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“Emma Dobigny”, by Edgar Degas, False Colour Synchrotron Image, produced 2016,  

National Galley Victoria, Melbourne. 



“Parrhasius....was the first to give proportions to painting and the first to give vivacity to 

the expression of the countenance, elegance of the hair and beauty of the mouth; indeed it 

is admitted by artists that he won the palm in the drawing of outlines. This in painting is 

the high-water mark of refinement; to paint bulk and the surface within the outlines, 

though no doubt a great achievement, is one in which many have won distinction, but to 

give the contour of the figures, and make a satisfactory boundary where the painting 

within finishes, is rarely attained in successful artistry.... Parrhasius’ pen sketches are 

visible in his panels and parchments, and other artists study them..... 

 

Pliny the Elder, “The Natural History”, Book 3.68, 79 A.D 

     

The preservation and understanding of cultural heritage depends increasingly on in-

depth chemical studies. Rapid technological advances are forging connections between 

scientists and arts communities, enabling revolutionary new techniques for non-invasive 

technical study of culturally significant, highly prized artworks.  

 

We have applied a non-invasive, rapid, high definition X-ray fluorescence (XRF) 

elemental mapping technique to a French Impressionist painting using a synchrotron 

radiation source, and show how this technology can advance scholarly art interpretation 

and preservation. We have obtained detailed technical understanding of a painting which 

could not be resolved by conventional techniques. Here we show 31.6 megapixel 

scanning XRF derived elemental maps and report a novel image processing methodology 

utilising these maps to produce a false colour representation of a “hidden” portrait by 

Edgar Degas.  

 

This work provides a cohesive methodology for both imaging and understanding the 

chemical composition of artworks, and enables scholarly understandings of cultural 

heritage, many of which have eluded conventional technologies. We anticipate that the 

outcome from this work will encourage the reassessment of some of the world’s great art 

treasures. 

 

Abstract: David Thurrowgood, David Paterson, et al;   

“A Hidden Portrait by Edgar Degas”,  

Nature, Scientific Reports; 4 August 2016. 

 

In 1905 Bernard Hall travelled to Europe with the mission of acquiring works of Art for 

the National Gallery of Victoria. Although Edgar Degas was still alive at this time his 

works had already become prohibitively expensive, and in consequence none of his works 

were acquired. By 1937 the Gallery had acquired two Courbets, three Manets, a Monet, 

two Pissarros and a Sisley, but the absence of a Degas from the growing collection of 

modern French masters, however, was becoming a positive embarrassment. Then in 

March of 1937,  the Gallery’s UK based Felton Bequest adviser Sir Sydney Cockerell 

(then director of the Fitzwilliam Museum) recommended a reasonably priced Degas, 

known “Portrait of a Woman” c. 1876 - 80. The Gallery directors went ahead with the 

purchase and the work as unveiled to the Australian public in August of the same year. It 

met with mixed reports by the press - to say the least - the face appeared to be suffering 

from some kind of alarming discoloration.   

 



The Argus found the work “bravely drawn and painted”, whatever that meant, but 

followed this up with “the portrait’s honey-coloured and brown hues make it thoroughly 

unrealistic as far as flesh is concerned”. George Bell, writing for the Sun, wrote that the 

work was “dignified and full of charm”, and tried to put a positive spin on things, by 

finding a certain beauty in the strange colouration of the subject’s face. In an prescient 

prediction he posited, that in years to come  “the black ground will be responsible for a 

continued darkening of the picture into the future”. The Age caustically reported that the 

painting “does not in any way represent an artist who was one of the foremost of the 

French Impressionist group … nor does it justify the price paid for it”. Basil Burdett, art 

critic for the Herald, at least tried to see something positive, writing that it was 

“impressive in some ways... it has a real pictorial quality and appeal in the spacious 

dignity of the silhouette”. Upon further reflection, however, he concluded that “Portrait 

of a Woman” “hardly emerges from the “interesting” class”. In conclusion he 

summarized the work as, “a little disappointing, very much a secondary example and one 

holding a specialised interest for the painter rather than a general appeal for the 

public”. A member of that public, the twenty one year old William Fielding Wannan, 

wrote to the Argus, “I find it deplorable that our National Gallery, despite its Felton 

Bequest, continues to pay enormous sums for pictures that are either of dubious 

authorship or inferior examples of a master’s work....the latest addition to our list of 

costly mediocrities!” 

 

With the passage of decades it became apparent that the cause of the facial discoloration 

was actually the slow emergence of an earlier image that Degas had painted, and that 

“Portrait of Woman” had been painted over the top of it. Degas had painted “Portrait of 

a Woman” (her identity is unknown) using very thin layers of pigment and as they aged 

and faded, parts of the earlier work began to appear from underneath it - but never quite 

enough to make anything of the older work, although it did appear to be another portrait. 

Excited by the prospect of uncovering a previously unknown Degas, Art historians 

subjected the work to conventional x-ray and then infrared analysis. The results were 

disappointing, but it was clear that the earlier work was indeed some sort of portrait.        

 

Then in 2016 researchers working with a type of particle accelerator known as the X-ray 

Fluorescence Microscopy (XFM) beamline at the Australian Synchrotron, Melbourne 

scanned “Portrait of  Woman” using synchrotron beams directed at specific elemental 

mapping. The painting was scanned in incredible detail mapping images produced by 

specific elements used in Nineteenth century pigments. No less than eleven elements, 

known to be used in these pigments were scanned for, including calcium, chromium, 

manganese, iron, cobalt, nickel, copper, zinc, arsenic, barium and mercury. These eleven 

elemental maps were then digitally combined to produce a false colour image of the 

earlier painting. The results were nothing short of miraculous. A clear image of a woman 

emerged that had not seen the light of day for over a century and a half. Indeed the 

earlier work can be fairly accurately dated to around 1865, by the appearance of the 

woman’s ears, which are “pixie” like - an idiosyncratic fancy of Degas seen in some of 

his other portraits from around this time. But even more than this, the image was so 

sharp, that Art historians are now certain of the identity of the woman. Her name was 

Emma Dobigny, a favourite model not only of Degas, but of a number of other 

Impressionist Artists of the period. Overnight The National Gallery of Victoria’s 

“Portrait of a Woman” gained sensational international recognition across the world, as 



the painting that was first examined using a stunning new 21st century technology, that 

will revolutionize the way in which priceless works of Art can be  non-invasively studied 

in detail never before imagined possible. “Portrait of a Woman” is now a world famous 

work, as is the long lost Portrait of Emma Dobigny that lies hidden beneath it. The 

Gallery purchased this “non-descript” work by Degas, in 1937 for the sum of £2,275. 

Today because of its great cultural, scientific, and now historical value it ranks amoung 

the priceless works of Edgar Degas.                         

 

In the First Century A.D, Pliny the Elder, sang the praises of Parrhasius, one of the 

greatest Artists of antiquity. It was said that his line work was unsurpassed, and that if 

some of his paintings were very closely examined evidence of how he had constructed his 

lines could be discerned. Other Artists from across the Mediterranean world would 

gather to study his works. Eighteen centuries later, a young Edgar Degas hesitatingly 

confessed to one of his greatest heroes, Jean Auguste Dominique Ingres, that one day he 

would like to become a great painter. Ingres, somewhat amused, replied, “Well then 

young man, draw lines, lots of lines, never from nature, always from memory and the 

engravings of the masters”. It was advice Edgar would never forget. Many years later 

when he had become the most renowned Artist in all Paris he would exclaim of his 

famous dancers, “The dancer is nothing but a pretext for drawing”.       

 

For close on two millennia a discerning eye, was all that could be called upon to see 

hidden lines in great works of Art. Then in the Twentieth century by dint of an 

astonishing discovery made by Wilhelm Röntgen, Art historians and conservationists 

could make out hidden lines, that were completely invisible to the human eye. Now in the 

21st century by the miraculous technology of the synchrotron we may examine hidden 

lines in the great masterpieces of bygone ages in detail that would have been undreamt of 

by either Pliny or Röntgen and by this technology we may greatly enrich our 

understanding and cultural heritage in the visual Arts. And so it is in the field of medical 

imaging, we use the 21st century technologies of ultrasound, CT scanning and MRI 

scanning to see objects that were totally invisible in times past.    

 

Left: “Portrait of a Woman”, oil on canvas,  

c. 1876 - 80, Edgar Degas,  

National Gallery of Victoria.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FOREIGN BODY IMAGING (SOFT TISSUES) 

 

Introduction 

 

In medicine, a foreign body is any object lying partially or wholly within the body that 

originated in the external environment. 

 

Retained foreign bodies within the subcutaneous tissues and muscle are commonly 

encountered in the Emergency Department. 

 

Not infrequently objects may persist within the body for long periods, without any ill 

effects, however they may also lead to significant complications such as infection.    

 

These retained objects may also offer fertile ground for medical litigation. 

 

In general terms plain radiographs should be the initial screening modality for a 

suspected radio-opaque foreign body. If these are inconclusive but clinical suspicion 

remains high, further investigation should be in the form of ultrasonography for 

suspected superficial foreign bodies and CT scan for suspected deep seated foreign 

bodies. 

 

Radiopaque versus Non - Radiopaque  

 

It should be noted, that although the term “radiopaque” is commonly used when 

discussing foreign bodies and lists of radiopaque and non-radiopaque materials are 

sometimes created, radiopacity is not an “all or none phenomenon”. “Radiopaqueness” is 

in fact a relative term. 4 

 

The ability of a substance to absorb or scatter X-ray photons is based on a number of 

characteristics, including:  

 

1. Electron density and the atomic number of the different atoms in the substance 

 

2. The energy level of the photon beam  

 

3. Contrast with surrounding tissues:  

 

● Visualization by radiography depends on perceiving a difference (or 

 contrast) in the X-ray interactions of two adjacent objects or substances. 

 

Virtually any object for example is clearly visible when compared to air, 

which has a much lower X-ray photon attenuation. 

 

Clinical assessment 

 

The mechanism of injury is important in evaluating the potential for foreign bodies.  

 

For example:  



 

1. Bite injuries may include teeth fragments.  

 

2. Punches to the face may include teeth fragments in the punching hand.  

 

3. Broken objects causing wounds may leave embedded fragments.  

 

4. Wounds from nails or other sharp objects puncturing the soft tissues through 

 shoes, socks, clothing  may include remnants of leather, cloth, rubber etc.  

 

5. Glass injuries always have the potential for leaving fragments within soft tissues.   

 

 ● It is probably unnecessary to routinely x-ray superficial wounds that are  

  easily explored. 5 

 

 ● Deeper wounds or those not easily explored should be routinely x-rayed.       

 

Note that retained glass foreign bodies are a not uncommon source of 

medico-legal claims. 1   

 

Plain Radiography 

 

The physical basis of detectability of foreign bodies of the musculoskeletal system on 

conventional radiography is the unequal absorption of the x-ray beam as it passes through 

objects of different densities 

 

The higher the density compared to soft tissue, the more radio-opaque an object will be.  

 

Overall, plain radiography is a good screening examination in cases of suspected foreign 

bodies of the musculoskeletal system, however, negative findings do not necessarily 

prove rule out the presence of a foreign body, and further imaging investigation should be 

considered in if clinically suspicion remains high.  

 

Objects which are relatively opaque on plain radiographs include: 

 

1. Glass 

 

 ● Density:  

 

Greater lead content will make glass easier to see on plain radiography, 

however glass does not necessarily have to contain lead to be radiopaque, 

as all glass material is radiopaque to some degree on radiographs.  

 

The higher density and the effective atomic number of glass compared 

with the surrounding soft tissue are the main factors responsible for its 

radiographic appearance. 

 

 ● Size: 



 

On radiography, glass fragments of ≥ 2 mm can be detected by 

radiologists with almost 100% accuracy.  

 

However, when the fragment is ≤ 2 mm, the diagnostic accuracy falls to 

around 60 - 80 %. 

 

2. Metal: 

 

● Metallic foreign bodies such as bullets may be removed without if 

 superficial and distant from tendons, nerves, or blood vessels.  

 

● When removal might cause further damage, metallic foreign bodies can be 

 left in place unless symptoms occur or infection is present. 

 

Shrapnel or bullet fragments adjacent to a synovial cavity however should 

be removed in those with symptoms of lead toxicity or rising blood lead 

levels, (3rd Murray)  

  

3. Stone 

 

4. Graphite: 

 

 ● This is clearly visible if embedded within muscle, but may be undetectable 

  if embedded within bone) 

 

● Graphite foreign bodies can result in pigment tattooing and should be 

 removed. 

 

5. Teeth  

 

Objects which are relatively radiolucent on plain radiographs include: 

 

1. Plastics  

 

2. Organic objects: 

 

 ● Such as wood splinters/ thorns  

 

3. Acrylics 

 

Ultrasound 

 

All foreign bodies are hyperechoic to some degree on ultrasonography, including those 

that are generally radiolucent on plain radiography 

 

FBs appear as hyperechoic with posterior shadowing and often demonstrate reverberation 

artefact. 



 

Ultrasonography provides real time imaging in the ED.  

 

Ultrasound can also:  

 

● Help identify complications such as abscess formation or associated injuries  

 

● More accurately localise foreign bodies and define the relationship with adjacent 

 soft tissue structures 

 

The technique, however is very operator dependent.  

 

Wooden foreign bodies may become less echogenic over time. 

 

A high-frequency (7.5-MHz or higher) linear array transducer is optimal for 

sonographic evaluation of suspected foreign bodies of the musculoskeletal system. 

 

CT Scanning 

 

Helical CT scanning is considered diagnostic method of choice for the detection of 

intraocular and orbital metallic, glass and stone foreign bodies and is preferred over 

MRI (hazardous with metallic objects) and sonography (less sensitive than CT)  

 

CT enables the precise localization of radiopaque foreign bodies of the musculoskeletal 

system 

 

Glass is readily detectable on CT and has comparatively high density values of at least 

2000 HU; with a minimum detectable volume of 0.07 mm3 with 16-MDCT 1 

 

Smaller pieces of glass can be detected if the density values are higher (e.g., a minimum 

detectable size for a glass sliver with a density of 8300 HU is around 0.01 mm3).  

 

Silver, has a density of 11,000 HU 

 

Gold has a density value of 22,000 HU 

 

Lead has a density value of 30,000 HU 

 

Magnetic Resonance Imaging 

 

MRI is not a common indication for suspected foreign bodies of the musculoskeletal 

system.  

 

It may be useful in certain circumstances, such as chronic and / or complicated foreign 

bodies.  

 

The presentation of long-standing foreign bodies can be misleading; patients may not 

remember a penetrating injury or when it occurred, and they may simply present with: 



 

● A soft-tissue mass / granuloma  

 

● Draining sinus from chronic infection  

 

● Other signs resulting from tendinous or vascular injuries, such as a pulsatile mass 

from a  false aneurysm .  

 

Foreign bodies generally appear as either hypointensity or signal void on both T1 and T2 

weighted imaging.  

 

The appearance of the surrounding soft-tissue abnormalities varies according to local 

pathology.   

 

For recently entered foreign bodies, the surrounding inflammation appears as 

hypointensity on T1-weighted imaging and hyperintensity on T2-weighted and other 

fluid-sensitive sequences.  

 

In contrast, in long-standing foreign bodies of the musculoskeletal system, wherein the 

granulation tissue is likely to have undergone structural alterations, the MRI appearance 

must be interpreted with care. For instance, a well-encapsulated multiloculated cystic 

mass suggests seroma, liquefied hematoma, abscess, or cystic degeneration within soft-

tissue sarcoma.  

 

In cases of infection, draining sinuses with markedly enhancing walls may be seen on 

contrast-enhanced T1-weighted fat-suppressed images.  

 

A surrounding rim of intermediate intensity or hypointensity may also be observed in 

chronic foreign bodies of the musculoskeletal system and may represent a peripheral 

fibrotic capsule.  

  

Metallic foreign bodies of the musculoskeletal system, such as shrapnel, can be 

dislodged by the strong magnetic field encountered in MRI procedures, with 

potential hazard to the patient.  

 

The seriousness of this risk depends on:  

 

● The ferromagnetic properties of the retained object 

 

● Its exact anatomical location (e.g. eye, neurovascular bundle) 

 

● The strength of the MRI magnetic field.  

 

Thus MRI is not an appropriate screening modality for metallic foreign bodies. 

 

 

 

 



Appendix 1 

 

 

 

Suggested pathway for the imaging of suspected foreign bodies, 

(www.imagingpathways.health.wa.gov.au/) 

 

 

 

 



Appendix 2 

 

 

Panel A: Radiograph taken of an array of objects 

(shown at the left) of different materials, in air 

including various metals, wood, plastics, porcelain, 

rubber, stone, sponge and cotton fabrics. 

 

Panel B: The same objects x-rayed, under 2.5 cm of 

water - Radiopacity is not an absolute either / or 

phenomenon, rather it is a relative term!      

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Left: Portrait of a Woman c. 1876 - 80, oil on canvas Edgar Degas, National Gallery of 

Victoria, Melbourne, Visible light image. The boxed region highlights the XRF scan area.  

 

Middle: X-radiograph. The obscured portrait is rotated 180 degrees relative to the later 

portrait. The face and ear of the obscured sitter are the primary source of contrast.  

 

Right: Reflected infrared image (detail). A partial outline of the obscured sitter’s face is 

indicated with a dotted line. The extensive use of highly infrared-absorbing black paint in 

the final composition provides a only a very limited view of the underlying figure. 

 

 

Left: High-definition 

31.6 megapixel X-ray 

fluorescence elemental 

maps of “Portrait of a 

Woman” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Portrait of Emma Dobigny, oil on canvas, 1869, Edgar Degas. 
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