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Prof. GIOVANNI E. ORLANDINI passed away in Florence 
on March 5th, 2022

He was born in Florence in 1934, graduated in Med-
icine and Surgery at the University of Florence in July 
1958 and specialised in Cardiovascular and Rheumatic 
Diseases at the same University in 1962 with top marks 
and honours.

In 1969 he moved to the University of Sassari, where 
he became Director of the Anatomical Institute and Full 
Professor of Anatomy till 1972, when he was asked by 
the University of Parma as Full Professor (1973) of His-
tology and General Embryology as well as Director of 
the Institute of the same name. 

In 1974 he returned to the University of Florence as 
Full Professor of Normal Human Anatomy, where he 
performed several institutional roles. 

From 1986 to 2001 and then again in 2007 until his 
retirement, he was elected Dean of the Medical Faculty. 
In 2004 he became Director of the Department of Anat-
omy, Histology and Forensic Medicine. In 2009 he was 
appointed Emeritus by the Italian Ministry of University 
and Research.

He was a member of several scientific societies: 
Association des Anatomistes, American Association 
of Anatomists, Anatomische Gesellschaft . In the latter 
association, he was elected President (1990-93) and then 
an honorary member. In the Italian Society of Anatomy 
since 1993, he was a member of the Board of Directors, 
and since 2005, he has been elected President for two tri-
ennia. In the same Society, he received in 2016 an award 
for his career. From 1997 to 2004, he was the Italian 
Board of Anatomists’ President.

Giovanni Orlandini participated in many national 
and international congresses and organised and chaired 
several symposia, including the European Anatomical 
Congress in Florence (1995).

For more than 20 years, he was on the directory 
board of the College of Physicians in Florence. He also 
showed a noticeable civic engagement, elected to the 
Florence City Council (1999-2004) and vice-president of 
the public health Committee.

He was the Author of more than 250 publications 
and co-author of several textbooks in the fi eld of Anato-
my with wide national diff usion.

His scientifi c interests were mainly focused on the 
cardiovascular system and the male genital tract. His 

studies on arterial size have been a clear landmark for 
many researchers. In 1964 Prof. Orlandini started his 
more than 40-year period of collaboration with Prof. 
Holstein, Anatomist in Hamburg, on the structure, 
function and changes of diff erent tracts of the male gen-
ital organs, always using innovative methods and paying 
great attention to the functional implications of mor-
phology.

An expert Dissector and enthusiast of the History 
of Medicine and Anatomy, he published studies on Tus-
can anatomists and the controversial fi gure of Girolamo 
Segato, whose national and international fame he signifi -
cantly contributed to enhance. For many years, he curat-
ed and increased the collection of the Anatomy Museum 
of the University of Florence.

Very clear and passionate Anatomy Lecturer, Prof. 
Orlandini was Maestro in training, profession and life. 
I had the honour of assisting him in the draft ing of 
the re-edition of Chiarugi’s treatise on splanchnology 
and to have my signature on his latest publication, “Th e 
anatomical representation of the human body: from epis-
temological examples deriving from medical history to 
morphometric imaging performed with the laser scanner 
technique”.

At the end of a whole and serene life, surrounded by 
his closest aff ections, he left  us in 2022 on March 5th.

His scientifi c, cultural, didactic and high-fl ying leg-
acy to the Italian University and the International Ana-
tomical and Histological Society is immeasurable; the 
Professor is still an unsurpassed and shining reference 
for all his Colleagues and Students.

Prof. Ferdinando Paternostro
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We would like to express our gratitude to the Italian Society of Anatomy 
and Histology and this journal’s Editor-in-Chief, Prof. Dr. Domenico Ribat-
ti, for kindly granting us the opportunity to launch a special monographic 
issue dedicated to the intersection between the fi eld of morphological stud-
ies and that of radiology. Instead of limiting the scope of this issue to the 
well-studied area of “radiological anatomy”, which Italian anatomical schol-
ars know inter alia thanks to the masterful translation of Weir et al.’s “An 
Atlas of Radiological Anatomy” (Anatomia radiologica di Weir & Abrahams. 
Atlante di anatomia umana per bioimmagini, 6th edition, Edra, 2021) by V. 
Macchi, A. Porzionato, R. De Caro, we have opted to consider the additional 
applications of this fi eld. Th is proves true for sub-areas of human anatomy 
such as palaeopathology, mummy studies and bio-anthropological research. 
A mini-review by V. Papa and colleagues, for instance, examines the impact 
of the use of non-invasive radiological techniques in the study of ancient 
(naturally or artifi cially) mummifi ed bodies. An original contribution by C. 
Moraes and co-authors, instead, by re-analysing previously published tomo-
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graphic and radiographic images, endeavours to offer a 
new anatomically grounded facial approximation of the 
famous Pharaoh Tutankhamun, also critically consider-
ing previous attempts presented both in scientific jour-
nals and public venues in the past. If palaeoradiology 
can enhance our knowledge of morphology in past indi-
viduals, we should nonetheless remark how it can also 
be implemented to verify, in close collaboration with the 
discipline of toxicology, the embalming formulas that 
were used by famous embalmers to preserve bodies. A 
reflection of this very topic makes R. Bianucci and col-
leagues re-open the vexed case of the Salafia embalming 
formula by further problematising its nature and subse-
quent reception by scholars. 

As the discipline of human anatomy continues to 
evolve through time, one of the greatest lessons it never 
fails to teach its students is that by embracing comple-
mentary fields it can not only expand its disciplinary 
boundaries, but it can also increase the quality of dis-
coveries made in closely related fields, to the benefit of 
learners and teachers alike. 
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Abstract. Medical imaging allows non-invasive investigation of human remains. 
While paleoimaging is undoubtedly necessary in mummy studies, it is intrinsically 
limited in the sense that it cannot provide mummy experts with information on the 
chemical composition of the embalming substances. Th is holds particularly true for 
modern embalmed mummies (19th-20th centuries). Since the end of the 19th century, 
cadavers were arterially injected with chemicals which varied depending on diff er-
ent methods. One of those embalming methods was Salafi a’s, which was much adver-
tised in the USA. Since attempts at experimental reproduction of the Salafi a method 
are planned by our team, a re-examination of the published literature on the formula 
was made. Here we provide evidence that an error in unit conversion from gallons to 
litres occurred and that the same mistake was repeated in the majority of the published 
English literature with a single exception which went unnoticed. Furthermore, we pro-
vide English speaking embalmers and mummy scholars with the complete and correct 
translation of the original version of Salafi a’s formula. 

Keywords: medical imaging vs toxicology, embalming formula, Alfredo Salafi a, per-
fection fl uid, United States, historical sources

Paleoimaging allows the non-invasive investigation of human remains 
and is almost routinely applied in mummy studies (Loynes & Bianucci, 
2021). Th is in order to gain both anthropological and paleopathological data 
and to understand whether a corpse underwent embalming and which type 
of cavity treatment (if any) was performed. 
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In modern mummies (19th-20th centuries), medical 
imaging has allowed scholars to suppose that chemi-
cal compounds such as arsenic or mercury were used 
to embalm corpses (Panzer et al. 2014). However, the 
information retrieved is intrinsically limited by absence 
of grounded chemical evidence, which can be reached 
exclusively via toxicological analysis. Resorting to mod-
ern techniques, it is currently possible to perform paleo-
proteomics and paleometabolomics on mummified and 
embalmed bodies with no damage to the analysed speci-
men (Barberis et al., 2022). The chemical data are, then, 
compared with the available historical sources (if any) 
and with the radiological ones (Loynes et al., 2017).

In the field of mummy studies, the Human 
Embalming Project@  team is devoted to the study of 
modern embalming techniques. When feasible, attempts 
at experimental reproduction are made (Bianucci & 
Nerlich, 2022). Since 2021, we have focused on the fig-
ure of Alfredo Salafia (1869-1933), a renowned Sicilian 
embalmer who invented the “Perfection Fluid” (Galassi 
et al., 2021; Bianucci et al., 2022a-c; Bianucci et al., in 
press 2023). This embalming fluid is claimed to allow a 
cadaver to preserve in a permanent fresh state (Nerlich 
& Bianucci, 2021). Salafia embalmed the bodies of sev-
eral important Italian personages, politicians, clergymen 
and notables (Johnson et al., 1993). One of these, the 
cadaver of the Deputy and Vice-Consul of the United 
States, Giovanni Paterniti (died on the 1st of May 1911) 
is still on display at the Capuchin Catacombs of Palermo 
(Bianucci et al., 2022c) (Figure 1). 

In 1910 to gain a reputation in the American 
embalmers market, Alfredo Salafia, and his nephew, 
Achille Salomone (1879-1947) [a licensed funeral direc-
tor who had studied at The Renouard Training School 
for Embalmers – Founded in New York in 1895 by 
Auguste Renouard (https://funeraleducation.org/home/
about-aami/)] performed successful demonstrations of 
their embalming method in New York (Johnson et al., 
1993). 

In order to sell the Perfection Fluid to the American 
embalmers, Salafia and Salomone also formed the Salafia 
Permanent Embalming Method Company (20th of June 
1910). The company was registered as the Salafia Perma-
nent Embalming Method Company-Achille Salomone 
338 East 63Rd St. New York 10021 under Department 
of State Id 985, as Foreign Business Corporation entity 
type.   The trademark of the Salafia Permanent Embalm-
ing Method Co. was filed on the 16th November 1911 
[Ser. Number 59, 748 (Class 6. Chemicals, Medicines and 
Pharmaceutical Preparations); claims use since the 27th 

of October 1911] (Official Gazette of the United States 
Patent Office,1912; Galassi et al., 2021). While the trade-

mark was patented, the formula was not disclosed at the 
time. 

In May 1993, the American embalmers Johnson et 
al. described one of Salafia’s demonstrations performed 
on the 23rd of April 1910 on the unclaimed body of John 
Flinch [quoted as Robert Flinch by Quigley (Quigley, 
1998)]. He was embalmed at the Eclectic Medical Col-
lege in New York using the Salafia chemicals and pro-
cedures (Johnson et al.,1993). Flinch had died about ten 
days and had clear signs of putrefaction (black and green 
areas on the trunk, face and neck, arms, and legs). John-
son et al. (1993) wrote that the embalming procedure was 
absurdly simple, consisting solely of the injection (distally) 
of the right common artery with  a total of 15 gallons  of 
Salafia embalming fluid (Johnson et al., 1993). No blood 
drainage, cavity treatment, or secondary injections were 
resorted to. The body, unrefrigerated, was dissected in 
early November (1910), six months after embalming. At 
dissection “…all discolorations… had virtually disap-
peared…The body was well preserved, with the skin firm 
and moderately hard and dry. All tissue, including fat, 
was firm and dry. No odor of decomposition, or fecal 
odor, was present, only the chemical odor of the embalm-
ing fluid (Johnson et al., 1993). The same description was 
reported by Quigley (1998, p. 52): On April 23,1910, Prof. 
Salafia embalmed the unclaimed body of John Flinch to 
demonstrate the efficiency and simplicity of his process… 
Fifteen gallons of Salafia’s embalming fluid were injected 
(distally) into the right common artery without draining 
the blood, treating the cavities, or carrying out secondary 
injections. The body was stored but not refrigerated.

On the 22nd of  September 1910, a second embalm-
ing demonstration on the body of David Jenkins took 
place using the same procedure as in the Flinch case 
(Johnson et al., 1993). Following the content of an 
advertisement by the American Embalmers’ Associa-
tion dated to 1910, originally published in Johnson et al. 
(1993), Quigley described the embalming procedure of 
David Jenkins: A committee appointed by the New York 
State Embalmers’ Association witnessed the embalming 
of the body of David Jenkins at their annual meeting in 
Syracuse, New York.  The embalming was done by Pro-
fessor Achille Salomone by his uncle’s method. Jenkins’ 
decomposing body weighed approximately 130 pounds 
(58.9 Kg) and the surface of the abdomen was green. The 
carotid artery was raised and  six quarts of embalming 
fluid were injected, a difficult task because of arterioscle-
rosis (Quigley, 1998, p. 52).

In March 2009, Piombino-Mascali and Johnson-
Williams re-enacted the above demonstrations without 
noticing any difference: His much-advertised method 
was characterized by simplicity: one single injection into 
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the carotid artery of 15 gallons of “Salafia Perfection Flu-
id” – a chemical compound said to contain nonpoison-
ous ingredients. No other procedure generally adopted in 
modern embalming, such as blood drainage, cavity treat-
ment, or further injections appeared to be necessary.

In a second paper dated March 2009, Piombino-
Mascali et al. further revealed the rest of the Salafia’s 
secret chemical preparation which included the use of 
zinc, glycerin, alcohol and salicylic acid-many of the same 
chemicals we use today in modern embalming prepara-
tions, with the exception of zinc (Piombino-Mascali et 
al., 2009). This chemical preparation was contained in 
Salafia’s handwritten memoires whose discovery is now 
attributed to Di Cristina et al. (Di Cristina et al., 2007; 
Galassi et al., 2021). 

Following the English version of the formula pub-
lished in 2009 by the Sicily Mummy Project team the 
Perfection Fluid was composed of one part glycerin, one 
part formalin saturated with both zinc sulphate and chlo-
ride, and one part of an alcohol solution saturated with 
salicylic acid (Piombino-Mascali et al., 2009).

If the scientific data provided by Johnson et al. 
(1993), Quigley (on the embalming of John/Robert 
Flinch, 1998) and Piombino-Mascali & Johnson-Wil-
liams (2009) were correct, the Salafia Perfection Fluid 
would have consisted of a solution of 15 gallons (1US 
gallon= 3.8 litres; 15 US gallons= 57 litres) made of 19 
litres of glycerin, 19 litres of formalin saturated with 
both zinc sulphate and chloride and 19 litres of an alco-
hol solution saturated with salicylic acid. 

It is worth noting that, while describing the 
embalming procedure of David Jenkins, Quigley wrote 
that the man, whose weight was 130 pounds (58.9 Kg), 
was embalmed using six quarts (1.5 US gallons) of the 
Salafia Perfection Fluid. 

Although a discrepancy between the number of 
gallons used in the two demonstrations could be eas-
ily identified by reading the original 1910 advertisement, 
Piombino-Mascali & Johnson-Williams (2009) still 
reported the use of 15 US gallons while referring to Sala-
fia’s demonstrations in the USA.

It is improbable that John/Robert Flinch was really 
embalmed with 15 US gallons of Salafia’s Perfection 
Fluid (57 litres per 58.9 kg) (Johnson et al., 1993; Quig-
ley, 1998; Piombino-Mascali & Johnson-Williams, 2009) 
compared to David Jenkins with 1.5 US gallons (5.7 
litres pr 58.9 Kg) (Quigley, 1998).

Bryant and Peck (2009) state that modern arterial 
embalming involves injecting chemicals (including pre-
servatives and tint) into the circulation system usually via 
the right carotid artery. The 3 to 4 gallons (1 gallon per 50 
pounds of body= 3.8 litres per 22 kg) of embalming solu-
tion is injected while the embalmer massages (and per-
haps washes) the corpse to ensure proper distribution of 
the embalming fluid. This implies that, depending on the 
weight of the corpse,  11.36 to 15.142 litres are routinely 
injected. Furthermore, modern embalmers often resort 
to  a periodic opening of the jugular drain tube to allow 
blood to escape and prevent too much pressure from build-
ing in the vascular system. However, it has been repeat-
edly stated that Salafia never resorted to blood drainage 
although, in case of need, he himself wrote that abdomi-
nal cavity treatment had to be performed by two opera-
tors (Piombino-Mascali, 2009, third edition 2012, p. 54).

Apparently, Salafia did not resort to multiple washes, 
a situation which may have justified the use of 15 gal-
lons/57 litres of embalming fluid. It should be noted that 
the injection of 57 litres of embalming fluid in a corpse 
without draining any blood would have caused bloating 
of the cadaver and disruption of the vascular system. 

It is evident that Salafia’s experimental embalming 
cannot be reproduced based on the published data in 
the English language by Johnson et al. (1993), Quigley 

Figure 1. The embalmed body of the Deputy and Vice-consul of the 
United States Giovanni Paterniti (died May 1st 1911) in a picture 
dated to the 23rd of February 2008 (Credits: Prof. Luca Sineo). 
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(1998 describing the embalming of John/Robert Flinch) 
and Piombino-Mascali & Johnson-Williams (2009). 
Therefore, the embalmers and mummy experts cited 
here must have made a unit conversion error which was 
repeated in all published English literature with the sole 
exception of Quigley’s description of the embalming of 
David Jenkins (1998).

The “15 gallons mystery” can be easily solved if 
the scattered Italian excerpts of Salafia’s memoirs pub-
lished by Piombino-Mascali (2009; third edition, 2012, 
p. 53) are carefully translated into English: the opera-
tor will check the glass container and will fill it continu-
ously before it empties in order to impede the ingress of 
air into the liquid and this (has to be done) until at least 
seven litres of embalming fluid has been introduced; and 
sometimes a higher quantity is needed: in this rare case, 
alcohol needs to be added to the glass container until the 
injection is completed [Italian translation: L’operatore avrà 
cura di sorvegliare la vaschetta di vetro, e riempirla sem-
pre, prima che si svuoti, in modo di non lasciare penetrare 
dell’aria con il liquido e ciò sino alla introduzione di alme-
no sette litri di liquido conservativo, e qualche volta occor-
rendo una quantità maggiore: caso molto raro, si aggiunge 
dell’alcool nella vaschetta e ciò fino ad iniezione completa] 
(Piombino-Mascali, 2009; third edition, 2012, p. 53).

The above paragraph indicates that Salafia used (at 
least) seven litres of embalming fluid which corresponds 
to 1.85 US gallons, not to 15 gallons. 

Furthermore, the original Italian excerpt regard-
ing the chemical composition of the formula was never 
correctly translated. Here we provide English speaking 
embalmers and mummy scholars with the original ver-
sion of Salafia’s formula (Piombino-Mascali, 2009; third 
edition, 2012, p. 55). 
A  mixture of at least 1.85 US gallons (1US gallon= 3.8 
litres; 1.85 US gallons= 7 litres) made of:
1- ca. 2.33 litres of glycerin
2- ca. 2.33 litres solution of 40% formalin saturated with 
zinc sulphate and 10% dry chloride 
3- an alcohol solution of 2.33 litres saturated with salicylic 
acid. 
First glycerin has to be added to the formalin solution 
and then the alcohol solution has to be added. The whole 
solution has to be carefully mixed, filtered and the injec-
tion of seven liters (of the embalming solution) guarantees 
the perfect sterilization of the body.

We strongly encourage the Sicily Mummy Project 
team, which is composed of both Italian and English 
native speakers, to double-check the sources so as to 
confirm this interpretation for the scientific community. 
Furthermore, we encourage, for the fifth time from 2021 
(Galassi et al., 2021; Bianucci et al., 2022a-c; Bianucci et 

al., 2023), the Sicily Mummy Project team to publish a 
complete open access version of the Salafia handwritten 
memoirs.

In case personal details are contained in the 
unpublished document and the legal owner does not 
want them to be shared with the scientific community 
(Piombino-Mascali & Zink, 2023), it would be suffi-
cient to introduce the term OMISSIS. Lastly, we express 
our concerns to the scientific board of the Paleopathol-
ogy Association (PPA) and to the World Committee on 
Mummy Studies and kindly invite them to re-analyse 
the “Salafia case” in the light of this new information.  
Free accessibility of the scientific sources to all scholars 
should be customarily provided.
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Abstract. Th is article off ers a novel and original facial reconstruction of pharaoh Tut-
ankhamun based on data published in the biomedical and Egyptological literature. Th e 
reconstruction adopts the Blender 3D soft ware, running the add-on OrtogOnBlender, 
which allows for a refi ned presentation of the soft  tissues. Th e present reconstruction is 
also compared to other approaches produced in the past. 

Keywords: anatomy, anthropology, facial reconstruction, 3D, endocast, palaeoradio-
logy, pharaoh, Tutankhamun. 

INTRODUCTION

Born Tutankhaten (the living image of Aten) in ca. 1325 BC, in the 11th

year of the reign of Pharaoh Akhenaten, his probable father, succeeded him 
under the name “Tutankhamun” at the age of 9, until his death approxi-
mately a decade later (Hawass & Saleem, 2016). His reign took place dur-
ing the 18th Dynasty, between the years 1333/1336/1356 BC-1324/1327/1346 
BC (Hawass et al., 2010, Hawass & Saleem, 2011, Rühli & Ikram, 2014). Still 
young he may have married his half-sister Ankhesenamun with whom he 
supposedly had two stillborn foetuses, one at 5-6 and the other at 9 months 
of gestation, both mummifi ed and present in his tomb, KV62, found by the 
British Egyptologist Howard Carter (1874-1939) in 1922 in the Valley of the 
Kings, Egypt (Hawass et al., 2010, Hawass & Saleem, 2011, Rühli & Ikram, 
2014, Hussein et al., 2013). 

From the fi rst autopsy, performed in 1925 to the present, the life and 
death of the young pharaoh have been shrouded in mystery, doubt, and 
speculation (Derry 1927). A series of hypotheses were raised about the phar-
aoh’s state of health, some with more robust evidence, such as a diagnosis 
of malaria and Köhler’s disease that could have contributed to the death of 
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the young man (Hawass & Saleem, 2016, Hawass et al., 
2010), to others with less to no hard anatomo-patholog-
ical evidence such as murder due to brain injury, gyne-
comastia, Fröhlich Syndrome, Antley Bixler Syndrome, 
Marfan Syndrome and even an occasional hippopota-
mus attack (Rühli & Ikram, 2014, Hussein et al., 2013). 
More complex familial neurological conditions have also 
been hypothesised linking, in particular, Akhenaten and 
Tutankhamun (Ashrafian, 2012). 

When he carried out the first analysis on Tutankha-
mun’s body, Howard Carter did not indicate what could 
be the cause of the pharaoh’s death: it was only in 1968 
that the first X-ray images were made on that body, 
revealing more data and along with these, also new 
speculations, such as the one that attributed the death 
to a possible blow to the head (Boyer et al., 2003). It was 
then in 2005 that a computed tomography scan was per-
formed on the body, bringing more internal structural 
information and, once again, highlighting the debate 
about the findings, since, if on the one hand the team 
agreed on the exclusion of the assassination hypoth-
esis, on the other hand there was no consensus about a 
possible knee fracture that could have been caused in 
a time near Tutankhamun’s death (Guardians, 2005a). 
In 2010, a new study, this time with the DNA of some 
pharaohs and family members, brought new information 
about the health status and potential family ties between 
these individuals. Thanks to this study, it was known, 
for example, that Tutankhamun suffered from malaria 
and Köhler’s disease and that he was closely related to 
Akhenaten (KV55) and to the two foetuses found in his 
tomb (Hawass et al., 2010). 

THE FACIAL APPROXIMATIONS OF TUTANKHAMUN 
(1983-2022)

Because he is a historical figure of great notoriety, 
Tutankhamun’s facial appearance (Fig. 1) has always 
been a matter of general interest, even more so because 
of his possible familial relation to Akhenaten, known 
for breaking with the old religious and artistic tenets of 
ancient Egypt, which causes fascination and perplexities 
on the part of scholars and the general public, raising 
hypotheses ranging from the aforementioned syndromes 
and conditions linked to endogamy, to sensationalist, 
unscientific extrapolations.

Precisely because of this popularity, the pharaoh’s 
face has been the target of a series of facial approxima-
tions using forensic techniques over the last few decades. 
In 1983, forensic artist Betty Pat Gatliff (1930-2020) 
reconstructed Tutankhamun’s face from a plaster skull 

moulded from radiographs taken of the skull by physical 
anthropologist Joe Young. The face was revealed during 
a meeting of the Miami Society of Egyptology and pub-
lished in Life magazine in June of that year (Sandomir, 
2020, Taylor, 2001).

In 2005 the then Secretary General of the Supreme 
Council of Antiquities of Egypt, Dr. Zahi Hawass, pre-
sented to the world the result of the work coordinated 
with three teams that individually developed three facial 
reconstructions of Tutankhamun, based on the segment-
ed skull from the computed tomography that had been 
carried out that same year. The Egyptian group was led 
by biomedical engineer Khaled Elsaid, who performed 
the reconstruction digitally with the aid of a 3D edi-
tor and was aware of the pharaoh’s identity. The French 
team, on the contrary, was led by forensic specialist 
Jean-Noel Vignal and the face was modelled analogously 
by anthropological sculptor Elisabeth Daynes. Both also 
knew that it was the young pharaoh, while the American 
team, made up of physical anthropologist Susan Antón 
and forensic sculptor Michael Anderson, carried out the 
work completely blindly, without knowing who it was 
and generating, like the French team, an analogue sculp-
ture of the face. Even though there were slight variations 
between the faces, the final result was very pleasing to 
Dr. Hawass, in his own words: “In my opinion, the shape 
of the face and skull are remarkably similar to a famous 
image of Tutankhamun as a child, where he is shown as 
the sun god at dawn rising from a lotus blossom” (Guard-
ians, 2005b).

Furthermore, Pausch and colleagues created a bidi-
mensional facial approximation of the profile of Tut-
ankhamun performed from X-ray images, with the aid 
of the MorphMan 4.0 software (Pausch et al., 2015).

Finally, in the year 2022, Andrew Nelson, segment-
ed and printed the skull of Tutankhamun, based on his 
computed tomographic scans, passing it on to the sculp-
tor Christian Corbet so that he could proceed with the 
analogue facial reconstruction. The work was presented 
in December of that year and served as the basis for a 
documentary made by the North American broadcaster 
PBS (Havis & Murray, 2022). 

MATERIALS AND METHODS

Biological anthropology is the branch of science that 
aims to study humankind and its biological characteris-
tics. Primarily performed on real anatomical specimens, 
in recent decades it has been possible to act on volumet-
ric digital records or images. Current technology allows 
producing three-dimensional material from photographs 
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and bidimensional images of CT scans, which signifi-
cantly increases the possibilities of analysis. Therefore, 
none of the conclusions of this article are final and are 
intended only to present the techniques used, as well 
as to foster new questions about this person of unique 
historical importance. For this, the analysis by digi-
tal deformation of a skull with characteristics similar 
to those recorded by the Pharaoh are proposed, a facial 
approximation using forensic techniques was also per-
formed, and analyses of the peculiar characteristics of 
the shape of this skull, as well as an approach regarding 
the brain capacity estimated by the volume of the skull 
were made. Facial approximation is an auxiliary facial 
recognition technique that uses the skull as a basis to 
approximate the face of the individual in life. The his-
tory of this technique has always been shrouded in con-
troversy (Stephan, 2003) mainly due to the difficulty 
in defining what is scientific (objective) and what is art 
(subjective) in its approach. The present work avoids the 
use of the term reconstruction, replacing it with anoth-
er one more consistent with its reality, that is, forensic 
facial approximation (Stephan, 2015), or simply facial 
approximation (FA). It is not just a question of adapt-
ing the name, but of using complementary approaches, 
based on the analysis of data extracted from living indi-
viduals, as will be explained later, in order to obtain a 
face supported by the maximum of objective references, 
leaving little room for subjective interventions by the 
researchers.

3D Reconstruction of the Skull

As mentioned above, the FA technique requires a 
skull to be made, thus the researchers sought spatial 
references for it so that it could be reconstructed in 3D. 
The team that composed this work has a broad and long 
experience in the structural reconstruction of scenari-
os from a single photo (Moraes, 2013b) and skulls from 
several photos (Moraes, 2013c) or orthographic images 
(Moraes, 2013a). Two works carried out by the authors of 
this publication used skulls modelled from the intersec-
tion of two-dimensional data (photos), such as the case 
of the pseudo-Sophocles in 2020 (Galassi et al., 2020) and 
Saint Vincent de Paul in 2022 (Moraes et al., 2022a).

Seeking a more robust and reliable base to provide 
skull structural data, the researchers searched for articles 
that offered capture data from tomographic slices and 
skull X-rays, complemented with some anthropometric 
measurements. Thus, a vast collection of X-ray captures 
was studied in the work of Boyer et al. (2003), where pro-
portions could be raised from semi-orthographic images, 
but without available scale parameters. The visual obser-
vations and measurements were adjusted by the publica-
tion of Hawass and Saleem (2016), which reported the 
general dimensions of the skull in the X and Y axes. The 
study by Habicht et al. (2021) reinforced the available 
measures, complementing with others, providing a gen-
eral adjustment for the three axes: X, Y and Z.

Two other materials, even though they are not peer-
reviewed publications, were shared by the creators who 
had access to the tomography performed on Tutankha-

Figure 1. Photograph of Tutankhamun’s head (left) and 3D skull test overlay over it. Base image credit: L0019350 A mummified human 
skull (Creative Commons): https://commons.wikimedia.org/wiki/File:Tutankhamun%27s_mummified_head.jpg
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mun’s skull and offer potential two- and three-dimen-
sional references to the skull. One of them is a video on 
YouTube ( https://youtu.be/HKnG5W7fvTc ) made avail-
able by Corbet where, at a given moment, it is possible to 
see the projection of the eyeball. Knowing that, accord-
ing to Taylor (2001)  the diameter of such a structure is 
25 mm, it would be enough to convert the pixels into 
millimeters and an important measure in the X axis can 
be found, since the deformation of perspective does not 
change the measurement in that region drastically. The 
important measure in this case is the distance between 
the frontomalar orbital points (fmo-fmo). Another even 
more precise reference is present in an article on the 
PHYS.org website (https://bit.ly/3Bqv1W0 ) about the 
same approximation performed by Corbet and Nelson 
(Havis & Murray, 2022), where there is a screenshot with 
the visualisation of the pharaoh’s skull in the axial, sag-
ittal and coronal planes, accompanied by the measure-
ments in millimeters of the frames, thus a conversion 
from pixels to millimeters would be enough to know the 
measurements of such structures.

The presence of all the aforementioned materials, 
formally published or not, demonstrates the abundance 
of data available on Tutankhamun. It is thus possible to 
join the fragmented data, in order to reconstruct three-
dimensionally, with a good degree of compatibility with 
the real anatomical structures, what would be the skull 
of the young pharaoh.

With all the data of proportions and measurements 
available, a skull resulting from the CT scan of a virtual 
donor underwent a process known as anatomical defor-
mation (to be explained below), so that the segmented 
bone structure adapted to the configurations of the skull 
of Tutankhamun, generating the model that would be 
used in the facial approximation (Fig. 1).

3D Facial Approximation 

Forensic facial reconstruction (FFR) or forensic 
facial approximation (FFA), or simply facial approxi-
mation (FA) (Stephan, 2015) is an auxiliary recognition 
technique, which reconstructs/approximates the face 
of an individual from his skull and is used when there 
is little information for the identification of a subject 
(Pereira et al., 2017). It should be noted that the tech-
nique is not about identification, such as those offered by 
DNA or comparative analysis of dental arches, but about 
recognition that can lead to subsequent identification.

The present work uses the same step-by-step 
approach discussed in Abdullah et al. (2022), starting 
with the complementation of the missing regions of the 
skull, followed by the projection of the profile and struc-

tures of the face from statistical data, generating the 
volume of the face with the aid of the anatomical defor-
mation technique and finishing with the details of the 
face, configuration of the hair and generation of the final 
images.

The modeling process was performed in Blender 3D 
software, running the add-on OrtogOnBlender (http://
www.ciceromoraes.com.br/doc/pt_br/OrtogOnBlender/
index.html) and its submodule ForensicOnBlender. 
The program and its add-on are free, open source and 
cross-platform, hence they can run on Windows (≥ 10), 
MacOS (≥ BigSur) and Linux (=Ubuntu 20.04).

In the case of this work, a desktop computer with 
the following characteristics was used:

– Intel Core i9 9900K 3.6GHZ/16M processor; 64 GB 
of RAM memory

– GPU GeForce 8 GB GDDR6 256-bit RTX 2070
– Gigabyte 1151 Z390 motherboard; SSD SATA III 960 

GB 2.5”
– SSD SATA III 480 GB 2.5”
– Water Cooler Masterliquid 240V
– Linux 3DCS (https://github.com/cogitas3d/

Linux3DCS ), based on Ubuntu 20.04.

OrtogOnBlender has cephalometry tools, for which 
it is necessary to distribute a series of anatomical points 
on the surface of the skull (S, N, A. B, t11, t21, t16, t26, 
Go R, Go L, Gn ans Me) and proceed with the calcula-
tion of the angles. The cephalometry chosen was that 
of the Universidade de São Paulo (USP) ( https://bit.
ly/3pKzP5Q ). 

RESULTS AND DISCUSSION

The results (Table 1) suggest maxillary prognathism 
(class II) and mandibular retrognathism, corroborating 
the findings of Pausch et al. (2015).

Initially, the skull was aligned to the Frankfurt 
horizontal plane and received a series of projections 
for the middle limits of regions belonging to the bones 
(distance between gonions on the X axis, nasospinale 
point on the Z axis, position of the incisors on the Z 
axis and position of the chin on the Z axis) and soft tis-
sue (eyeball positioning on the X, Y and Z axes, border 
of the nasal wings on the X and Z axes, lips on the X 
axis, eyelids on the X axis and size of the ears on the Z 
axis) (Moraes & Suharschi, 2022). The projections cover-
ing the orbit downwards show a lower region within the 
expected proportions, with the dimension on the X axis 
between the gonion slightly larger than the average pro-
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portion, but still within normal limits. The positions of 
the average and proportion of the ns point (nasospina-
le) coincided with that of the skull, the incisors as well, 
although, in general, they projected slightly downwards, 
which may indicate that the teeth are slightly larger 
than the average and projection. The mental region was 
positioned a little above the markers, indicating that the 
mandible may be smaller than the expected average/pro-
portional structure (Fig. 2A), such characteristics cor-
roborate the results of the USP cephalometry. A series of 
36 (18 symmetrical) soft tissue thickness markers, based 
on measurements performed with ultrasound in 204 
adult Egyptians, were distributed on the frontal portion 
of the face, in order to trim the limits of the skin in such 
regions (Fig. 2B). For the tracing of the nose, statistical 
data from 110 adult individuals of various ancestries 
were used. A base template for the projection is availa-
ble at OrtogOnBlender/ForensicOnBlender, based on the 
work of Moraes and Suharschi (2022). Once the projec-
tion of the nose was established, a profile line was drawn 
using the limits of the pronasal point and the soft tissue 
thickness markers as a reference (Fig. 2C). To cover the 
regions not contemplated by the soft tissue thickness 
markers and to complement the volumetric approxima-
tion, the mesh of a virtual donor, composed of the soft 
tissue, skull and endocranium, was imported and posi-
tioned in the same space as the skull of Tutankhamun 
(Fig. 2D). Structural deformations are performed on the 
mesh, in order to convert the donor’s skull into the skull 
of the individual to be approximated: as a side effect, the 
soft tissue mesh also suffers such deformation, resulting 
in a face with the characteristics of Tutankhamun (Fig. 
2E). Although the neck region did not undergo major 
changes, the most important part of the process gener-
ated a profile that was very compatible with the projec-
tion made from the soft tissue thickness markers and 
the nasal projection (Fig. 2F). As discussed in Abdul-
lah et al. (2022), the pre-configured face of another 
approximated individual is imported into the scene 

and deformed to fit the current face (Fig. 2G). Such a 
face already has hair that are adjusted according to the 
intended configuration (Fig. 2H) and the same applies to 
the material and texturing, which receives a complemen-
tary pigmentation, according to the historical data gath-
ered and the individual’s ancestry (Fig. 2I).

Two approaches related to facial approximation were 
worked on, one more objective and scientific and the 
other more subjective and artistic.

The scientific approach consisted of a bust equipped 
with elements closely linked to the statistical aspects of 
the approximation and, since the initial stage of the pro-
cess was composed only of data collected from CT scans 
and measurements of living individuals and a compatible 
population, it was possible to generate an anatomically 
coherent image. In addition, to reduce the incompatibil-
ity in the region of the orbit, images were generated with 
closed eyes, as well as to avoid speculations about skin 
tone, the color chosen was the gray scale (Figs. 3-5).

The most artistic approach consists of a colour 
image, with open eyes, eyebrows and face painting (Figs. 
6-8), based on data present in the press release of the 
approximations carried out in 2005 (Guardians, 2005b), 
where Dr. Hawass cites the JE 60723 sculpture (https://
bit.ly/3W7SaWI). Although it contains speculative ele-
ments about the individual’s appearance, as it is one 
aspect of this work that will be also presented to the 
general public, it provides the necessary elements for a 
complete humanisation, very difficult to achieve with 
just exposing the skull and deficient in the objective 
image in grayscale with eyes closed.

As mentioned above, when the structure of the vir-
tual donor was deformed, a segmentation correspond-
ing to the endocranium was also adapted to the skull of 
Tutankhamun (Fig. 9A, B), hence that it was possible to 
raise its volume to ≈1587 cm³/ml. The measurement of 
head circumference resulted in 58.45 cm.

Such data were plotted as a graph, containing the 
volume of endocrania and circumferences of the heads of 
another 40 facial approximations, resulting in 41 samples 
(Fig. 10). It is evident that in this sample the endocra-
nium, combined with the circumference of Tutankha-
mun’s head, is positioned among the largest volumes. The 
work by Neubauer et al. (2018) with the measurement of 
modern endocrania, presents a general average (men and 
women, n=89) of 1328±164 ml, therefore the endocrani-
um studied in this article is 259 ml above, corresponding 
to +1.58 SD. The volume of the endocranium is different 
from the volume of the brain, so that, in order to identify 
a factor to be used for the conversion, the virtual donor’s 
brain was reconstructed directly from its computed 
tomography, with the aid of semi-automatic and manual 

Table 1. Acronyms based on craniometric points are summarised at 
this link: https://bit.ly/3pKzP5Q .

Angle Result (°) Observation

Maxillary occlusion 22.03 10 degrees above normal
SNA 87.91 Maxillary prognathism (Class II)
SNB 79.24 Mandibular retrognathism
ANB 8.67 Skeletal class II
SNGn 70.62 Clockwise rotation of the mandible
Mandibular plane 34.73
SNGoGn 36.81 Vertical growth trend
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segmentation tools in the free, open source and cross-
platform software Slicer 3D (https://www.slicer.org/), 
using as a reference the structure presented in the work 

by Ritchie et al. (2018). According to the calculations 
raised, the volume of the brain is 9.81% smaller than that 
of the endocranium, so if the endocranium resulted in 

Figure 2 A-I Steps of the forensic facial approximation process.
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1587 cm³, the brain would have a volume of 1431.21 cm³. 
Knowing that the average for men (n=2466) is 1233.58 
cm³, Tutankhamun’s brain is 197.73 cm above it, there-
fore, at +2.01 SD, a significantly large brain volume.

When observing the population cluster (Moraes et 
al. 2022b), based on midface measurements (fmo-fmo, 

ec, G and N), it can be seen that the skull of Tutankha-
mun has more affinity with the population of artificially 
remodeled skulls (Fig. 11), which can be explained by its 
atypical structure.

Figure 3. Objective version - 3/4 view face.

Figure 4. Objective version – face profile.

Figure 5. Objective version - frontal face.

Figure 6. Coloured version – 3/4 face.
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CONCLUSIONS

This new facial reconstruction of Tutankhamun 
adds to the body of Egyptological and anatomical-
anthropological literature on the famous pharaoh and 
can be of help to both fields of research by highlighting 

the possibility of a new modelling technique based on 
the use of digitised graphic information.
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Abstract. Mummies are the well-preserved remains of humans or animals in which 
non-bony tissue has been maintained naturally or artifi cially. Th eir signifi cance lies 
in their contribution to paleopathological research, which involves understanding the 
history and evolution of diseases and providing insights into past populations’ cultur-
al and social practices. In recent years, mummies studies used nondestructive meth-
ods, including modern imaging techniques, to assess the main pathological features of 
these unique human remains. Th is mini-review focuses on the role of paleoradiology 
in mummies’ studies and describes the history of mummy radiography and CT scan-
ning over the last fi ft een years. Th e search strategy was conducted between January 
and April 2023. One thousand one hundred twenty-four records (1124) were initially 
identifi ed, and 52 studies were assessed for qualitative synthesis. Th ree main themes 
and four subthemes were identifi ed, providing a general overview of the role of paleo-
radiology or off ering methodological guidelines. Also, subthemes assessed the role that 
the use of radiology has in the diagnosis of specifi c pathologies. Th erefore, imaging 
techniques in ancient human remains might help understand the history and evolution 
of past and present diseases and their risk factors. 

Keywords: computed tomography, magnetic resonance, paleoradiology, radiography, 
mummies, paleopathology, review.
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INTRODUCTION  

The word “mummy” has a fascinating history that 
evolved over time. Initially, it was used to describe a 
black, tarry substance that was thought to have heal-
ing properties. This substance, first reported by Pliny 
the Elder (AD 23-79), the Roman scholar, was called 
“múmiyá” by the Persians, likely because it resem-
bled wax, which the Arabs called “mum” (Aufderheide, 
2003). Moreover, bitumen and asphalt, inducing dehy-
dration, have been utilized by the ancient Egyptians 
in their mummification procedures and resulted in the 
dark or blackened appearance of the mummies’ skin. 
Therefore, substituting this black, crystalline resin found 
in mummified Egyptian bodies for bitumen in medi-
cine was made possible due to its chemical similarity in 
later centuries (Monge and Rühli, 2015). Consequently, 
the term “mumiyá” was extended to include these res-
ins and to describe embalmed bodies. Moreover, in 
the eighteenth century, its clinical efficacy was demon-
strated to be due to the desiccated, light-brown muscle 
fragments discovered in mummies’ resin (Lynnerup, 
2010). This evidence resulted in the word “mummy” 
being used to refer to any form of mummified human 
remains, including preserved non-skeletal tissues of the 
human body. Typically, soft tissue preservation happens 
when natural circumstances or human interventions, 
such as mortuary practices that might mimic environ-
mental conditions, hinder taphonomic processes (Lyn-
nerup, 2007). Furthermore, the outcome of soft tissue 
preservation varies greatly due to the collagen levels in 
the matrix. Generally, muscles and tendons are the soft 
tissues most commonly preserved. At the same time, 
organs of the digestive system are often entirely decom-
posed, and their description might anyhow be chal-
lenging due to their desiccation. Also, funerary rites 
might involve embalming and evisceration procedures 
and completely remove internal organs and the brain 
(Lynnerup, 2010). The study of mummies began in the 
late 18th century and has been intimately linked to the 
paleopathology of non-bony tissues. Its evolution has 
been substantial, and it is currently utilized to inves-
tigate the history, change, and patterns of disease in 
past populations. Although recent concerns have been 
raised regarding methodological accuracy, reliability 
(O’Brien et al., 2009; Cox, 2015), and even ethical issues 
(Kaufmann and Rühli, 2010; Kreissl Lonfat et al., 2015), 
mummies’ studies have undeniably experienced con-
sistent growth over the past 50 years (Nystrom, 2018). 
From the beginning of mummy research, unwrapping 
and opening mummies’s body cavities has been a stand-
ard procedure, and autopsies were often performed on 

Egyptian mummies. Nevertheless, there is  no doubt 
that being an invasive and destructive procedure, an 
autopsy undermines the integrity of the mummy as an 
archaeological and cultural-historical specimen. Moreo-
ver, when handling human remains, ethical, moral, and 
even religious issues arise since mummies, like body 
donors, are not merely research material (Shin and 
Bianucci, 2021). They do have to be considered human 
beings and have to be treated accordingly, including 
acknowledging and honoring their religious beliefs and 
burial traditions. (Holm, 2001; Lynnerup, 2009; Papa 
and Vaccarezza, 2013; Papa et al., 2022). Consequently, 
in more recent years, the trend in mummies studies 
has shifted to a clinical and medical approach based on 
nondestructive methods, including especially modern 
imaging techniques such as radiography (X-rays), com-
puted tomography (CT scan), and magnetic resonance 
imaging (MRI) David and Tapp, 1984; Aufderheide, 
2003; O’Brien et al., 2009; Cox, 2015) [1, 5]. 

Standard radiographies are non-invasive tech-
niques commonly used to examine the internal struc-
tures of mummies. First discovered by William Röntgen 
(1845 –1923) in 1895, X-rays were then used by Petrie 
and Moodie, who, in 1931, published the first system-
atic analysis of a mummy collection based on radiog-
raphy (Lynnerup, 2010). Furthermore, these techniques 
are used for both archaeological and medical purposes, 
such as studying amulets within mummy wrappings 
and estimating age and sex based on skeletal features, 
whenever possible. Other pathological signs eventually 
diagnosed by X-rays include diseases affecting skeletal 
or calcified structures, such as arthritis, atheroma, bone 
fractures, and infection-induced changes such as Pott’s 
disease. In more recent years, a crucial improvement in 
the accuracy of mummies studies came from the advent 
of Computed Tomography (CT) scanners that allow the 
study of 3D skeletal and soft tissues without overlapping 
juxtaposed structures as in 2D radiograms. In addition, 
computed tomography provides paleopathologists with 
a sectional view of a scanned body, enabling them to 
non-invasively examine mummies’ complete skeletons 
and soft tissues without disrupting their wrapping or 
encasement. Moreover, CT scans might be used to con-
firm eventual morphological similarities, prompters of 
family relationships or diseases, and putative causes of 
death (Habicht et al., 2015). Initially developed for medi-
cal imaging, CT imaging was applied to a mummy study 
two years after its development in 1975 (Cox, 2015). The 
first CT scanning of mummies was performed in 1977 
by Lewin and Harwood-Nash (1977) who CT scanned 
an Egyptian mummy named Nakht from the Royal 
Ontario Museum with the purpose to evaluate the mor-
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phology of the brain and eventually its pathological fea-
tures (Lewin and Harwood-Nash, 1977). Since then, CT 
has been performed on mummies for almost 40 years 
and has become an increasingly popular method in 
mummy studies in the 21st century (Harwood-Nash, 
1979). Although CT scan still represents the diagnos-
tic gold standard for mummy studies, recent evidence 
demonstrated successful application of magnetic reso-
nance with allows more effective tissue discrimination 
on ancient specimens compared to CT (Rühli, 2015). In 
addition, CT scan imaging allows 3D virtual reconstruc-
tions and the analysis on different planes.

Therefore, the aim of this study was to provide a 
short examination of the literature to evaluate how pale-
oimaging contributes to studying the history of both 
past and present diseases.

METHODS

A literature review was performed between Janu-
ary and April 2023. The steps have been assessed in the 
identification of the research question, the identification 
of relevant studies, the selection of specific studies, and 
finally, reporting of the results. The search strategy was 
designed by V.P. and E.V., validated by the senior author 
(F.M.G), and included the terms “Paleoradiology AND 
human remains OR Mummies”. It was carried out in 
PubMed (U.S. National Library of Medicine, National 
Institutes of Health, Bethesda, MD), Biomed Central 
(BioMed Central Ltd., Springer Nature, London, UK), 
Scopus (Elsevier B.V., Amsterdam, the Netherlands), 
and Google Scholar (Google Inc., Mountain View, CA) 
search engines. Inclusion criteria enclosed any article 
published in English-language and peer-reviewed jour-
nals in the last 15 years (from 2008-2023) that focused 
on the role of modern imaging techniques in the paleo-
pathology of ancient human remains and mummies. 
Titles, abstracts, keywords, and full texts were reviewed 
by two authors (V.P. and M.V.). Eventually, conflicts 
between reviewers were discussed until a consensus was 
reached, and the senior author (F.M.G.) was involved if 
needed. Afterward, the included records were screened, 
and a thematic analysis was performed. A total of 1124 
records were initially identified; after duplicate remov-
al, 332 records were further processed. Afterward, 
abstracts, keywords, and the complete reference list 
were analyzed for all articles. Only items whose abstract 
unequivocally discussed the topic were included. There-
fore, 250 records were excluded with reason, and 82 
were finally assessed for full-text screening and qualita-
tive analysis.

The Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) flowchart was 
utilized for the reporting of findings (Aromataris and 
Riitano, 2014; Moher et al., 2015; Tricco et al., 2018) [39–
41], and it is available in the Results section (see below). 
The records included in this study are listed in Table 1. 
All the authors agreed on the final number of studies 
included. Finally, the enrolment of records in the quali-
tative synthesis was made using the online Research 
Screener machine learning tool for systematic reviews 
(Chai et al., 2021). The sample in this qualitative analy-
sis was represented by the records assessing the role of 
radiological techniques in the paleopathology of human 
remains and mummies. 

Initially, the data set imported into the Research 
Screener machine learning tool was represented by the 82 
records assessed for qualitative analysis. Credibility and 
reliability were ensured by debriefing and triangulation.

After extensive discussion among team members, eight 
(n = 8) seed articles were identified (Lynnerup, 2007, 2009, 
2010; O’Brien et al., 2009; Cox, 2015; Monge and Rühli, 
2015; Nystrom and Tilley, 2019; Nystrom, 2020). Moreo-
ver, 30 missing abstracts were automatically removed by 
the tool. Therefore, a final set of 52 abstracts was further 
screened. Two reviewers (V.P. and E.V.) independently 
flagged the abstract and coded the data into themes and 
subthemes, which were discussed on a regular basis.

Themes and subthemes were generated using the 
trial version of NVivo qualitative data analysis software 
package (QSR International Pty, Ltd., Melbourne, VIC, 
Australia). Moreover, when available, non-narrative 
data were extracted, categorized, and imported to Excel 
(Microsoft Corp., Redmond, WA) for further evaluation.

RESULTS AND DISCUSSION

The authors extensively discussed the foundations 
of their query. Moreover, they reviewed the pools to 
ensure they were consistent with the research question. 
Any further discrepancy was discussed to minimize 
bias. The authors will address three main themes and 
four subthemes that were used to analyze the included 
records. Moreover, non-narrative data were analyzed in 
terms of type of publication (letter to the editor, origi-
nal research, review, etc.), and the radiological technique 
that was utilized. Fifty-two records (n=52) were finally 
included in the qualitative synthesis. Of those, twenty-
eight (n=28; 53,8%) were categorized as original articles, 
18 (34,6%) as reviews, 2 (3,84%) as letters, 1 (1,92%) as 
an editorial, 1 (1,92%) as a perspective, 1 (1,92%) as a 
note and 1 (1,92%) as a brief report. With regards to the 



26 Veronica Papa et al.

radiological technique that was used or discussed, CT 
scan was most widely exploited (n=28; 53,8%); X-rays 
were utilized and appraised in 7 studies (n=7; 13,46%); 
ultrasound and magnetic resonance in 2 studies each 
(n=2; 3,77%). Only one study (n=1;1,92%) used a combi-
nation of CT scans and X-rays, while in 12 (n=12; 23%) 
studies, this sorting criteria was not applicable. Three 
main themes were identified: the first related to a general 
review assessing the role of paleoradiology in mummies 
studies, the second containing methodological guide-
lines, and the third related to the ability of paleoradiol-
ogy to diagnose or review specific pathologies in mum-
mified remains. From the latter, three subthemes were 
further identified. They were related to specific diseases 
such as cardiovascular diseases, bone of spine diseases, 
and infectious, cancer and other diseases. 

Themes and subthemes have been included in Table 
1. Additionally, a f lowchart depicting the ‘Reporting 
items for systematic reviews’ adapted from the ‘Preferred 
reporting items for systematic reviews (PRISMA)’ state-
ment has been provided. Please refer to Figure 1 below 
for the flowchart.

Paleoradiography has been widely acknowledged 
as a crucial non-invasive method for studying ancient 
human remains (Lynnerup, 2007, 2009, 2010; O’Brien et 
al., 2009; Beckett, 2014; Cox, 2015; Lynnerup and Rühli, 
2015; Moissidou et al., 2015; Rühli, 2015, 2015; Garvin 
and Stock, 2016; Giovannetti et al., 2016, 2022; Habicht et 
al., 2016; Licata et al., 2019; Nystrom, 2020), and several 
guidelines have been issued on its use (Panzer et al., 2015, 
2017, 2018, 2019; Tanti et al., 2021). Moreover, Cramer 
and coworkers (Cramer et al., 2018) performed a system-
atic review to summarize artificial changes and detect-
able paleopathologies diagnosed by CT scans. Although 
the systematic review only included published records 
in PubMed, the authors demonstrated that CT analyses 
might be used to confirm previous conventional stud-
ies of paleopathologies and eventually identify traumatic 
injuries. Moreover, consistent with other findings (Jack-
owski et al., 2008; Panzer et al., 2010; Öhrström et al., 
2021), the authors demonstrated the prevalence the typical 
destruction of the nasal skeleton due to the removal of the 
brain and identified traumatic fractures as well as chronic 
degenerative changes of skeletal bones and arteriosclerosis 
were reported in a subfraction. Finally, general consensus 
has been expressed in favor of using three-dimensional 
visualization in mummy studies. It is also worth mention-
ing that 14 records evaluated the presence of skeletal dis-
eases (Jackowski et al., 2008; Panzer et al., 2010; Dalchow 
et al., 2012; Schamall et al., 2012; Schmidt et al., 2013; 
Saleem and Hawass, 2014; Fritsch et al., 2015; Márquez 
et al., 2015, 2015; Piombino-Mascali et al., 2015; Villa et 

al., 2015; Traversari et al., 2016; Beckett et al., 2020; Yat-
sishina et al., 2020; Öhrström et al., 2021), although some 
of them were heavily criticized (Beckett et al., 2020, Bia-
nucci et al., 2021a, Bianucci et al., 2021b, Bianucci et al., 
2021c). Of note, the majority of the records categorized 
in this subtheme, described and evaluated common and 
uncommon bone pathologies while Fritch and coworkers 
described severe rotator cuff arthropathy and rotator cuff 
impingement (Fritsch et al., 2015). The authors conducted 
a study on 52 ancient Egyptian mummies to determine 
the occurrence of orthopedic diseases. They systemati-
cally reviewed orthopedic diseases observed on CT scans 
of ancient mummies and demonstrated a higher frequen-
cy of osteoarthritic changes in the spine than in the large 
joints. Moreover, these authors reported for the first time 
a case of Perthes disease, the juvenile aseptic necrosis of 
the hip, and diagnosed severe rotator cuff arthropathy 
and rotator cuff impingement. 

Seventeen records evaluated chronic, infectious, or 
neoplastic diseases. Cardiovascular diseases were dem-
onstrated in 10 studies (Allam et al., 2011; Chandrashek-
har and Narula, 2011; Thompson et al., 2013, 2014; Clarke 
et al., 2014; Wann and Thomas, 2014; Wann et al., 2015; 
Gabrovsky et al., 2016; Panzer et al., 2021; Herrerín et al., 
2022), while 7 (Friedrich et al., 2010; Hussein et al., 2013; 
Lacout et al., 2016a, 2016b; Herrerin et al., 2018; Ventura 
et al., 2021) assessed the aforementioned pathological con-
ditions. Today, CVD represents the leading cause of death 
worldwide in both men and women, accounting for at 
least one‐third of all deaths in women and half of deaths 
in women over 50 years in developing countries (Vacca-
rezza et al., 2020). Although atherosclerosis was first iden-
tified in the mummy of an elderly Egyptian woman in 
1852 and diagnosed in ancient in a calcific aortic athero-
sclerosis, it is still often wrongly thought to be a disease 
of the modern era, related to contemporary lifestyles, diet, 
environmental factors, and chronic inflammatory diseases 
(Thompson et al., 2013; Wann and Thomas, 2014). Nev-
ertheless, CT scans on ancient mummies clearly demon-
strated that atherosclerosis was prevalent even in ancient 
populations and suggested that this disease was present 
and commonplace in ancient Egypt. Therefore, challeng-
ing questions arise about the nature and extent of human 
predisposition to the development of atherosclerosis. 
Furthermore, ancient human populations had a differ-
ent range of diets and lifestyles;  thus, the incidence of 
atherosclerosis in these populations cannot be explained 
by traditional and modern risk factors. Instead, inhaling 
cooking fire smoke and chronic infection or inflamma-
tion is likely to have been crucial in developing athero-
genic plaques in ancient populations. In 2016, Gabrovsky 
et al. (Gabrovsky et al., 2016), suggested that the chew-



27Discover the anatomy of the mummies: how imaging techniques contribute to understanding disease in the past

Table 1. List of the included records: the table details the main features of the included records: authors, type of the study, keywords, coun-
try, and eventually, the radiological technique that has been appraised. The indication of theme and subthemes has been provided. Abbre-
viation: DVI, disaster victim identification; MDCT, multidetector computed tomography; CT scan, computer tomography scan; aDNA, 
ancient DNA; TIRADS, thyroid imaging reporting and database system; CVD, cardiovascular disease(s).

Study details Title Type of 
study Key words Radiological 

technique Theme and subtheme

Allam AH et al. JACC: 
Cardiovascular imaging  
(2011)

Atherosclerosis in Ancient 
Egyptian Mummies

Original 
Article Not available CT scan Specific pathologies-

CVD

Beckett RG. Forensic 
Imaging (2014)

Paleoimaging: a review of 
applications and challenges Review

Paleoimaging; bioarchaeology; 
paleoradiology; endoscopy; 

mummies
Not available General review

Beckett RG et al. Forensic 
Imaging (2020)

A paleoimaging study of 
human mummies held in 

the mother church of Gangi, 
Sicily: Implications for mass 

casualty methodology

Original 
Article

Paleoimaging; paleopathology; 
mass casualty; DVI 

Sicily
X-Rays Specific pathologies-

skeletal system

Chandrashekhar Y 
and  Narula J. JACC: 
Cardiovascular Imaging 
(2011)

Medical Imaging: The New 
Rosetta Stone Editorial Not available Not available Specific pathologies-

CVD

Clarke EM et al. Journal of 
Cardiology (2014) 

Is atherosclerosis 
fundamental to human 

aging? Lessons from ancient 
mummies

Review
Mummies; atherosclerosis; 

aging; paleopathology; coronary 
artery disease

Not available Specific pathologies-
CVD

Cox SL.The Anatomical 
Records (2015)

 Critical Look at Mummy 
CT Scanning Review Mummy; CT scan; 

paleopathology CT scan General review

Cramer L et al. Current 
Problems in Diagnostic 
Radiology (2018)

Computed Tomography–
Detected Paleopathologies in 
Ancient Egyptian Mummies

Review Not available CT scan General review

Dalchow CV et al. Eur Arch 
Otorhinolaryngol (2012)

Imaging of ancient Egyptian 
mummies’ temporal 

bones with digital volume 
tomography

Original 
Article

Temporal bone; computed 
tomography; radiology; 

paleoradiology; mummy; digital 
volume tomography; middle ear

CT scan Specific pathologies-
skeletal system

Friedrich KM et al. 
European Journal of 
Radiology (2010)

The story of 12 
Chachapoyan mummies 
through multidetector 
computed tomography

Original 
Article

Chachapoyas 
Peru; mummies; computed 

tomography; MDCT
CT scan Specific pathologies-

other diseases

Gabrovsky AN et al. 
International Journal of 
Cardiology (2016)

Paleopathology of 
cardiovascular diseases in 

South American mummies

Original 
Article

Mummies;South America; 
atherosclerosis; cardiomegaly; 

coca leaf
X-Rays Specific pathologies-

CVD

Garvin HM and Stock 
MK. Academic Forensic 
Pathology (2016)

The Utility of Advanced 
Imaging in Forensic 

Anthropology
Review Not available Not available General review

Giovannetti G et al. 
Magnetic Resonance 
Imaging (2016)

Magnetic resonance imaging 
for the study of mummies Review

Mummy; paleoradiology; 
magnetic resonance; imaging; 

multinuclear spectroscopy
MRI General review

Giovannetti G et al. 
Magnetic Resonance 
Imaging (2022)

Computer tomography 
and magnetic resonance 

for multimodal imaging of 
fossils and mummies

Review

Fossil; mummy; paleoradiology; 
computer tomography; 

magnetic resonance; imaging; 
multinuclear spectroscopy

CT General review

Habicht ME et al. Yearbook 
of Physical Anthropology  
(2016)

Identifications of Ancient 
Egyptian Royal Mummies 

from the 18th Dynasty 
Reconsidered

Review

Pharaoh; ancient; methods; 
identification; CT-scan; X-ray; 
aDNA; molecu- lar genetics; 

mummy; skeleton; Thutmosis 
I–III; Amenhotep II; Thutmosis 
IV; Amenhotep III; Akhenaton; 

Nefertiti; Yuya; Thuya; Tije; 
Tutankhamun; Ay; DB 320; KV 

55; KV 35; KV 62; KV 21

Not available General review
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Study details Title Type of 
study Key words Radiological 

technique Theme and subtheme

Herrerin J et al. World 
Neurosurg (2018)

Syrinx in Spinal Cord in 
Mummified Individual from 

West Thebes (Egypt)

Original 
Article

Egypt; mummies; 
paleopathology; spinal cord; 

Syringomyelia
X-Rays Specific pathologies-

other diseases

Herrerin J et al. World 
Neurosurg (2022)

A Possible Stroke Victim 
from Pharaonic Egypt

Original 
Article Not available X-Rays Specific pathologies-

CVD

Hussein K et al. Virchows 
Arch (2013)

Paleopathology of 
the juvenile Pharaoh 
Tutankhamun—90th 

anniversary of discovery

Perspective Paleopathology; Tutankhamun; 
Akhenaten; ancient Egypt Not available Specific pathologies-

other diseases

Jackowski C et al. 
RadioGraphics (2008)

Common and Unexpected 
Findings in Mummies from 

Ancient Egypt and South 
America as Revealed by CT

Original 
Article Not available CT scan Specific pathologies-

skeletal system

Lacout A et al. American 
Journal of Roentgenology 
(2016)

Mummified Thyroid 
Syndrome

Original 
Article

Cystic-like thyroid nodule; 
doppler ultrasound; mummy; 
thyroid cancer; thyroid nodule 

shrinkage; thyroid nodule; 
TIRADS

US Specific pathologies-
other diseases

Lacout A et al. American 
Journal of Roentgenology 
(2016)

Reverse Mummified Thyroid 
Syndrome Letter Not available US Specific pathologies-

other diseases

Licata M et al. Semin 
Ultrasound CT  and MRI 
(2018) 

Radiology of Mummies Review Not available Not available General review

Lynnerup N. Yearbook of 
Physical Anthropology 
(2007)

Mummies Review
Paleopathology; bog bodies; 
mummified tissue; mortuary 

practices
Not available General review

Lynnerup N. Anthrop. Anz 
(2009)

Methods in mummy 
research Review Bog bodies; mummified tissue; 

natural sciences in archaeology Not available General review

Lynnerup N.Gerontology 
(2010)

Medical Imaging of 
Mummies and Bog Bodies – 

A Mini-Review 
Review

Mummy; bog body; 
paleopathology; CT scan; 

radiography
Not available General review

Lynnerup N and  Ruhli 
F. The Anatomical record 
(2015)

Short Review: The Use of 
Conventional X-rays in 

Mummy Studies 
Review X-rays; attenuation; mummies X-Rays General review

 Marquez S et al. The 
Anatomical  record (2015)

CT Examination of Nose 
and Paranasal Sinuses of 
Egyptian Mummies and 
Three Distinct Human 

Population Groups: 
Anthropological and 
Clinical Implications

Original 
Article

Nose; paranasal sinuses; frontal 
sinus; maxillary sinus; nasal 

complex; Egyptian mummies; 
CT examination

CT scan Specific pathologies-
skeletal system

Moissidou D et al. BioMed 
Research International 
(2015)

Invasive versus Non 
Invasive Methods Applied to 
Mummy Research: Will This 
Controversy Ever Be Solved? 

Review Not available Not available General review

Nystrom KC.  International 
Journal of Paleopathology 
(2020)

Advances in paleopathology 
in context: A focus on soft 

tissue  paleopathology
Review South America; mummies; 

mummy studies Not available General review

O’Brien JJ et al. 
International Journal of 
Osteoarchaeology (2009)

CT Imaging of Human 
Mummies: A Critical 

Review of the Literature 
(1979–2005)

Review
Paleoradiology; imaging; 

human mummies; computerised 
tomography; critical review

CT scan General review

O Fritsch K et al. The 
Anatomical  Record (2015)

The Orthopedic Diseases of 
Ancient Egypt

Original 
Article

Orthopedic conditions; ancient 
Egypt mummies; CT scanning CT scan Specific pathologies-

skeletal system
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Study details Title Type of 
study Key words Radiological 

technique Theme and subtheme

 Ohrstrom LM et al. Plos 
One (2021)

Radiological and histological 
findings in ancient salt 
mummies from the salt 
mine of Douzlākh, Iran 

Original 
Article Not available CT scan Specific pathologies-

skeletal system

Panzer S et al. 
RadioGraphics (2010)

Radiologic Evidence 
of Anthropogenic 

Mummification in the 
Capuchin Catacombs of 

Palermo, Sicily

Original 
Article Not available X-Rays Specific pathologies-

skeletal system

Panzer S et al. Fortschr 
Röntgenstr (2017)

Checklist and scoring 
system for the assessment 

of soft tissue preservation in 
CT examinations of human 

mummies: application to the 
Tyrolean iceman

Original 
Article

Mummy, computed tomography, 
checklist, organ preservation, 

paleoradiology
CT scan Guidelines

Panzer S et al. International 
Journal of Paleopathology 
(2018)

CT checklist and scoring 
system for the assessment 
of soft tissue preservation 

in human mummies: 
application to catacomb 

mummies from Palermo, 
Sicily

Original 
Article

Computed tomography; 
paleoradiology; mummy; soft 
tissues preservation;checklist

CT scan Guidelines

Panzer S et al. International 
Journal of Paleopathology  
(2019)

How to CT scan human 
mummies: Theoretical 

considerations and examples 
of use 

Original 
Article

Paleoradiology; computed 
tomography; mummy CT scan Guidelines

Panzer S et al. Plos One 
(2020)

Checklist and scoring 
system for the assessment 

of soft tissue preservation in 
CT examinations of human 

mummies

Original 
Article Not available CT scan Guidelines

Panzer S et al. International 
Journal of Paleopathology  
(2021)

Correlation of 
atherosclerosis and 

osteoarthritis in ancient 
Egypt: A standardized 

evaluation of 45 whole-body 
CT examinations

Original 
Article

Egyptian mummies; 
arterial calcifications; 

cardiovascular disease; 
degenerative joint disease; 

paleoradiology;paleopathology

CT scan Specific pathologies-
CVD

Panzer S et al. International 
Journal of Paleopathology  
(2022)

Radiological evidence 
of purulent infections in 
ancient Egyptian child 

mummies

Original 
Article

Multidetector computed 
tomography; abscess; infectious 

disease; paleoradiology; 
paleopathology; ancient 

Egyptian medicine

CT scan Specific pathologies-
other diseases

Piombino-Mascali  D et 
al. The Anatomical record 
(2015) 

Paleoradiology of the Savoca 
Mummies, Sicily, Italy 

(18th–19th Centuries AD)

Original 
Article

Mummies; paleoradiology; 
paleopathology; social status; 

Italy
X-Rays Specific pathologies-

skeletal system

Ruhli FJ. The Anatomical 
Records (2015)

Short Review: Magnetic 
Resonance Imaging of 

Ancient Mummies
Review

Radiology; computed 
tomography; mummy; paleo- 

pathology; soft tissue
MRI General review

Saleem SN and Hawass Z. 
Arthritis & Rheumatology 
(2014)

Ankylosing Spondylitis or 
Diffuse Idiopathic Skeletal 

Hyperostosis in Royal 
Egyptian Mummies of 

the 18th–20th Dynasties? 
Computed Tomography and 

Archaeology Studies

Brief Report Not available CT scan Specific pathologies-
skeletal system



30 Veronica Papa et al.

Study details Title Type of 
study Key words Radiological 

technique Theme and subtheme

Schamall D et al. Wien Med 
Wochenschr (2012) 

Diagnosis of contact injuries 
in a mediaeval skeleton 

analysed by μCT and 
histology

Original 
Article

Monteggia  fracture; micro-
computed tomography; 

paleopathology; paleoradiology, 
Bone  histology

CT scan Specific pathologies-
skeletal system

Schmidt C et al. Eur Arch 
Otorhinolaryngol (2013)

Measurement and 
comparison of labyrinthine 

structures 
with the digital volume 

tomography: ancient 
Egyptian mummies’ versus 

today’s temporal bones

Original 
Article

Temporal bone; computed 
tomography; radiology; 

paleoradiology; mummy; 
digital volume tomography; 

semicircular canal; Labyrinth  
Cochlea  Standardized 

measurement

CT scan Specific pathologies-
skeletal system

Tanti M et al. Plos One 
(2021) 

Automated segmentation of 
microtomography imaging 

of Egyptian mummies

Original 
Article Not available CT scan Guidelines

Thompson RC et al. Lancet 
(2013)

Atherosclerosis across 4000 
years of human history: The 

Horus study of four 
ancient populations

Original 
Article Not available CT scan Specific pathologies-

CVD

Thompson RC et al. Global 
Heart (2014)

Computed Tomographic 
Evidence of Atherosclerosis 
in the Mummified Remains 
of Humans From Around 

the World

Review Not available CT scan Specific pathologies-
CVD

Traversari M et al. BMSAP 
(2016)

Three cases of 
developmental dysplasia 

of the hip on partially 
mummified human remains 

(Roccapelago, Modena, 
18th Century): a study of 

paleopathological indicators 
through direct analysis and 

3D virtual models

Note
Paleopathology; DDH; joint 

pathology; natural mummies; 
paleoradiology; risk factors

CT scan Specific pathologies-
skeletal system

Ventura L et al. Virchows 
Archiv (2021)

Giant cell tumor of bone 
in an eighteenth‐century 

Italian mummy 

Original 
Article

Osteoclastic giant cell–rich 
tumors; giant cell tumor; non-

ossifying fibroma; osteoclastoma; 
benign fibrous histiocytoma; 

fibrous cortical defect

CT scan Specific pathologies-
other diseases

Villa C et al. Anthropol. 
(2015)

The advantage of CT scans 
and 3D visualizations in 

the analysis of three child 
mummies from the Graeco-

Roman Period

Original 
Article

mummies; CT scan; 3D 
visualization; Graeco-Roman 

period; hyperdontia.
CT scan Specific pathologies-

skeletal system

Wann S and Thomas  GS. 
Trends in cardiovascular 
Medicine (2014)

What can ancient 
mummies teach us about 

atherosclerosis?

Original 
Article Not available CT scan Specific pathologies-

CVD

Wann S et al. JAMA 
Network Open (2019)

Atherosclerosis in 
16th-Century Greenlandic 

Inuit Mummies
Letter Not available CT scan Specific pathologies-

CVD

Yatsishina EB et al 
Crystallography Reports 
(2020)

CT-Scanning Analysis of the 
Inner Structure of Ancient 

Egyptian Mummy

Original 
Article Not available CT scan; 

X-rays
Specific pathologies-

skeletal system
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ing of coca leaves, a habitual cultural practice unique to 
South American populations might have beneficial effects 
in decreasing cardiovascular risk among ancient people 
living in South America. Moreover, Panzer et al. (Panzer 
et al., 2021), tried to correlate atherosclerosis and osteo-
arthritis in mummies from ancient Egypt. The authors 
examined the whole-body CT of 45 mummies and dem-
onstrated for the first time a possible correlation between 
these diseases with enormous and increasing impacts 
on public health. The association of atherosclerosis and 
osteoarthritis was found to be comparable in prevalence 
to those reported in recent clinical studies, despite the 
low life expectancy and the different environments and 
lifestyles of the ancient Egyptians. More recently, study-
ing an ancient female mummy, Herrerın and coworkers 
(Herrerín et al., 2022) reported the earliest known case 
of hemiparalysis due to a cerebral stroke, while in previ-
ous years the first paleopathological case of stroke was 
identified by Galassi and colleagues also thanks to CT 
scan imaging (Galassi et al., 2017, Nerlich et al., 2021). A 
case of osteoma was reported by Friedrich and cowork-
ers, who assessed the anthropological and paleopatho-
logical features of 12 Chachapoyan mummies (Friedrich 
et al., 2010). More recently, Lacourt and coworkers high-

lighted the sonographic characteristics of thyroid tumors 
in mummified tissue (Lacout et al., 2016a, 2016b). Finally, 
Panzer et al. (Panzer et al., 2022) were the first to describe 
radiological evidence of purulent infection and skin 
lesions in ancient Egyptian child mummies.

CONCLUSIONS

According to Monge and coworkers “The raison 
d’etre for the scientific study of mummies is to under-
stand the evolution of health and disease in previous 
or extinct populations of humans” (Monge and Rühli, 
2015). From this perspective, paleoradiography repre-
sents a valuable and crucial non-invasive method to 
study a broard range of ancient disease and to review 
modern-day beliefs.
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Abstract. Bisphosphonate-Related Osteonecrosis of the Jaw (BRONJ) is a pathologi-
cal condition observed in patients underwent oral surgical procedures during bispho-
sphonates treatment. Although several studies have focused on the BRONJ, the exact 
pathophysiological pathways remain still unclear. In this study we aimed to observe 
the eff ects of the low-dose bisphosphonates administration on mandibular bone of rats 
with and without mini-implants application. For this study we used 28 male Wistar 
rats, divided in in two groups: 1) control group, treated with saline solution (n = 14 
rats); 2) ZA group, treated with low dose zoledronic acid (n=14 rats). Aft er 6 weeks of 
treatment, the half of each group underwent mini-implant application. All rats were 
sacrifi ced and their mandibles were analyzed by light microscopy and scanning elec-
tron microscopy (SEM). Our data have shown a healthy bone tissue of control group 
both with and without mini-implant application. In the treated group empty osteocyte 
lacunae have been observed and they slightly increase in rats with mini-implant appli-
cation. Although that, no bone exposition has been observed. By that, during low dose 
zoledronic acid treatment we can observe the presence of empty osteocytes lacunae, 
also called “primary lesion”, that not seem to be suffi  cient alone to determine osteone-
crosis of the jaw spontaneously or even aft er mini-implant application.

Keywords: mandibular bone, osteonecrosis, bisphosphonate, mini-implant, osteocytes 
lacunae.

1. INTRODUCTION

Bisphosphonates (BPs) is a category of drugs that are widely used in vari-
ous pathological conditions such as hypercalcemia associated with malig-
nancy, Paget’s disease, Gorham-Stout syndrome, lytic bone metastasis, breast 
cancer and for treating osteoporosis [1-9]. Th is category of drugs plays a role 
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in regulating bone cells behavior acting directly on bone 
remodeling. On the basis of their chemical properties 
are divided into two groups: no nitrogen-containing 
and nitrogen-containing BPs [10-13]. The non-nitrogen 
group, such as etidronate and clodronate, is mainly used 
for metabolic disorders. The nitrogen-containing BPs, 
such as zoledronate (ZA) and pamidronate, are the gold 
standard for neoplastic bone diseases [14]. 

Although the use of BPs determines positive effects 
in various pathological conditions, their use could be 
associated to high risk of jaw or maxillary bone necro-
sis; more often it could involve in osteonecrosis of the 
jaw (ONJ). The ONJ in a very low percentage of cases 
could occur spontaneously while in the most cases it is 
triggered by certain factors such as the use of zoledronic 
acid [15], the cumulative dose of bisphosphonates, den-
toalveolar surgery [16-19] or trauma [20]. According to 
Advisory Task Force on Bisphosphonate-Related Oste-
onecrosis of the Jaws (BRONJ), osteonecrosis is com-
monly described as exposed jaw bone condition with-
out heal within 8 weeks after identification in patients 
undergoing treatment with BPs and without irradiation 
therapy to the craniofacial region [21].

Despite the BRONJ is a severe condition, especially 
in cancer patients, the exact pathophysiological mecha-
nisms are still unknown; for these reasons, it is neces-
sary to understand what the mechanisms are underlying 
the BRONJ to choose the best preventions and /or cura-
tion therapy. 

The most discussed hypothesis about the pathophys-
iological mechanisms of the BRONJ during BPs treat-
ment considers severe the suppression of bone turnover 
that in turn lead to necrotic bone, depending on the 
drug type, dosage and other trigger events as trauma 
application [22-28]. Our previous studies performed on 
animal model have shown that in rats treated with low 
dose bisphosphonates (zoledronic acid), the first signs 
that could lead to bone death, such as empty osteocytes 
lacunae, appear only after 30 days of treatment and we 
did not observe spontaneous bone exposure [28,29]. 
For this reason, we have hypothesized that the pres-
ence of empty lacunae may be a predisposing condition 
to the death of the bone just in case of a trauma appli-
cation. On this basis, we have repeated the experiment 
on animal model to observe the low-dose bisphospho-
nates effects on bone in which a mini-implant has been 
inserted, comparing it to rats treated with BPs without 
dental implants, to understand if the presence of empty 
osteocytes lacune during low dose zoledronate treatment 
could represent an accelerator of necrotic lesion in case 
of trauma application.

2. MATERIALS AND METHODS

2.1. Animals and inoculation

In our experiment we used 28 male Wistar rats (each 
weighing 250g. And aged 7 weeks) coming from Janvier 
Labs (Saint Berhevin, France). All the rats were placed 
in individual cages, where they had food and water ad 
libitum for the duration of the experimental phase. The 
protocol required the rats to be kept at a constant tem-
perature (22 °), under a 12-h light /dark cycle. The pro-
tocol complied with the guidelines of the European Par-
liament and of the Council on the protection of animals 
used for scientific purposes, ARRIVE (Animal Research: 
Reporting of In Vivo Experiments) [30] and Directive 
2010/63 / EU. The protocols have been authorized by 
the Ethics Committee of the University of Messina. Two 
groups of rats have been tested: 1) control group, treat-
ed with saline solution injection, (n = 14); 2) ZA group 
treated with zoledronic acid (ZA), (n = 14). The ZA group 
was treated with 0.1 mg / kg zoledronate via intraperi-
toneal injection, three times a week for 6 weeks, while 
the control group have been treated with saline solution. 
The methods and timing of the experimental phase fol-
lowed the designs of previous studies [29]. After a week 
from the end of BP and saline solution treatment, 7 rats 
for each group underwent to mini-implants applica-
tion in two sides of mandible by a surgical protocol that 
will be described below while the other 7 rats for each 
group didn’t undergo to mini-implant application. After 
4 weeks from the surgical positioning procedure, all rats 
(with and without mini-implant) were euthanized under 
general anesthesia and were perfused with 4% paraform-
aldehyde (Sigma-Aldrich) and each mandible has been 
divided into two parts, one part direct for histological 
analyses and the second part for SEM [31-34]. 

2.2. Mini-implant Positioning Technique

The placement of the mini-implants was performed 
on the rat under intraperitoneal general anesthesia 
(Ketamine 100 mg/kg, Atropine 0.4 mg/kg, Diazepam 
8 mg/kg) simulating the surgical procedures applied 
for human. A mucosa anesthesia was performed in the 
posterior mandibular region using as local anesthetics 
articaine with adrenaline diluted at 2%. The inoculums 
were performed in the periosteal region using an insu-
lin syringe with a 30gauge needle. A mucotomy was per-
formed using a blade 11, the bone was mixed at a speed 
of 1100 rpm using a 1.2 mm diameter drill bit, titanium 
mini-implant (1.5-mm diameter and 3-mm length) was 
positioned manually using a dedicated screwdriver.
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2.3. Histological preparation

Bone samples were post-fixed with 4% paraformal-
dehyde (Sigma-Aldrich) at room temperature for 4 hours 
and then rinsed in 13 M phosphate buffer (pH 7.3); sub-
sequently, they have been decalcified in ethylenediami-
netetraacetic acid (pH 7.2; Hach Company, Loveland, 
CO, USA) for 30 days, dehydrated in ethanol (from 50% 
to 100% alcohol) and embedded in paraffin. Paraffin 
block were cut in 8 um sections with the Leica RM2255 
microtome (Leica Microsystems GmbH). After coating 
the sections into lysinated slides, hematoxylin and eosin 
staining has been performed at room temperature (H&E; 
Abbey Color, Philadelphia, PA, USA) [35-38].

2.4. SEM analysis

Bone samples were post-fixed with 2% glutaralde-
hyde (Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 
in 0.1 M phosphate buffer (Sigma-Aldrich) and then they 
were dehydrated with ethanol and amyl acetate. After 
critical point dryer process (Leica Microsystems GmbH, 
Wetzlar, Germany), the fractured surfaces were coated 
with a Plasma Sciences CrC-100 Turbo-Pumped sputter-
ing system and observed using a Phenom G2 Pro scan-
ning electron microscope (Phenom-World B.V., Eind-
hoven, The Netherlands).

2.5. Statistical analysis 

We have observed 100 lacunae for ZA group and 
100 for ZA group with mini-implant. We observed 10 
lacunae taken from 10 random microscopic fields at 
20x magnification and we counted how many empty 
lacunae there were using ImageJ software. After that, 
we calculated the mean of empty osteocytes lacunae for 
ZA-group and ZA- group with mini-implant application. 
The means were compared by T-student test to evalu-
ated the possible statistically significant differences. The 
means were also turned in a percentage shown in a pie-
chart. 

3. RESULTS

3.1. H&E staining

The mandibular bones of control group (saline 
solution injections) showed the characteristics of the 
healthy bone. This compact bone was characterized by 
the presence of full osteocytes lacunae with osteocytes 
that occupy the entire space within the lacunae and full 
haversian and Volkman’s canals (Fig. 1A). The man-
dibular bone of control group (saline solution injection) 
after mini-implant applications shows a healthy bone 
tissue with full lacunae and canals with the same char-
acteristics of the bone of control group without mini-

Figure 1. Hematoxylin-eosin staining of bone tissue from rats treated with saline solution (control group) without (A) and with mini-
implant application(B). In both cases it is possible to observe a healthy tissue with full osteocytes lacunae and osteocytes that occupy most 
of the space within the lacunae. No empty osteocyte lacunae and no signs of inflammation have been observed.
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implant application; no evidence of inflammatory pro-
cesses has been observed indicating a total recovery of 
structural features after 4 weeks of trauma application 
(Fig. 1B).

In the mandibular bones of rats at 6 weeks of treat-
ment (ZA group), some empty osteocytes lacunae were 
observed among full osteocytes lacunae where the oste-
ocytes don’t occupy the entire space within the lacunae 
(Fig. 2A). 

The ZA group with mini-implants, inserted into the 
mandibular bone cortex, exhibited a slight increase of 
empty osteocytes lacunae among full osteocytes lacunae 
where the osteocytes don’t occupy the entire space with-
in the lacunae (Fig. 2B).

3.2. SEM Images

In biopsies of the mandibular bones of control 
group, the observation of the fracture surface showed 
the physiological presence of osteocytes lacunae, Haver-
sian systems and Volkmann canals (Fig. 3A). 

The bone of control group after mini-implant appli-
cation showed a full recovered tissue with full lacunae 
and canals and no evidence of inflammatory processes 
(Fig. 3B).

In rats group treated with BPs for 6 weeks (ZA 
group), the fracture surface of biopsy bone fragments 
frequently showed areas with irregularly spherical or 
elongated morphology. Moreover, empty osteocytes lacu-
nae were detected (Fig. 4A).

In ZA group with implants placement, an alteration 
of the morphological structure is visible and empty osteo-
cytes lacunae increased, compared to the mandibular bone 
of ZA group without mini-implants insertion (Fig. 4B).

3.3. Statistical analysis

Results shows that for every 10 osteocytes lacunae 
observed we find a mean of 2 and 2,6 of empty osteo-
cytes lacunae, for ZA group and ZA group with mini-
implant respectively. The T-student test showed a no sta-
tistically significant differences between the ZA without 

Figure 2. Hematoxylin-eosin staining of bone tissues from rats treated for 6 weeks with zoledronate (0,1 mg/Kg) (ZA group) without (A) 
and with (B) mini-implant application. The bone of rats without mini-implant application shows the presence of some empty osteocytes 
lacunae (A, head arrow); in several region of the bone tissue the osteocytes seem to be small and they don’t occupy the entire space within 
the lacunae (A). The bone of rats with mini-implant application shows an increased number of empty osteocytes lacune (B, head arrow). 
Zoom of empty osteocytes lacunae in the corners of A and B pictures.
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Figure 3. Scanning electron microscopy pictures of bone tissue from rats treated with saline solution (control group) without (A) and with 
mini-implant application(B). In both cases it is possible to observe a healthy tissue with full osteocytes lacunae and osteocytes that occupy 
most of the space within the lacunae. No empty osteocyte lacunae and no signs of infl ammation have been observed.

Figure 4. Scanning electron microscopy pictures of bone tissues from rats treated with zoledronate (0,1 mg/Kg) (ZA group) without (A) 
and with (B) mini-implant application. Th e bone of rats without mini-implant application shows the presence of some empty osteocytes 
lacunae (head arrow) (A). Th e bone of rats with mini-implant application shows an increased number of empty osteocytes lacune as evi-
denced by head arrow (B). Zoom of empty osteocytes lacunae in the corners of A and B pictures.
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and ZA with mini-implant application groups. We have 
turned the means in a percentage shown in a pie-chart 
(Fig. 5). 

4. DISCUSSION 

BRONJ is a severe condition that could occur in 
patients treated with bisphosphonates spontaneously 
or after trigger events; in fact, tooth extractions and 
dentoalveolar surgical procedures, such as position-
ing of dental implants, are represented as precipitat-
ing or trigger events for the manifestation of BRONJ in 
subjects receiving BPs and other antiresorptive drugs 
[39]. Although several studies have been performed on 
this severe condition, the etiopathology of BRONJ still 
remains undefined. BPs are known to have an inhibi-
tory action on bone turnover after surgical procedures 
[40]. In literature, it was observed that the incidence 
of BRONJ depends on several factors (the method of 
administration, the BPs, dose, etc.). Other factors as per-
iodontal diseases and local infection are closely linked to 
BRONJ [41]. Several authors have observed that the cases 

of BRONJ increase in patients whose route of admin-
istration is intravenous and oral. [42-43]. A study by 
Henry et al. [44] has shown how the duration of treat-
ment with BPs can lead to an adverse event. Despite 
that, it is difficult to detect early structural alteration 
that could lead to necrosis in human. For these reasons, 
the use of an experimental model seems to be neces-
sary to better understand the structural and molecular 
mechanism involved in BRONJ. Our previous studies, 
conducted on bone and gingival tissue samples taken 
surgically in the perilesional area, showed an altera-
tion of the structural architecture, with the presence of 
empty lacunae, absence of matrix and disorganization 
of the fibrillar component. Our results confirm the pres-
ence of empty osteocyte lacunae in samples treated with 
bisphosphonates without mini-implant, and show that 
in the samples with mini-implant, the number of empty 
osteocyte lacunae increases slightly [27,28]. The present 
study has been performed on animal model to evaluate 
the modification that occur during zoledronic acid treat-
ment with and without the application of trauma such as 
mini-implant insertion. For this reason, we studied two 
groups of rats: control group, treated with saline solu-
tion and ZA group, treated with zoledronic acid; the half 
of each group underwent mini-implant application. Our 
results obtained by Histological and SEM examinations 
showed that the saline solution injection doesn’t causes 
structural alteration of bone tissue both with and with-
out mini-implant applications. In ZA group, bone tissue 
structural alterations characterized by the presence of 
empty osteocyte lacunae have been observed. Moreo-
ver, we haven’t observed a statistically significant dif-
ference in empty osteocytes lacunae between ZA group 
without and ZA group with mini-implant. No cases of 
bone exposure have been observed. These results are in 
accordance with our previous study performed on rats 

Figure 5. Table that shows the means of empty osteocytes lacunae 
that we found in 10 microscopic fields both for ZA group without 
mini-implant application and ZA group with mini-implant applica-
tion. M= mean; DS= standard deviation. P>0,05.

Figure 6. Pie chart showing the percentage of empty and full osteocytes lacunae in bone tissue from rats treated with BPs (ZA group) with-
out (A) and with (B) mini-implant application.
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treated with Zoledronate for 45 days without trauma 
application [29] demonstrating that the mandibular 
bone at 7 and 15 days of treatment exhibited similar 
features to those of healthy bone while after 30 and 45 
days of treatment a structural alteration in large surface 
areas of the bone with empty osteocytes lacunae and 
a marked reduction in the number of osteoblasts and 
osteoclasts were observed with no cases of bone exposi-
tion. Moreover, the present data are also in accordance 
with Huja et al. [45] that administered a ZA dose of 0.1 
mg/kg intraperitoneally without performing extractions 
and obtained 0% of osteonecrotic lesions and Kobayashi 
et al. [46] which showed no signs of osteonecrosis (0%) 
in the jaw bones of experimental animals treated with a 
ZA dose of 0.250 mg/kg for subcutaneous administra-
tion and with extractions. Conversely, Senel et al. [47] 
detected 20% of ONJ lesions with the same dosage of ZA 
but in combination with dental extractions and Biasotto 
et al. [48] showed 100% of ONJ lesions at a ZA dose of 
0.04 mg/Kg for intravenous administration; Maahs et al 
[49] found 80% of osteonecrotic lesions at a ZA dose of 
0.6 mg/kg for intraperitoneal administration. The pre-
sent work shows at morphological level the early bone 
structural modification, such as empty osteocytes lacu-
nae, that could be involved in BRONJ. Although that, 
our data support that the existence of these histological 
features during low dose zoledronic acid treatment is not 
sufficient to determine osteonecrosis of the jaw sponta-
neously or even after mini-implant application. By that, 
the presence of empty osteocytes lacunae could repre-
sent the first morphological events, also called “primary 
lesion” from which, together with other trigger events 
and/or individual variables, osteonecrosis can occur. It 
will be interesting to perform future studies to under-
stand how the “primary lesion” can evolve during high 
dose zoledronic acid treatment.

5. CONCLUSION

Our experimental data obtained by low dose zole-
dronic acid treatment on rat show “primary lesions” 
that not lead to osteonecrosis spontaneously or after 
mini-implant application. Hence, BRONJ should not 
only be related to a unique factor, but the combination 
of more factors and more variables would make patients 
more susceptible to BRONJ. In fact, the bone necrosis 
and exposure could also depend on long term BP treat-
ment, individual variables or on concomitant oral cavity 
pathology. That seem to support the possibility of oral 
surgical intervention in those patients treated with low 
doses of zoledronic acid.
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Abstract. Th e studies on the auriculotemporal nerve in humans are limited. Howev-
er, we considered crucial to investigate the topographic relation between the auricu-
lotemporal nerve and the TMJ region that can explain some of the symptoms in 
TMDs. Th e results derived from our experience in the anatomic dissection on 16 adult 
cadaveric heads were compared with what literature describes from 1971 to 2023. Th e 
results confi rm the existence of a particular anatomic position of the ATN within the 
infratemporal fossa in direct contact with the lateral pterygoid muscle and the TMJ 
capsular region. Th erefore, there is evidence of a potential entrapment mechanism 
involving the ATN caused by an internal derangement of TMJ or a spastic condition of 
the lateral pterygoid muscle. Th rough a detailed anatomical description of the ATN the 
present study aims to off er an explanation to the main sensory and otological symp-
toms that patients with TMJ disorders oft en complaint, from facial pain and paresthe-
sias to external ear pruritus.

Keywords: auriculotemporal nerve, TMJ, pterygoid muscle.

1. INTRODUCTION

Th e auriculotemporal nerve (ATN) origins within the infratemporal fossa 
and it is in direct contact with the TMJ capsular region and the lateral ptery-
goid muscle. For these reasons we suggest the involvement of the ATN in a 
potential entrapment mechanism.  Th e ATN anatomy has been described in 
textbooks and paper as a nerve that origins form a single root that splits into 
two segments surrounding the middle meningeal artery (MMA) before reunit-
ing, such as a ‘button hole’ (Wilson 1857; Chung 1995; Netter 1997; Sinnatamby 
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1999; Gosling et al. 2002; Snell 2004). After reuniting the 
ATN runs 1) posteriorly to the the lateral pterygoid mus-
cle and between the sphenomandibular ligament and neck 
of the mandible, 2) laterally to the temporomandibular 
joint and then 3) splitting into the auricular and temporal 
components. The straight interaction of the ATN with the 
Temporomandibular Joint (TMJ) suggest the involvement 
of the nerve with some TMJ pathologies, such as potential 
entrapment mechanism. Given the close relationship with 
the aforementioned anatomical structures, it is crucial to 
define the precise origin and precise course of the nerve. 
Although that, many anatomy texts frequently provide ste-
reotyped descriptions and neglect pertinent features of the 
auriculotemporal nerve; moreover, the existent anatomi-
cal descriptions are not representative of all individual and 
ethnic variables (Toni et al. 2003, 2005). By that, the aim 
of the present report was to give a detailed description of 
the anatomy and functions of this nerve in order to attrib-
ute an etiology to the main neurosensory and otological 
symptoms associated with TMJ disorders. 

2. MATERIAL AND METHODS 

Sixteen adult cadaveric heads (32 sides) were dissect-
ed. On each side, the TMJ region was approached later-
ally. A preauricular incision was extended to the supe-
rior aspect of the temporal region; the skin, subcutane-
ous tissue, and muscle were reflected. It was performed 
an osteotomy of mandibular ramus from the mandibu-
lar angle to the sigmoid notch to expose the infratem-
poral fossa and identify the exit of the third branch of 
the trigeminal nerve at the level of the middle cranial 
fossa (foramen ovale) [3, 16]. The mandibular nerve was 
followed from its origin to the medial aspect of TMJ 
capsule. The auriculotemporal nerve was identified at 
its point of origin off the mandibular nerve and was 
observed along his course. The results derived from our 
experience in the anatomic dissection of the mandibu-
lar nerve were compared with what literature describes. 
This paper includes experimentations on human cadav-
ers approved by the local Ethics Committee (prot. n. 
33/2020 approved on 30 July 2020).

3. RESULTS 

3.1 Descriptive anatomy

The ATN arises in the infratemporal fossa from the 
posterior trunk of the mandibular nerve (V3), which is 

the third division of the trigeminal nerve (CN V). The 
mandibular nerve exits the middle cranial fossa through 
the foramen ovale and splits up into two divisions, the 
anterior and posterior trunk. The posterior trunk com-
prises the lingual, inferior alveolar and auriculotemporal 
nerve. Although many variations have been described 
about the formation and the configuration of the auric-
ulotemporal nerve, in most specimens analyzed in the 
entire literature two are the anatomical patterns that 
occur most frequently. The first one is the ATN with 
two roots that envelope the middle meningeal artery, 
the second one is the ATN with a single root. Other pat-
terns are three-, four-,and five-roots variants, but they 
are beyond our aim. Fernandes et al. (7) describe a case 
in which the ATN arises as a single root and then it 
divides into two segments that travel around the middle 
meningeal artery to rejoin again on the opposite side of 
this vessel. We had a doubt in deciding which category 
it belongs to, and because its relative high frequency we 
have thought it belongs to the first pattern. We infer 
there is no clear distinction about the pattern with two 
roots and the pattern with one root that splits up into 
two segments to become again a single trunk. A review 
of the literature revealed that the study by Baumel pre-
sents the most complete quantitative data on the ATN. 
We compared our findings with those of Baumel and 
observed no differences in the results regarding varia-
tions. ATN roots are usually long (15 mm) and when 
they converge they form a short trunk (6mm) that 
divides into a spray of branches which abruptly diverge 
(Fig 1). Moreover, roots length and trunk length are 
inversely correlated [1]. The principal named branch-
es are: the superficial temporal ramus, communicat-
ing rami with the facial nerve, nerves to the external 
acoustic meatus, the anterior auricular nerve, parotid 
branches, articular branches to TMJ, and communicat-
ing branches with otic ganglion [1].

3.2 Topographic anatomy

The roots of the ATN run postero-inferiorly beneath 
the infratemporal surface of the great wing of the sphe-
noid bone. They lie on the lateral surface of the spine of 
the sphenoid bone, in the plane between the posterior 
fasciculi of the tensor veli palatini muscle and the lateral 
pterygoid muscle. The trunk formed by the joining of 
the roots is in direct contact with the medial aspect of 
the capsular region of the TMJ.  According to Schimdt’s 
study, the horizontal distance between the nerve and the 
condyle was 0 mm in all cases at the posterior border 
of lateral pterygoid muscle. Moreover, Loughner sug-
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gested that ATN runs between fibers of the lower belly 
of the lateral pterygoid muscle (13). The nerve enters the 
parotid fascia, and then the retro-mandibular process of 
the parotid gland, and breaks up into smaller terminal 
branches. The terminal branches are mostly in line with 
the posterior border of the mandible above the bifur-
cation of the external carotid into the maxillary and 
superficial temporal arteries, regardless of the length of 
the trunk. The cluster of branches is divided into three 
sagittal levels by two arteries. The superficial temporal 
artery separates the lateral and intermediate levels; the 
deep auricular artery separates the intermediate and 
deep levels (1). 

3.3 Terminal branches and related functions

The superficial temporal ramus is the largest termi-
nal branch; it runs laterally and typically supplies fine 
twigs to the TMJ, passing posterior to it. Getting more 
superficial, it turns superiorly lying postero-medial to 
the superficial temporal artery, then diverges into ante-
rior and posterior divisions. The posterior division rises 

in front of the ear and sometimes splits up into sever-
al twigs supplying the anterior part of the external ear 
above the intertragal notch (1). The divisions ramify to 
the skin of the temporal region. It carries only general 
somatic afferent fibers (sensory fibers).

Two communicating rami with the facial nerve are 
usually present (22). Both rami pass postero-laterally 
and connect with the facial nerve near to the posterior 
border of the mandible. They join the temporofacial 
division of the facial nerve and were observed to sup-
ply the upper muscles of facial expression, i.e. frontalis, 
orbicularis oculi and zygomaticus major. According to 
Namking’s study (14), these fibers convey propriocep-
tive impulses from orbicularis oculi. This finding has 
special significance, since it has not been clearly estab-
lished which nerve carries the proprioceptive impuls-
es from the muscles of facial expression. It is believed 
that proprioception is conveyed via the same cutane-
ous nerves (i.e. branches of the trigeminal nerve) which 
innervate the skin over the muscles of facial expression 
and form multiple communications with the branches 
of the facial nerve (12). Normally, blinking occurs eve-
ry six seconds and proprioception from the orbicularis 
oculi should therefore be important for its precise action 
(14). It is possible that these fibers provide proprioceptive 
impulses from these muscles to the trigeminal nuclei of 
the brainstem. Knowledge about that may be of special 
importance for ophthalmic, oral and maxillofacial sur-
geons, as lesions of communicating rami with the facial 
nerve may compromise proprioceptive feedback and 
therefore the function of orbicularis oculi.

The anterior auricular nerve at first courses later-
ally, then turns posteriorly and runs deep to the super-
ficial temporal artery. It pierces the interval between the 
tragus and crus of the helix and supplies the skin above 
and below its point of entry (1). It carries only sensory 
fibers.

Nerves to the external acoustic meatus: deep level 
of the terminal spray is represented by two branches, 
the superior and inferior nerves to the external acoustic 
meatus that form neuro-vascular bundles with branch-
es of the deep auricular artery (1). The posteromedial 
region of the TMJ capsule receives two to four fine 
branches from the superior nerve. At the level of osse-
ocartilaginous junction of the external acoustic canal, 
both nerves enter. The superior nerve enters the canal by 
the lateral extent of the squamotympanic fissure in the 
bony incisure directly behind the postglenoid tubercle.

The inferior nerve pierces the antero-inferior part 
of the canal. Each of them gives off a medially directed 
ramus membranae tympani which basically supply skin 
of the osseous segment of the acoustic canal and the out-

Figure 1. The antero-medial disk displacement. (FO: disk displace-
ment; I: inferior alveolar nerve; AT: auricolo-temporal nerve; D: 
articular disk).
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er surface of the tympanic membrane. Th e lateral twigs 
of each nerve connect to the superfi cial temporal ramus 
and anterior auricular nerve to supply the skin lining 
the cartilaginous portion of the auditory canal. Typical-
ly, the nerve supplies the anterior and superior walls of 
the meatus, whereas the auricular branches of the vagus, 
facial, and glossopharyngeal nerves innervate the poste-
ro-inferior half of the canal (1).

Th e parotid rami are numerous terminal branches 
that provide secretomotor innervation for the parotid 
gland; they may also carry sensory fi bers from the cap-
sule of the gland and perhaps to myoepithelial cells and 
smooth muscle of the parotid gland. Parotid rami arise 
in two ways: as independent terminal branches or as 
collaterals of the major branches such as the superfi cial 
temporal ramus and the communicating rami with the 
facial nerve (1).

Th e articular rami to the posteromedial portion of 
the TMJ capsule originate from the superior nerve of the 
external acoustic meatus; the posterolateral part of the 
capsule is supplied by rami from the superfi cial temporal 
ramus (1).

Th e vascular rami carry vascular sensory fi bers from 
the vessels. Communication between the peri-arteri-
al nerve plexuses of the maxillary, middle meningeal, 
superfi cial temporal and accessory meningeal arteries 
with the ATN have been found.

Communicating rami with otic ganglion: the otic 
ganglion is commonly considered to contain cell bodies 
of postganglionic parasympathetic, secretomotor fi bers 
for the parotid gland, but also parasympathetic vaso-
dilator fi bers for the glandular vessels and motor fi bers 
for myoepithelial cells and smooth muscle of the duct 
system of the gland. Th e otic ganglion receives pregan-
glionic fi bers from the glossopharyngeal nerve via the 
tympanic plexus and the small superficial petrosal 
nerve. Th e auriculotemporal nerve, which connects to 
the otic ganglion through a communicating branch, car-
ries postganglionic parasympathetic secretomotor and 
sympathetic vasomotor fi bers for the parotid gland. In 
summary, the general visceral eff erent fi bers of the glos-
sopharyngeal nerve (CN IX), that originate in the infe-
rior salivatory nucleus, provides parasympathetic inner-
vation of the parotid gland via the otic ganglion.

4. DISCUSSION

Th e present study aimed to emphasize the exist-
ence of topographic relations in the infratemporal fossa 
for mechanical infl uence upon the ATN. Th e peripheral 
nervous system may be injured in diff erent ways such as 

nerve entrapment, especially if the nerve runs in ana-
tomical districts where nearby anatomical structures can 
compress it (20). 

One of the sites that has the potential of compress-
ing the nerves is the infratemporal fossa, a space behind 
the maxilla that contains several structures, including the 
lateral pterygoid muscle (21); these specifi c anatomical 
regions are also referred to as “points of entrapment.” (21).

Entrapment process occurs when a peripheral nerve 
is caught and subjected to persistent  mechanical trauma 
that triggers irritation and infl ammation by means of 
compression, rubbing, traction or friction (9, 30,31,32). 
At the level of the roof of the infratemporal fossa, the 
mandibular nerve exits the middle cranial fossa through 
the foramen ovale and then immediately bifurcates, in 
close association with the lateral pterygoid muscle, into 
two divisions that originate terminal branches. Th e ante-
rior division contains the anterior deep temporal, pos-
terior deep temporal, and masseteric nerves and travels 
between the roof of the infratemporal fossa and the LPM. 
Th e posterior division contains the lingual, inferior alve-
olar, and auriculotemporal nerves and descends medial 
to the LPM.  Of these, the auriculotemporal nerve is at 
greatest risk for entrapment (18, 23, 24, 25, 27). 

Because of its close anatomic relation with the lat-
eral pterygoid muscle and the TMJ capsular region 
described above, it was speculated that a spastic condi-

Figure 2: In this fi gure, the ATN is represented with two roots con-
verging in a single trunk. I, the undersigned, Maria Grazia Poerio, 
being the creator of the fi gure 2, hereby give permission to have my 
artwork submitted with this article.
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tion of the lateral pterygoid muscle or other local chang-
es in this muscle such as myositis or myofibrositis and 
an internal derangement of the TMJ, such as an anter-
omedial disk displacement (Fig. 2), could cause nerve 
compression or impingement. (13, 9).

The outstanding feature of this condition is pain, 
probably related to focal ischemia effecting the local ner-
vi nervorum, followed by paresthesias, hypesthesias, and 
dysthesias (13, 9). During jaw movements, symptoms are 
local sharp, shooting pains within the cutaneous preau-
ricular area over the condyle often spreading upward into 
the temple or along the zygomatic arch, sometimes in 
conjunction with a burning sensation in the anterior half 
of the external ear (9). Other symptoms are otalgia, char-
acterized by absence of aural pathology that radiates to 
the auricle or the temple, and itching of the external audi-
tory meatus (ear pruritus). Therefore, sensory disturbances 
affect the TMJ-ear region as well as the temporal region.  
Furthermore, secretomotor fibers innervating the parotid 
gland also may be compressed and this compression could 
result in ipsilateral impairment of salivation (20).  

Moreover, through its communicating branch, the 
ATN is strictly related to the facial nerve. For this rea-
son, ATN entrapment could lead to discomfort and 
impaired functions in the muscles that control facial 
expression because of this anatomical connection. 

These findings could offer an explanation to the sen-
sory and otological disturbances that patients with TMJ 
disorders often complaint (26, 28,29).

5. CONCLUSIONS

The anatomical study of the ATN is pivotal since it 
opens the door to attributing the right etiological mean-
ing to the symptoms reported by patients with TMJ dis-
orders so as to direct the clinician towards the correct 
diagnosis and treatment. In addition, our contribution 
aims to underline the importance of sensory distur-
bances of TMJ region in order to not overlook them as 
etiological factors in analyzing cases.  We suggest that 
knowledge about the topographic relationship between 
the TMJ and the ATN and the existence of an entrap-
ment mechanism involving the ATN may be of special 
interest for otolaryngologist and oral and maxillo facial 
surgeons as well as for dentists.
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Abstract. Horseshoe kidney (HSK), the most common type of congenital renal fusion 
anomaly, is characterized by ectopia, malrotation, and altered vascular changes. Horse-
shoe kidney in this case is atypical because of multiple ureters, arteries, and veins, as 
well as how they originated and formed. During the routine dissection of 83-year-old 
male donor who died of respiratory failure, we observed the presence of horseshoe 
kidney in which the lower lobes of the left  and right kidneys were connected by an 
isthmus below the level of inferior mesenteric artery (IMA). Furthermore, the presence 
of arterial, venous, and ureteric anomalies was also observed; these were sequentially 
dissected and are described here.

Key words: horseshoe kidney, developmental analysis, multiple vasculatures, multiple 
ureters, isthmus artery.

INTRODUCTION 

Horseshoe kidney (HSK), the most common type of congenital renal 
fusion anomaly, is characterized by ectopia, malrotation, and altered vascu-
lar changes. It consists of two normally functioning kidneys connected at 
the lower poles by an isthmus of functioning renal parenchyma or fi brous 
tissue that crosses the midline of the body (Natsis et al., 2014). In 80% of 
the cases, the isthmus contains renal parenchyma with 20% fi brous tis-
sues (Taghavi et al., 2016). HSKs are found in approximately 1 in 400-600 
adults and are more frequently encountered in males (M:F 2:1) (Yoshinaga 
et al., 2002; O’Brien et al., 2008). HSKs in children are diagnosed as part of 
a combination of malformations or other urological problems (e.g., in Fan-
coni anemia in males or in diagnosis of delayed menarche seen in Turner 
syndrome) (Tischkowitz and Hodgson, 2003; Glodny et al., 2009). Adults are 
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usually asymptomatic and diagnosis is made inciden-
tally during intravenous pyelography, standard ultra-
sound, or computed tomography (CT) scan performed 
for other reasons (Boatman et al., 1971). Anatomically, 
HSK involves three main anomalies: changes in vascular 
supply, rotation of the fetal kidneys, and abnormal posi-
tion (Yoshinaga et al., 2002). The ureteropelvic junction 
has been reported to be higher in HSK patients and their 
ureters also enter at a higher level into the renal pelvis, 
which may result in increased incidence of urinary tract 
complications (Natsis et al., 2014; Yoshinaga et al., 2002; 
Tischkowitz and Hodgson 2003; Frego et al., 2007; Ram-
kumar et al., 2009). We observed other abnormalities 
in this study, including multiple arteries, ureters, and 
venous structures.

Embryologically, developing kidneys lie close to each 
other in the pelvis; they attain their mature position in 
the lumbar region during the fetal period. This “ascent” 
results from the growth of the embryo’s body caudal to 
the kidneys. In the beginning, the hilum of each kidney 
faces ventrally; however, as the kidneys reposition, the 
hilum rotates to face medially. As the kidneys migrate, 
they are sustained sequentially by branches from the 
common iliac and abdominal aorta. This migration or 
ascent occasionally causes the kidneys to develop incor-
rectly. Ectopic kidney occurs when both kidneys fuse 
and are located in the pelvis (pancake or discoid); kid-
neys connect on each side at the lower poles (horseshoe 
kidney); kidneys remain in the pelvis (pelvic kidney); 
or both kidneys migrate to the same side (crossed renal 
ectopia) (Moore et al., 2020). 

MATERIALS AND METHODS  

Case report

For the present study, we utilized a donated cadaver 
that had been dissected and studied by the medical stu-
dents at Cooper Medical School of Rowan University. 
During the dissection of an 83-year-old Caucasian male 
who died of respiratory distress, we observed the pres-
ence of horseshoe kidney; the lower lobes of the left and 
right kidneys were connected by an isthmus below the 
level of inferior mesenteric artery (IMA). The right and 
left renal mass extended approximately between L1 and 
L3 and the isthmus was at L4 level. The presence of arte-
rial, venous, and ureteric anomalies was also observed; 
these were sequentially dissected and described.  

The authors state that every effort was made to fol-
low all local and international ethical guidelines and 
laws that pertain to the use of human cadaveric donors 
in anatomical research.  

RESULTS AND OBSERVATIONS

We measured the length of the isthmus, keeping 
the crossing of ureters anteriorly as a point of reference. 
The distance between the two ureters was 6.2 cm. The 
width varied between 2.9 cm and 4.2 cm (in the mid-
dle), depending upon where it was measured. The height 
of the kidneys was measured superiorly from where the 
suprarenal gland rested on the kidneys and the begin-
ning of the isthmus where the ureter crossed the renal 
moiety. The right and left kidneys were 11.1 cm and 12.2 
cm long respectively. The kidney lobes were difficult 
to accurately discern. Due to number of vasculatures 
and ureters entering and leaving the renal moiety, the 
hilum was inadequately defined. The ill-defined hilum 
of the kidneys turned anteriorly and a number of arter-
ies branched from the subdiaphragmatic abdominal 
aorta. To study ureters and vasculatures in detail, some 
of the renal medullary tissues were removed to expose 
and define these structures. After careful dissection of 
the renal tissues, we were able to discern the pattern of 
veins, arteries and ureters, as described below.  

Renal Veins

On the left renal moiety, a major left renal vein [a] 
from the upper lobe is drained into the inferior vena 
cava (IVC). Other smaller veins [a1-a3] from the mid-
dle and inferior lobes, as well as the isthmus, directly 
reached the IVC, going posterior to the aorta. Both a 
well-defined left testicular vein [b] and the left suprarenal 
vein [c] drained into the left renal vein. The right renal 
vein from the upper [1] and middle lobe (not labeled) of 
the kidney and the right suprarenal gland [2] drained 
directly into the IVC. A noticeably large right renal vein 
[3] received venous blood from the testicular vein [4] and 
a large venous return from the lower lobe and isthmus 
[5] drained into the right renal vein [See Figure 1]. Glod-
ny reported that the incidence of renal vein anomalies in 
horseshoe kidneys is high (23%) (Glodny et al., 2009). In 
the present case, the venous system of the HSK showed 
multiple variations, compared to what has been previous-
ly described (Nikumbh et al., 2014).

Renal Arteries

Both the left and right renal moieties, as well as the 
isthmus, were dissected to demonstrate several renal 
arteries that were clearly identified; they are listed below 
and appear in Figure 2. Additionally, the suprarenal 
artery from the right and left renal artery was dissected 
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to show their distributions to the right and left adrenal 
glands. Unfortunately, the other arteries for the adrenal 
gland could not be clearly dissected and documented.  

Right Renal Arteries

The large right renal artery [1] branched from the 
lateral aspect of the aorta below the superior mesenteric 
artery [SMA] and supplied the upper and middle lobe of 
the right renal moiety. Additionally, a branch from right 
renal artery also supplied the adrenal gland through a 
well-defined right suprarenal artery [1a]. The branch [2] 
that arose from the anterior aspect of the aorta supplied 
the middle lobe and, through a small branch, the inferi-
or lobe, as well. An arterial branch arose from the lateral 
aspect of lower part of aorta [3]; it supplied the middle 
and inferior lobe of the right kidney. A branch [4] arose 
from the anterior aspect of the lower part of aorta to 
supply the inferior lobe and isthmus. The branch [5] that 
originated from the right common iliac [RCI] artery 
bifurcated behind the isthmus to supply the inferior lobe 

and, through an isthmus artery, the isthmus, as well 
(Killen et al., 1968; Wilder et al., 1963; Cohn et al., 1969) 
[See Figure 2 - RK]. 

Left Renal Arteries

A large left renal artery [a] that originated from the 
lateral aspect of the abdominal aorta below the superior 
mesenteric artery immediately bifurcated in to a supe-
rior and inferior branch. The superior branch supplied 
primarily the upper lobe and the inferior branch sup-
plied the upper lobe and through a small branch to the 
middle lobe. Arising from the lateral aspect of the aorta 
the [b] primarily supplied the middle lobe and through 
a small branch to the lower lobe. A branch [c] that origi-
nated from the aorta inferior to the IMA provided blood 
supply to the middle lobe and through a small branch 
the inferior lobe. The large branch [d] began from the 
anterolateral aspects of the aorta branched to supply the 
lower lobe and through a well-defined isthmus artery 
[d1] the isthmus [See Figure 2 - LK]. 

Ureters

Due to the lack of well-defined hilum, dissection 
was carried out by removing much of the renal medul-
lary tissues to study the ureters in detail. This exposed 
the major calyceal system from different lobes of the renal 
mass which entered the hilum independently and contrib-
uted to formation of units of a ureter. Extrarenal calyces, 
wherein the calyces and renal pelvis lie outside the renal 
parenchyma, is one of the rare anomalies of the collect-
ing system (Raghunath et al., 2012). There is considerable 
variation in the number of renal calyces and the shape 
of the renal pelvis, but there is also a marked variation 
in the position of the renal pelvis. Thus, a pelvis may lie 
almost entirely within the sinus (an intrarenal pelvis) or 
its main portion may be a dilated sac and lie outside the 
kidney proper (an extrarenal pelvis) (Raghunath et al., 
2012). Variations in the major calyces and pelvis are more 
striking. The major calyces may pass downward for some 
distance beyond the hilum and end by joining to form 
the ureter without undergoing any obvious expansion. In 
such cases, the pelvis is absent; if the calyces dilate, one or 
two pelves may be present (Rao et al., 2012) [See Figure 3].

Right Kidney 

From the right kidney, the superior lobe calyx 
formed a large ureter [1] that joined a small ureter [2] 

Figure 1. Photograph of a detailed dissection of the venous sys-
tem of horseshoe kidney studied and presented. IVC. Inferior Vena 
Cava. The left renal moiety displayed several large and small veins 
(a, a1-3, b and c) draining into the main left renal vein. The right 
renal moiety exhibited many large and small veins numbered 1-5.
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from the middle lobe calyx. A small ureter from the 
calyx of the lower lobe [3] and a large ureter [4] from the 
isthmus joined the longitudinal ureter. In a real sense, 
1 through 4 are tributaries that united to distally form 
the ureter [Ur] proper. Unlike in a normal kidney, both 
the ureters in the HSK reported here did not lie on the 
ventral surface of the psoas muscle, but crossed the com-
mon iliac artery distally and entered the urinary bladder 
posterolaterally [See Figure 3 – RKur].

Left Kidney

From the left kidney, the superior lobe calyx formed 
a medium sized ureter [a] that joined by a medium sized 
ureter [b] from the middle lobe calyx. A medium sized 
ureter from the calyx of the lower lobe [c] and a large sized 
ureter [d] from the isthmus joined the longitudinal ureter. 
In a real sense, a through d, are tributaries that united to 
distally form the ureter [Ur] proper [See Figure 3 – LKur]. 

DISCUSSION 

The development of the kidney begins in the fourth 
week of gestation by inductive interaction between the ure-
teric bud and the metanephric blastema. The ureteric bud 
arising from the mesonephric duct gives rise to the collect-
ing tubules and the pelvicalyceal system; the metanephros 
develop into an excretory part formed by nephrons. Dur-
ing the sixth to ninth weeks of gestation, the developing 
kidney ascends due to differential growth of dorsal and 
caudal regions to reach its mature position in the posteri-
or lumbar region. During ascent, the kidneys sequentially 
receive arterial supply from iliac arteries and the abdomi-
nal aorta. During the ascent, the kidney also undergoes 
axial rotation, resulting in the hilum which is initially 
placed anteriorly, but becomes medial. Congenital renal 
anomalies can occur due to abnormalities of development, 
migration, and rotation (Moore et al., 2020). 

HSK is one of the most common renal anomalies; 
it occurs approximately 1 in 400-600 individuals and 

Figure 2. Photograph of a detailed dissection of the horseshoe kidney displaying the heterogeneity of the arterial system of right and left 
renal moiety and the isthmus studied. RK-Right Kidney, LK-Left Kidney, A-Aorta, IMA- Inferior mesenteric artery, RCI- Right Common 
Iliac artery. The right renal moiety (RK) is supplied by several large and small arteries labeled [1-4] branching from the aorta, a supra renal 
artery [1a] branching from artery 1 and a branch 5 from the right common iliac artery [1]. We observed that the isthmus was also supplied 
by a branch from artery 5 (not displayed in the photograph). The left renal moiety (LK) is also supplied by several arterial branches from 
the aorta [a-d] and a small ‘isthmus artery’ [d1] branching from d. 
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is more frequent in men than women (2:1 ratio) (Yoshi-
naga et al., 2002). No genetic or ethnic association has 
been linked with HSK, although siblings within the same 
family have been reported (Yoshinaga et al., 2002). HSK 
in adults is usually asymptomatic and discovered dur-
ing routine imaging studies conducted for other reasons. 
During the early 1900s, embryologists posited a num-
ber of theories to explain HSK. Domenech-Mateu and 
Gonzalez-Compta examined human embryos (crown-
rump lengths of 3-19 mm) from the Ballaterra Collection 
(Domenech-Mateu and Gonzalez-Compta,1988). They 
showed that there are two kinds of horseshoe kidneys: one 
wherein the isthmus is made up of material derived from 
mesenchyme and the other wherein the isthmus is com-
posed of renal parenchyma. Additionally,   they arranged 

the HSK malformations into three groups: 1) early fusion 
due to a converging course taken by the ureteric buds, 
which may force the metanephric blastemas to become 
closer and eventually merge (Arey, 1974); 2) as a conse-
quence of the relation between the metanephroi and the 
umbilical arteries during development (Lewis and Papez 
(1915); and 3) related to the association of several factors.

MECHANISM OF FUSION ANOMALIES

The exact mechanism of the development of renal 
fusion anomalies is not completely understood and 
many theories have been advanced to explain this 
abnormality (Babu et al., 2015). 

Figure 3. Photograph of a detailed dissection of the horseshoe kidney displaying the heterogeneity of the ureteric system of right and left 
renal moiety and the isthmus studied. Please note that the position of the kidney facing anteromedially medially with a poorly defined 
hilum. The right renal moiety [RK] displayed three ureteric components [1-3] and a large ureteric part from the isthmus [4], all joining to 
form the ureter [Ur]. From the left renal moiety [LK], there are four ureteric structure [a-d] joined to form the ureter [Ur].
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1. Mechanical Theory proposes that, during cranial 
migration, the kidneys pass through the fork between 
the two umbilical arteries and any positional change in 
these arteries wedge the kidneys close together, result-
ing in their fusion and in HSK. Fusion of both nephro-
genic blastemas with early arrested migration results in 
a completely fused pelvic kidney. Abnormal position of 
an umbilical artery can result in abnormal migration of 
a renal unit to the contralateral side, following the path 
of least resistance (crossed renal ectopia). 

2. Theory of Abnormal Caudal Rotation suggests 
that fusion occurs due to lateral flexion and rotation of 
the caudal end of the embryo, disturbing the relative 
position of the nephrogenic blastema and ureteric bud 
(Cook and Stephens, 1977). The distal curled end of the 
vertebral column permits one ureter to cross the midline 
and enter the opposite nephrogenic blastema or trans-
plant the kidney and ureter to the opposite side during 
ascent. Association of scoliosis with crossed renal ecto-
pia supports this theory. 

3. Ureteral Theory states that crossover is strictly a 
ureteral phenomenon with the developing ureteral bud 
wandering to the opposite side and inducing the dif-
ferentiation of the contralateral metanephric blastema; 
it is assumed that the metanephric tissue that does not 
receive a ureteric bud regresses. 

4. Teratogenic Theory posits that HSK results from 
abnormal migration of posterior nephrogenic cells due 
to teratogenic insult, forming a parenchymal isthmus 
(Doménech-Mateu and Gonzalez-Compta 1988; Tije-
rina de la Garza et al.,2009). The increased incidence of 
malignancies and other organ system anomalies associ-
ated with HSK possibly supports this theory (Nastis et 
al., 2014). 

5. Genetic Theory  suggests that genetic influence 
may play a role because some renal fusion anomalies 
have been reported to occur in identical twins and sib-
lings within the same family. It is suggested that the 
sonic hedgehog gene signal is critical for kidney posi-
tioning along the mediolateral axis and its disruption 
will result in renal fusion (Shapiro et al., 2012). McPher-
son  suggested that HSK may occur as a previously 
undescribed autosomal dominant condition (McPher-
son, 2007). Analysis of patients with Turner syndrome 
revealed that 33% of patients studied had some renal 
malformations, with HSK occurring in 7% of these, ren-
dering support to the genetic theory (Lippe et al., 1988).

The following is intended to highlight the unique-
ness of the HSK studied and presented here. These 
include the veins, arteries, and ureters with what was 
observed and how they compared and differed from the 
reports available from other studies. 

Veins

In an earlier study, Nikumbh et al. reported that two 
tributary veins, superior and inferior, that originated 
from the right hilum and formed the right renal vein 
drained into the IVC (Nikumbh et al., 2014). The right 
suprarenal vein directly drained into IVC, but the right 
gonadal vein drained into right renal vein. The left kid-
ney was drained by the left renal vein, which had four 
tributaries outside the hilum. Normally, the left supra-
renal and gonadal veins drain into the left renal vein. 
Interestingly, we also observed the presence of an “isth-
mus” vein that drained into IVC [See Figure 1]. Howev-
er, Nikumbh et al.  and Natsis et al. did not observe an 
isthmus vein (Nikumbh et al., 2014; Natsis et al., 2014). 
In the present study, we observed multiple variations of 
veins, including an isthmus vein, and their drainage pat-
tern [See Figure 1]. 

Arteries

Because of its anomalous embryologic origin, HSK 
have multiple renal arteries (Boatman et al., 1971). A 
systematic study by Graves described six basic patterns 
of arteries in HSK and, more importantly, that each 
artery supplies its own area, with no collateral circula-
tion between segments (Graves 1969). In our study, an 
accurate demonstration and description of the arteries 
was challenging, due to the lack of a well-defined hilum 
and the way multiple arteries arose not only from the 
aorta, but also from the common iliac artery to enter 
the renal moieties [See Figure 2]. Furthermore, each 
artery also supplied more than one lobe. While much 
of the arterial distribution in our case followed Graves’s 
six patterns of arteries, it also differed to some extent in 
how the arteries branched and distributed (Graves 1969).

Clinical significance

HSK has been reported to have a close relation-
ship with vascular, calyceal, and ureteral abnormali-
ties (Nastis et al., 2014).  Upper urinary tracts of HSKs 
are characterized by the great variation in their number 
and origin. Typically, calyces are located in the upper 
two-thirds of each kidney, but an external calyx or an 
independent ureter may drain the isthmus (Pawar et al., 
2018). In HSK, the fusion of the lower poles results in 
abnormal position of the ureter in the renal pelvis and 
highly placed ureteropelvic junction. Impaired drain-
age of the collecting system and associated ureteropelvic 
obstruction may predispose the patient to kidney stones 
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and hydronephrosis that is usually the result of a urinary 
tract obstruction. HSK is also common in some genetic 
diseases, such as Turner syndrome (Ranke and Saenger, 
2001) and Trisomy 18 (Cereda and Caret, 2012). Ribs do 
not protect HSK well; trauma may cause injury across the 
lumbar vertebral column (O’Brien et al., 2008). 

Clinical manifestation of horseshoe kidney

HSK is usually asymptomatic and often discovered 
as an incidental finding. When symptoms do occur, it is 
predominantly due to infection, obstruction, or stones. 
The most common finding in HSK is ureteropelvic junc-
tion (UPJ) obstruction; O’Brien estimates that up to 35% 
of HSK patients may be affected (O’Brien et al., 2008). 
UPJ obstruction can occur when a high insertion of ure-
ters into the kidney pelvis causes delayed pelvic empty-
ing. Another rare cause of obstruction can be the cross-
ing of the ureter over the HSK isthmus (Costa et al., 
2004). A diagnosis of UPJ obstruction is made based on 
a CT urography or intravenous pyelography with a typi-
cal appearance of a large pelvis with a high-riding ureter 
in the pelvis. 

CONCLUSION

HSK is the most common congenital anomaly of the 
urinary tract. These kidney fusion anomalies are mostly 
asymptomatic; however, significant symptoms, especially 
hydronephrosis, kidney stones, and infections, represent 
causes of death in HSK patients. An abnormal kidney is 
usually related to a range of anatomical changes. Vessel 
relations and supply are highly variable. Furthermore, 
horseshoe kidneys are characterized by various ureteric 
patterns. All of these abnormalities have important clin-
ical implications. The vascular and ureteral anomalies 
seen in the case presented here is especially important 
when surgery is contemplated.
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Abstract. Background: Th e glenoid cavity of scapula is quite small, which allows space 
for only limited fi xation devices. Appropriate fi xation of the glenoid component of 
shoulder is of key importance in total shoulder arthroplasty to prevent loosening, 
which is a common indication of revision surgery. Orthopedic surgeons and pros-
thetic designers must have a thorough understanding of the glenoid’s dimensions and 
shape, in order to create the fi nest feasible prosthesis. Aims and objectives: To deter-
mine the glenoid cavity index (GCI) and the form of the glenoid cavity, as well as the 
supero-inferior diameter, shortest antero-posterior diameter, and longest antero-pos-
terior diameter. Materials and methods: Th e study was conducted on 50 dry unpaired 
adult human scapulae of North Indian population obtained from GMC, Srinagar. All 
the important morphometric parameters were studied using a vernier calliper. Result: 
Supero-inferior diameter, shortest antero-posterior diameter, and longest antero-poste-
rior diameter were found to have respective mean values of 35.06 mm, 15.8074 mm, 
and 23.3814 mm. Glenoid cavity index had a mean value of 66.68. 42% of the glenoid 
cavities had an inverted comma shape, 36% had a pear shape, and 22% had an oval 
shape. Conclusion: Th e results showed that mean supero-inferior diameter of glenoid is 
about 35mm while the average prosthesis for shoulder arthroplasty in the market starts 
from 40mm. Th is suggests that while developing and fi tting glenoid components for 
total shoulder arthroplasty in the North Indian population, it may be necessary to take 
into account the smaller dimensions of the glenoid cavities.

Keywords: clinical anatomy, orthopedics, glenoid, shoulder joint.

INTRODUCTION

Th e scapula, or shoulder blade, is located in the postero-lateral portion of 
the chest wall. In the glenohumeral joint, it articulates with the head of the 
humerus and the distal end of the clavicle. Careful study of the scapula’s meas-
urement is necessary to comprehend the mechanics of rotator cuff  disease, 
total shoulder arthroplasty, and recurrent shoulder dislocation (1). Th e glenoid 
cavity, also known as the upper and lateral angle of the scapula, is a pyriform, 
shallow anterior surface for articulation with the head of the humerus (2). 
Based on the presence of a notch on the front of glenoid rim, the morpholo-
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gies of the glenoid cavity have been categorised into pear-
shaped, inverted comma-shaped, and oval-shaped cavities 
(3)(4). Th e body’s most unstable joint is the glenohumeral 
joint since it can do a wide variety of movements (5).

It has been proven that full thickness rotator cuff  tears 
are related to glenoid inclination (6). In order to compre-
hend shoulder dislocations, rotator cuff  pathology, and to 
precisely estimate the glenoid component in total shoulder 
arthroplasty, variations in the form and size of the glenoid 
cavity are crucial (6). It also plays a vital role as a prognos-
tic factor in primary gleno-humeral osteoarthritis.

Nowadays, the majority of the implants consist of a 
range of 3 to 5 sizes, with progressive increments in both 
height (superior inferior) and width (anterior posterior). 
However, all these sizes share a common radius of cur-
vature at the bone/implant interface. Based on the fi nd-
ings of anatomical investigations conducted on healthy 
(non-arthritic) glenoid articular surfaces, the sizes and 
radii of curvature of these implants were chosen (7).

MATERIAL AND METHODS

For the present study, fifty (50) dry, undamaged 
scapulae were observed in the Department of Anatomy of 
GMC, Srinagar. Bones with distinct, unaltered traits were 
used. Th e age and sex of the scapulae were unknown. 
Using sliding Vernier callipers, the glenoid cavity’s supe-
rior-inferior and antero-posterior dimensions were meas-
ured. Data was also used to calculate the Glenoid Cavity 
Index (GCI). Morphological shape of glenoid cavity was 
recorded as comma shaped, pear shaped and oval shaped. 
Th e various dimensions were taken as follows:

Superio-inferior diameter: It was determined to be 
the greatest distance between the most prominent supra-
glenoid tubercle point and the most inferior glenoid 
margin point (designated as AB in Figure 1).

Antero-posterior diameter 1: It was determined to 
be the maximum width of the articular edge of the gle-
noid cavity, measured perpendicular to the height (des-
ignated as CD in Figure 1).

Antero-posterior diameter 2: Diameter of the supe-
rior half of glenoid cavity at mid-point between the 
superior rim and mid-equator (designated as EF in Fig-
ure 1).

Glenoid Cavity Index (GCI): It can be deduced by 
the following formula:

GCI = Antero-posterior diameter1 x 100
            Superio-inferior diameter

Shape of Glenoid: Placing the paper over the gle-
noid cavity and fi rmly holding it there while drawing 

the shape with a pencil allowed the shape to be seen on 
the plain paper. Th e three most common shapes seen in 
the Glenoid are shown in Figure 2.

RESULTS

Measurements related to Glenoid cavity dimensions 
are documented in Table 1. Th e values observed are pre-
sented as mean and standard deviation (mean ± SD).

In the present study, the maximum recorded supero-
inferior diameter (AB) was 40mm while the minimum 
diameter was 26mm. Th e mean diameter came out to be 
34.97±3.62mm. Th e maximum antero-posterior diam-
eter (CD) at the widest breadth was 28mm while the 
minimum breadth was 17mm. Th e mean diameter was 
23.45±2.69mm. Th e maximum recorded antero-posterior 
diameter (EF) was 28mm while the minimum recording 
was 10mm. Th e mean diameter was 16.82±3.06mm. Th e 
Glenoid Cavity Index was also measured for all the scap-
ulae and the minimum value obtained was 55.2 while the 
maximum value calculated was 82.3. Th e shape of gle-
noid was also observed; the three most common shapes 

Figure 1. Various parameters of Glenoid cavity taken.
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seen were inverted comma shaped, pear shaped and oval 
shaped. Out of 50 scapulae, 21 (42%) were inverted com-
ma shaped, 18 (36%) were pear shaped and 11 (22%) were 
oval shaped. The various shapes of glenoid recorded are 
tabulated in Table 2.

DISCUSSION

In present study the Superio-inferior diameter of 
glenoid cavity varied from 26mm to 40mm with mean 

of 34.97mm. The antero-posterior diameter 1 of gle-
noid cavity varied from 17mm to 28mm with mean of 
23.45mm. The Antero-posterior diameter 2 varied from 
10mm to 28mm with the mean of 16.82mm. These val-
ues when compared with the data obtained from other 
countries show that the supero-inferior diameter and the 
antero-posterior diameter 1 seen in Indian population is 
lesser than those counties. Coskun et al. (2006) (8) with 
their study based in Turkish population, shows a mean 
supero-inferior diameter of 36.3mm, while von Shroeder 
et al. (2001) (9) shows the mean supero-inferior diam-
eter as 36.4mm in the Canadian population. Cho et al. 
(2011)(10) also shows a mean supero-inferior diameter of 
35.2mm in the Korean population. The parameters seen 
in comparison with foreign authors are in Table 3.

CONCLUSION

The glenoid cavity dimensions are required by pros-
thetic engineers and orthopaedic surgeons to design a 

Figure 2. Various shapes of glenoid seen.

Table 1. Various parameters of Glenoid cavity with their mean and standard deviation.

S. No Parameters Number of 
scapulae

Minimum
Value (mm)

Maximum
Value (mm) Mean (mm) Standard 

deviation

1. Supero-inferior diameter (AB) 50 26 40 34.97 3.62315
2. Antero-posterior diameter 1 (CD) 50 17 28 23.459 2.699162
3. Antero-posterior diameter 2 (EF) 50 10 28 16.821 3.069968
4. Glenoid Cavity Index (GCI) 50 55.2 82.3 66.796 6.058884

Table 2. Various shapes of Glenoid cavity with their percentage.

S. No Shape of the glenoid Total 
scapulae Number Percentage

1. Inverted comma shape 50 21 42%
2. Oval shape 50 11 22%
3. Pear shape 50 18 36%
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workable and reliable prosthetic for total shoulder arthro-
plasty. The mean supero-inferior diameter and mean ante-
ro-posterior diameter1 in the present study show a lower 
value than what is seen in some other countries. This indi-
cates that the prosthetic design for the Indian population 
needs to be tailored to the specific dimensions to reduce 
the incidence of failure of the surgery.
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Abstract. Primary headaches are a type of headache that occurs independently, with-
out any other underlying medical condition or injury. Th ey are a major concern due to 
their prevalence in the population and their potential to cause signifi cant disruption to 
daily life. In past years, new techniques have been developed that utilize sonography in 
diagnosing and treating headache disorders. Some recent publications have appeared on 
the use of ultrasound in blocks of the greater occipital nerve and the diagnosis of head-
aches. For a long time, blocks of the nerve have been performed without target visu-
alization, based on exterior landmarks only. New methods may improve the results of 
performed procedures. Th erefore, this study aims to provide an overview of the applica-
tions of ultrasound imaging of the greater occipital nerve in clinical practice. 

Keywords: greater occipital nerve, primary headache disorders, sonography.

INTRODUCTION

Th e greater occipital nerve (GON) is a sensory nerve that arises from the 
medial division of the dorsal ramus of the second cervical nerve. It emerges 
under the obliquus capitis inferior muscle (OCI) and then courses along the 
posterior neck, passing between the OCI and the semispinalis capitis (SSC). 
In the further course, the nerve pierces the SCC and the trapezius muscle 
(TP) to enter the scalp. Here, it gives rise to branches that provide cutaneous 
sensory innervation to the occipital region [1]. Studies have shown that the 
GON may play a key role in primary headaches, such as migraine and ten-
sion-type headaches [2], but the pathophysiology is not entirely understood.

Primary headaches are a type of headache that occurs independent-
ly, without any other underlying medical condition or injury. According to 
ICHD-3 (3rd edition of Th e International Classifi cation of Headache Disor-
ders), primary headaches include migraines, tension-type headaches, trigemi-
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nal autonomic cephalalgias, and other primary head-
ache disorders [3]. They are a major concern due to their 
prevalence in the population and their potential to cause 
significant disruption to daily life. Estimates suggest that 
almost three billion individuals suffer migraines or ten-
sion-type headaches [4]. Increasing interest in primary 
headaches has led to the development of new treatment 
and diagnostic options, some of which involve ultrasound. 

The purpose of this article is to provide an overview 
of the current applications of ultrasound of the GON in 
the diagnosis and treatment of primary headaches. We 
concentrate on the sonographic examination technique, 
changes in the nerve morphology in pathological states, 
and sonographic guidance in the GON blockade. 

SONOGRAPHIC ANATOMY AND EXAMINATION 
TECHNIQUE

In clinical practice, the GON is usually visual-
ized at the distal location at the height of the superior 
nuchal line or the proximal location at the level of the 
C2 spinous process. In both cases, a patient should be 
in a prone or sitting position with minimal flexion in 
the cervical spine. To localize the nerve at the proximal 
location, a linear transducer is placed in a transverse 

plane beneath the external occipital protuberance (EOP) 
and then moved downwards until the C2 bifurcated 
spinous process is seen. The probe is then moved later-
ally and oriented towards the mastoid process (MP) (see 
Figure 1). The view of the OCI and the SSC separated by 
connective tissue should be obtained. The GON will be 
seen as a hypoechoic oval within the connective tissue 
surroundings. To localize the nerve at the distal location, 
the occipital artery (OA) should be identified using Dop-
pler mode at the level of the superior nuchal line. The 
GON should be visible in close proximity to the OA as 
a small hypoechoic oval structure. In patients with long 
hair, using an excess ultrasound gel may help move the 
hair away from the examined area. 

In a study published by Cho JC. et al. [5], the GON 
was successfully identified at the proximal location 
in 49 out of 60 examinations in 30 healthy individu-
als. They reported that the nerve was hypoechogenic, 
round to oval structure with a mean cross-sectional area 
of 2mm2±1mm2 and a mean circumference of 4.8mm 
±1.3mm in both males and females. Greher M. et al. 
performed a study on cadavers, where they examined 
the GON in proximal and distal locations [6]. In the 
proximal site, the median depth of the nerve was  and 
the median distance from the C2 spinous process was 
27.6mm. In the distal site, the median depth was 8.0mm 

Figure 1. Position of the linear transducer at the proximal location. The GON is indicated by the white arrow. EOP - external occipital 
protuberance. MP - mastoid process. C2 - the spinous process of C2. OCI - obliquus capitis inferior muscle. SSC - semispinalis capitis mus-
cle. The Figure was partly generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 
unported license.
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and the median distance from the EOP was 17.4mm. 
Shim JH. et al. [7] reported that the right nerve was on 
average 23.1mm away from the EOP, 1.5mm from the 
OA and 6.8mm from the skin. The left nerve was on 
average 20.5mm away from the EOP, 1.2mm from the 
OA and 7.3mm from the skin surface. Measurements 
were collected in the distal location. They managed to 
successfully visualize the nerve in 35 out of 40 cases 
in 20 volunteers. To our knowledge, there are very few 
publications describing the sonographic anatomy of the 
GON in the distal location or the position of the nerve 
in relation to bony landmarks in the proximal location 
in living patients. 

DIAGNOSTIC APPLICATIONS 

Sonographic changes in some pathological condi-
tions of peripheral nerves have been well characterized 
[8]. However, there is still little known about chang-
es in the GON.  Cho JC. et al. described a significant 
increase in cross-sectional area and nerve circumfer-
ence in patients with occipital neuralgia on the symp-
tomatic sides. The cross-sectional area of the nerve did 
not depend on the severity of the headaches. Moreover, 
they showed the correlation of the cross-sectional area 
with the BMI. Hence, the cross-sectional area and BMI 
ratio may be more useful in diagnostic applications [5]. 
A similar mechanism associated with the GON entrap-
ment, as in occipital neuralgia, may have an essential 
role in the pathogenesis of primary headaches [2]. There-
fore, we think similar morphological changes can be 
seen in sonographic examinations of patients with these 
conditions. However, we did not find any studies con-
cerning that issue. 

THE GON BLOCKADE UNDER SONOGRAPHIC 
GUIDANCE

The GON block is a procedure of injecting a small 
dose of local anesthetic (lidocaine, bupivacaine, chiro-
caine) and/or steroid around the GON.

 The GON block is reported to be useful in occipi-
tal neuralgia [9]. It has a clinical application in cer-
vicogenic headaches resulting in 2-24 weeks of anal-
gesia depending on the type of block localization [10]. 
Leinisch-Dahlke E. et al. suggest that this procedure is 
ineffective in chronic tension-type headaches, but the 
study was performed on a small sample of 15 patients 
[11]. The GON block is likely an adequate option for the 
acute management of migraine headache and proves 

to be equally effective across different age and gender 
groups [12]. 

For a long time, blocks of the GON have been per-
formed without target visualization, based on exterior 
landmarks only. The ultrasound-guided blockade is like-
ly to be a more effective technique than blind blockade 
in occipital headache treatment [7]. The conventional 
visionless technique of GON block just medial to the 
pulsation of the OA at the level of the superior nuchal 
line was inadequate due to intramuscular infiltration 
and blocks of other nearby nerves, such as branches of 
the lesser and third occipital nerve and even the great-
er auricular nerve.  In patients with diversed anatomy, 
sightless injection in this area can cause unwanted and 
alarming complications even such as sudden coma [13]. 
The base for using a GON block in headache treat-
ment arrives from evidence of the confluence of sen-
sory input to the trigeminal nucleus caudalis neurons 
from both cervical and trigeminal fibers [14, 15]. There 
are many ways of GON block under sonographic guid-
ance – the first being a distal block circa ~2–3 cm lateral 
to the EOP and the second proximal block where GON 
is superficial to the OCI muscle. In the study published 
by M. Greher et al., the success rate of a simulated GON 
block was 80% (95% confidence interval: 58–93%) in the 
distal and 100% (95% confidence interval: 86–100%) in 
the proximal approach. The study was carried out on 10 
embalmed cadavers placed in a prone position with the 
head and neck flexed and injected with 0.1 ml of indo-
cyanine green. The imitation block was categorized as 
successful if it dyed the targeted nerve and this nerve 
was identified as the GON by anatomical dissection [6]. 
Other ways include injection into the medial head of 
the SSC muscle at the C1 level of the cervical vertebra, 
where both GON and the third occipital nerve enter 
this muscle, in close proximity, which gives the pos-
sibility to block them simultaneously [16]. The study 
follow-up designed to compare two distinguishable US-
guided techniques for blocking the GON demonstrated 
that both distal and proximal techniques can provide a 
short-term improvement in headache intensity, reduc-
tion in the number of headaches days per week, and an 
improvement in sleep interruptions. In this study, GON 
block was performed with bupivacaine and methylpred-
nisolone acetate. The primary outcome was the con-
trast in the Numerical Rating Score (NRS) for headache 
intensity at 1 month. There were no significant adverse 
effects [17]. Another study proved that Ultrasound-guid-
ed GON blocks may provide superior pain reduction 
at 4 weeks when compared with landmark-based GON 
blocks for patients with occipital neuralgia or cervico-
genic headache [18].
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CONCLUSION

Primary headaches are an essential issue that should 
be addressed, as they can severely impact a person’s 
quality of life. In past years new techniques have been 
developed that utilize sonography. Therefore, the anato-
my of the GON has become an important topic. Yet, the 
sonographic anatomy and variability of the nerve have 
not been fully explored, especially in the distal location 
and living patients. Furthermore, to our knowledge, 
morphological changes in the ultrasound examination of 
the nerve in primary headaches have not been described 
in any publications. Evidence of the role of the GON 
compression in the pathogenesis of primary headaches 
and the results of the studies on patients with occipital 
neuralgia suggest that this topic is important.

The GON blocks using anesthetics and/or steroids 
have been used and are proven to be advantageous in 
occipital neuralgia, cervicogenic, and migraine head-
aches resulting in time-limited analgesia, and thus may 
be used as a medical practice for patients with specific 
types of headaches. Unfortunately, there is some evi-
dence that GON block is ineffective in chronic tension-
type headaches, therefore, other ways to relieve pain 
must be determined in these patients. Ultrasound-guid-
ed block seems to be more advantageous in comparison 
to the visionless technique primarily due to undesir-
able complications, among them the most dangerous is a 
coma. This fact suggests replacing a sightless GON block 
with an ultrasound-guided block. Furthermore, the topic 
of ultrasound-guided GON block technique localization 
should be thoroughly explored. More studies should be 
performed to determine whether the proximal or dis-
tal block is more effective. Likewise, we endorse more 
research on the intricacies of both ultrasound-guided 
techniques.  
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