP and Elettra Sincrotrone Trieste.

This mCT system has been specifically designed for the investigation of large

objects (with dimensions up to 20 cm and a weight up to 15 kg) at 40-50 micron

resolution. Smaller objects can be also studied with spatial resolution of the

order of 5-10 micron. The system complements the instruments operated

by Elettra, the synchrotron set-up at the SYRMEP beamline and the

TomoLab station(s)

Main Components

- Tube: X-rays are produced by a Hamamatsu microfocus X-ray source (150 kV

max. voltage, 500 µA max. current, 5 µm min. focal spot size).

- Detector: is a Hamamatsu flat panel sensor coupled to a fiber optic plate

under the GOS scintillator. It is a large-area device with small pixel size (50x50

µm) and high efficiency in the radiation conversion.

- Sample positioning system: Aerotech high-performance mechanical

components with two linear translation axes and rotation stage.

The cone-beam mCT station at ICTP



The source-detector system and the sample manipulator are mounted on a 

flexible mechanical set-up
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Non-destructive capability to investigate the inner structure 

of precious human remains and ancient artefacts that could 

not be damaged through traditional sampling procedures.

If microCT is often not comparable to two-dimensional (2D) 

analysis of specimen sections, in terms of resolution and 

direct identification of sample components, it gives non-

invasive access to three-dimensional (3D) information.
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2 Paleoanthropology



1 cm
Bernardini F. et al 2013 Microtomographic-based structural analysis of the

Neanderthal child mandible from Archi, Southern Italy. Proceedings of the European
Society for Human Evolution 2: 44.

Teeth structure and morphology



1 cm





The Romito skull, dated to 17 ky, is part of a Epigravettian

burial discovered in the famous Romito cave in Calabria.

Virtual endocasts of ancient humans

The ancient Bronze

Age Mompaderno Skull

from Istria, Croatia.



Virtual restoration and retrodeformation of  human skulls

Di Vincenzo F. et al 2017 Digital reconstruction of the Ceprano 

calvarium (Italy), and implications for its interpretation. Scientific 

Reports 7 doi:10.1038/s41598-017-14437-2.



3 Archaeology



Characterization of ancient Ghana clay figurines

(about 1ky BP)

collaboration ICTP - Ghana Atomic Energy Commission (GAEC) - National Nuclear Research Institute (NNRI)

Pottery  



Dr. Nuviadenu Christian Kwasi at ICTP lab preparing the samples for microCT 

analysis



microCT revealed hidden

channels within the

objects which could have

a medicinal function, used

for liquid ritual offerings.





from Thér 2020

Pottery: forming techniques



Alignment of voids and inclusions 

according to the forming 

technique (from Berg 2008)



Wheel-made vs. wheel-shaped 

“Pottery specialists commonly classify vessels as either

wheel-made or handmade vessels based on distinct surface features. 

However, anthropological case studies have shown that this binary 

classification is a modern construct and does not reflect past 

reality.

Instead, pottery manufacturing techniques should best be visualised as 

ranging from completely handmade through combination techniques to 

completely wheel-made ones.” (from Berg 2008)



Relevant diagnostic attributes of pottery-forming 

practices

They can be divided into five categories:

(a) surface morphology and topography

(b) remnants of segmental joints 

(c) wall thickness

(d) alignment and orientation of the components of the 

ceramic body.



Decorated bowls with cross-shaped foots are 

peculiar Late Copper Age vessels widespread in 

Central Europe and northern Balkans. They are 

very common in the Deschmann's pile 

dwellings, located in the Ljubljansko barje

(Central Slovenia), but quite rare in the caves of 

Trieste Karst (north-eastern Italy).

Ciclami Cave 

20591 (Trieste) 

Deschmann's pile dwellings 

B1842 (Ljubljana) 

Remnants of segmental joints: Copper Age bowls from Italy and Slovenia

Bernardini F. et al. 2019 - X-ray

computed microtomography of Late

Copper Age decorated bowls with

crossshaped foots from central Slovenia

and the Trieste Karst (north-eastern

Italy): technology and paste

characterization, Archaeological and

Anthropological Sciences



Coiling technique vs Modelling technique

From Lindahl and Pikirayi 2010



U-coiling technique N-coiling technique



Modelling technique



MicroCT data can be used to produce 3D renderings of external surfaces 

but they are especially useful to see beyond the appearance. 



Virtual transversal sections of selected rims of investigated bowls showing 

technological traces highlighted by dotted red lines.



Virtual transversal sections of the base of selected bowls from Slovenia (B1482) 

and Italy (20419 and 20592) showing technological traces highlighted by dotted red 

lines.





Wall thickness and 

orientation of voids 

and inclusions 



Modern replicas of conical cups reproduced using five different forming techniques 

on a Minoan-type potter’s wheel. Ceramic technology at Phaistos in Middle Minoan 

IIA (18th cent. BC), Ilaria Caloi, Ca’ Foscari University of Venice

(from Caloi 2021)



Replica produced by the wheel throwing technique (throwing-off-the-

hump)





Replica produced through the coil-wheeling (produced by coiling and 

refined on the potter’s wheel) 





From experimental replicas to original vessels: Minoan vessels

produced using the weel-throwing technique



From experimental replicas to original vessels: Minoan vessel produced

using the slab-building technique





Non destructive paste characterization of pottery: 

a non destructive approach



MicroCT-derived images: rendering of a late

Copper Age vessel (a), rendering of the same

vessel with clay in transparency, lithic

inclusions in green and pores in red (b) and

virtual extraction of lithic inclusions (c).



Paste characterization and analysis of microCT-derived 

data

1. segmentation of 3 slices for each vessel

2. quantification of total area of clay, lithic inclusions and pores

3. quantification of area, maximum width and length of each single inclusion



Lithic inclusion/clay ratio for the Slovenian 

(light blue) and Italian samples (red). 



Area Max. Length Max. Width

Name
Very small 

0-50000 μm2

Small

50000-

100000 μm2

Medium

100000-

200000

μm2

Big

>200000 

μm2

Very 

small 

0-500 μm

Small

500-1000 

μm

Medium

1000-

1500 μm

Big

>1500 

μm

Very small

0-200 μm

Small

200-

300 μm

Medium

300-400 

μm

Big

> 400μm

B_1505 30 32 18 10 60 27 3 0 20 30 24 16

B_5009 220 155 180 206 345 288 86 42 136 184 150 291

B_1482 237 309 306 157 509 449 47 4 156 313 249 291

B_1490 73 66 75 70 134 113 25 12 49 69 53 113

B_1479 78 68 32 20 130 59 7 2 55 55 48 40

B_1939 126 99 46 20 218 70 2 1 82 96 73 40

B_1963 255 54 16 7 309 22 1 0 185 109 25 13

B_1965 24 17 4 7 40 9 2 1 13 21 7 11

B_1972 257 118 44 13 353 73 4 2 183 148 67 34

B_1973 101 87 58 30 198 68 4 6 80 89 62 45

B_1984 1 7 9 7 8 12 1 3 0 6 9 9

B_1994 3 5 1 2 7 3 1 0 2 6 0 3

B_1497 193 185 339 453 413 545 162 50 173 141 257 599

NI_19 66 94 106 116 145 165 52 20 34 83 84 181

3469 59 80 65 102 130 126 29 21 29 72 69 136

20591 86 9 0 0 89 6 0 0 77 14 3 1

20592 28 85 185 489 82 347 239 119 22 35 103 627

20419 10 30 46 109 33 92 45 25 3 27 32 133

139461 562 74 40 28 626 66 8 4 478 143 31 52

SN 33 4 6 1 38 6 0 0 25 11 5 3

139462 54 27 18 15 79 31 4 0 34 36 22 22

139463 116 47 16 10 153 31 4 1 95 60 19 15

139464 345 140 69 68 457 131 22 12 264 169 87 102

Number of lithic inclusions divided into four size intervals



Bivariate plot showing the 

variables and the position of 

investigated samples from 

Slovenia (black labels) and 

Trieste Karst (red labels). A: 

area; L: length; W: width; 

Inclusions_Clay: lithic 

inclusion/clay ratio.

Statistical analysis of microCT-derived data



Prompt Gamma Activation Analysis (PGAA)





Virtual extraction of a fish vertebra from sample B1939



Ursus arctos rib from Cornafessa

rock shelter with taphonomic

features highlighted. Green lines:

roots marks; red lines: scraping

marks; blue lines: trampling

marks; black arrow: PIM. a: PIM

and root etchings; b: scraping

marks.

Projectile impact marks (PIM)

Projectile impact mark, found on a rib of Ursus arctos from the Late Epigravettian site 

of Cornafessa rock shelter.

Duches R. et al 2018  Archeological bone 

injuries by lithic backed projectiles: new 

evidence on bear hunting from the Late 

Epigravettian site of Cornafessa rock shelter 

(Italy).Archaeological and Anthropological 

Sciences.



The drag’s morphometric 

features are consistent with 

the experimental ones, 

connecting this mark to Late 

Epigravettian composite 

projectiles and declaring this 

evidence as the first direct 

proof of a bear hunted by 

using bow and arrow.
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Projectile impact marks (PIM): part of a mesolithic bone point still

embedded within a rib of a Bos primigenius (unpublished data)













Grotta di San Michele di Saracena

Early Impresso culture 

Prehistoric (shell) beads

cave pearl



1 cm

Riva del Garda (TN) – via Brione

Cultura dei Vasi a Bocca Quadrata 2/Square-Mouthed Pottery culture, phase 2 

RR 61



Riva del Garda (TN) – via Brione

1 cm

Cultura dei Vasi a Bocca Quadrata 2/Square-Mouthed Pottery culture, phase 2 

RR 425



Production and use of birch bark tar at the Neolithic pile dwelling

of Palù di Livenza (north-eastern Italy) revealed by X-ray computed micro-

tomography and synchrotron Fourier-transform infrared spectroscopy

(from Bernardini 

et al 2022)



(a) MicroCT virtual sections of 

sample CORT, showing its 

scroll-up structure. (b) Birch 

bark rolls. The birch bark 

naturally curls into loose rolls 

when it is removed.



FTIR absorbance spectra of the investigated samples. The 

main spectral bands are indicated by dashed arrows and 

related peak positions. The spectra obtained from all four 

samples match quite well that of birch bark tar reported in 

literature.



Zooarchaeology 1: non-destructive evaluation of age at death
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Boschin F., et al 2015 MicroCT imaging of 

Red Fox talus: a non-destructive approach to 

age at death estimation, Archaeometry

57(S1):194-211.

Boschin  F. et al 2015, MicroCT analysis of 

archaeozoological remains: a non-destructive 

approach to the age estimation. Annali 

dell'Università di Ferrara. sezione: 

museologia scientifica e naturalistica  11: 1-6



Zooarchaeology 2: modifications of burned bones

Boschin F. et al 2015 A Look from the Inside: MicroCT Analysis of Burned Bones. Ethnobiology Letters 6(2): 41-49.



Zooarchaeology 3: discrimination between dogs’ and wolves’ 

lower carnassial tooth

Relative reduction of carnassial teeth’s size in

dogs: is carnassial reduction followed by any

modification of the tooth’s internal structure?

Virtual extraction of two 

Sub-volumes

Analysis of enamel thickness

expressed in :

Dentine volume/

Total volume





Virtual dendrochronology on charcoals from excavations









Prehistoric dentistry 







2 mm

2 mm



1 mm





Modern beeswax

Infrared spectroscopy
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Lucas Heights - Australia



Beeswax:

4695-4453 BC (two sigma)

14C measurements were performed 

using the STAR facility at ANSTO 

(Australia)  

Mandible:

4688-4496 BC (two 

sigma)

14C measurements were 

performed using the CIRCE 

AMS facility (Italy) 




