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1 | INTRODUCTION

Paleopathological analysis constitutes an important source of the
knowledge of diseases and health status of a population. Pathologies
such as otitis, closely related to upper respiratory tract infections, are
a reflection of the nutritional and hygienic conditions of the popula-
tion, and ultimately their degree of development (Mann, 1992; Qvist &
Grgntved, 2001).

However, the paleopathological study of otological diseases
encounters important obstacles. In addition to the difficulty of
accessing the examination of internal auditory structures, taphonomic

phenomena can cause alterations that complicate their examination

lldefonso Ramirez®

The case presented includes a left temporal bone from an individual exhumed from
the Hispano-Mudejar necropolis in Uceda (Guadalajara, Spain) dated between the
13th and 14th centuries Bc. External examination and computed tomography images
show lesions in the external acoustic canal, in the form of diffuse widening, sugges-
tive of a cholesteatoma originating in this canal, with invasion of the middle ear
through the tympanic membrane. The difficulties with examining the internal ele-
ments of the ear are discussed, which causes the underestimation of these diseases
in paleopathology studies.

bioarcheology, cholesteatoma, computed tomographic scan, ear disease, Islamic necropolis,
paleopathology, temporal bone, Uceda

and facilitate diagnostic error (Armentano et al., 2014; Quist &
Gragntved, 2001).

All of this has led to scarce references to otological diseases in
paleopathological registries and those of their differential diagnosis
are very limited. However, these are diseases, such as cholesteatoma,
which have presumably played a not inconsiderable role in the mor-
bidity and mortality of ancient populations (Armentano et al., 2014;
Mays & Holst, 2006).

Modern computed tomography (CT) techniques, applied to both
bone remains and mummified bodies, have represented an extraordi-
nary advance, allowing the noninvasive analysis of the complex region
of the ear and its fine structures (Armentano et al., 2014).
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Other techniques used in these studies include, in addition to
direct examination with or without a magnifying operation microscope
(Mann, 1992; Mays & Holst, 2006; Montgomery et al., 1994; Quist &
Grgntved, 2001), simple radiography (Drenhaus & Hilmann, 1991;
Gregg et al., 1965), the optical endoscope (Qvist & Grgntved, 2001)
and even histological and immunological techniques (Horne
et al., 1976; Lynn & Benitez, 1974; Park et al., 2001; Soldati &
Mudry, 2001).

In the present work, a case of cholesteatoma is exposed from an
individual exhumed from a medieval cemetery and its possible etiol-
ogy is discussed. The case highlights the difficulty in examining the
internal elements of the ear, which causes an underestimation of
these diseases in paleopathology studies.

2 | MATERIALS AND METHODS

The temporal bone of the skeleton analyzed came from one of the
116 exhumed bodies, all in individual burial, in the Hispano-Mudejar
necropolis of Uceda (Guadalajara, Spain), dated between the 13th and
14th centuries Ap. All burial pits showed a South-North orientation
(Head-Feet), with the body in lateral or supine decubitus position and
the head oriented to Mecca (Ramirez-Gonzilez & Dorado, 2020)

(Figure 1).

FIGURE 1 (a) Location of Uceda (Guadalajara,
Spain). (b) Stratigraphic units 14 [Colour figure
can be viewed at wileyonlinelibrary.com]

FIGURE 2 (a) Right temporal bone with
normal characteristics. (b) Pathologic left temporal
bone: macroscopically, great erosion affecting the
external ear canal and tympanic cavity can be
observed [Colour figure can be viewed at
wileyonlinelibrary.com]

Of the skeleton analyzed, from 14 stratigraphic units, most was
recovered, with a moderate general degree of conservation
(White, 2008). Age was estimated based on tooth enamel wear
(Brothwell, 1987; Lovejoy, 1985), changes in the auricular surface of
the ilium (Lovejoy et al., 1985), and changes in the pubic symphysis
(Brooks & Suchey, 1990). Sex was established according to the mor-
phological characters of the pelvis and cranium (Buikstra &
Ubelaker, 1994), whereas height was estimated through the length of
the femur (Mendonca, 2003).

The temporal bone was examined using noninvasive techniques,
gross examination, and CT scans.

3 | RESULTS

The analyzed skeleton corresponds to a female individual, with an
estimated age between 35 and 45 years and a height of approximately
150 cm. Both temporal bones were recovered in good condition, with
partial bone loss of the petrous portion of the right temporal bone
(Figure 2a,b). The external examination shows a broad widening of the
external acoustic canal (EAC) of the left temporal bone, in clear con-
trast with the right temporal bone, which has a normal appearance.
The rest of the skeleton shows no other pathological alterations,

except for an osteochondritis dissecans in the trochlea of the right

humerus.
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By CT, in the petrous portion of the left temporal bone, diffuse
widening of the EAC, with scalloped and well-defined contours can be
appreciated (Figure 3). No erosion of the scutum, Prussak's space, or
widening or erosion of the tegmental wall was identified (Figure 4).
The tympanic membrane (TM) was not identified in the study
(Figures 3 and 4). The malleus head and the short process of the incus
were displaced cranially (Figure 4), whereas the long process of the
incus and the stapes were displaced medially (Figure 5). The vestible,
semicircular canals and cochlea were unaltered (Figure 6). Mastoid

involvement was not observed.

4 | DISCUSSION

The good state of preservation of the temporal bone exposed here
has made it possible, in addition to its external examination, to obtain
images by CT, which has allowed the precise examination of its struc-
tures. The diffuse widening of the EAC, with scalloped and well-
defined contours, the displacement of part of the ossicle chain

FIGURE 5 Axial oblique TC of left temporal bone depict part of
the ossicle chain displaced medially but intact (LPI, long process of the
incus; St, stapes). Mt, mesotympanus

FIGURE 3 Coronal computed tomography (CT) of left temporal
bone depict widening of the external acoustic canal (EAC), with
scalloped and well-defined contours. Et, epitympanum; S, scutum

FIGURE 4 Coronal computed tomography (CT) of left temporal
bone depict part of the ossicle chain in the epitympanum (MH,
malleus head; SPI, short process of the incus), displaced cranially and
laterally, near the tegmental wall. The middle ear and the external
acoustic canal are widened (short arrows), although with scalloped
contours. Mt, mesotympanus; PS, Prussak's space

FIGURE 6 Coronal computed tomography (CT) of left temporal
bone. The normal structures of the inner ear are observed. C, cochlea;
CB, cochlea base; FC, facial canal; LSC, lateral semicircular canal; V,
vestible

cranially and laterally (malleus head and short process of the incus)
and part medially (long process of the incus and stapes), but remaining
intact, are they indirect findings of benign and slow-growing lesions,
ruling out infiltrating lesions such as squamous carcinoma of EAC.
These findings are compatible with a primary cholesteatoma originat-
ing in the EAC with posterior invasion of the middle ear (ME) through
the TM.

The first description of the cholesteatoma is attributed to
Duverney (1648-1730), although previous references could be found
described in the Hippocratic Corpus (Benmoussa et al., 2020). The
medical term was proposed by Miller in 1838 (Soldati &
Mudry, 2001).

Cholesteatoma consists of a nonneoplastic and ectopic prolifera-
tion of stratified squamous tissue, together with exfoliated keratin
(Aswani et al., 2016).



It is an otological pathology that generally presents with hearing
loss and a purulent and fetid otorrhea that requires frequent cleaning.
The hearing loss is of conductive or mixed type, caused by perforation
of the TM and involvement of the ossicles chain. Otalgia, earfullness,
and itching sensation may also be present (Kim et al., 2014). Its natural
evolution is progressive growth invading the ME, with destruction of
the bone and the ossicles chain. Possible complications may compro-
mise the patient's life, especially in times prior to antibiotic therapy
such as the present case. Complications include retroauricular abscess,
facial nerve palsy, cerebrospinal fluid fistula, meningitis, brain abscess,
or lateral sinus thrombosis (Mufioz et al., 2007).

From various studies, the incidence of cholesteatoma was 3-15
per 100,000 person-years (Im et al., 2020). Its usual location is the
ME, being up to 60 times less frequent in the EAC (Dubach &
Hausler, 2008; Kim et al., 2014; Owen et al., 2006).

ME cholesteatomas are produced by a perforation or retraction
pocket in the flaccid pars or the tense pars of the TM (Phillips
etal, 2012).

EAC cholesteatomas can be primary or secondary. Primary
cholesteatoma is produced by a slowing of the expulsion to the exte-
rior of the keratin debris from the external surface of the TM and
EAC, producing erosions of soft contours, which are frequent in the
lower wall of the canal. In secondary cholesteatoma, the retention of
keratin debris can be due to different causes, such as trauma (Bhagat
et al., 2013; Heilbrun et al., 2003; Shin et al., 2010).

EAC cholesteatomas can invade the ME, mastoid cells, or tempo-
romandibular joint (Chawla et al., 2015). When also invading the ME,
it is very difficult to distinguish them from the cholesteatoma originat-
ing in the ME, as in the case at hand. The absence of erosion of the
scutum, Prussak's space, or widening or erosion of the tegmental wall,
makes the diagnosis of a cholesteatoma originating in the ME unlikely.

Otological conditions have received little attention in the paleo-
pathological literature, mainly due to the difficulties associated with
their study (Armentano et al, 2014; Mann, 1992; Mays &
Holst, 2006).

Actually, CT has represented an unquestionable advance in the
study of the temporal bone. In addition to avoiding the overlap of
images, it provides a scale of densities much higher than conventional
radiology and identifies remains of earth, frequent in archeological
simples (Villanueva et al., 1997). In the application of this technique, it
is important that the bone has a good state of conservation, although
the structures of the ME are usually well protected (Qvist &
Grgntved, 2001).

Paleopathological studies have mainly collected cases of mastoid-
itis (Drenhaus & Hilmann, 1991; Gregg et al., 1965; Loveland
et al., 1990; Rathbun & Mallin, 1977; Wells, 1962). Next, we will
briefly refer to the few specific cases of colesteatoma found after the
literature review.

The oldest case described corresponds to the Broken Hill skull,
dated 250-130,000 years old, although subsequent analyses propose
another diagnosis distinguishing, together with postmortem traumatic
lesions, the possible existence of an intradiploic dermoid or an eosino-

philic granuloma in the squamous portion (Montgomery et al., 1994).

Corresponding to the late Bronze, pre-Talayoticin culture, on the
island of Menorca (Spain), a case of cholesteatoma has been described
in the skeleton of an elderly woman, used for this, in addition to exter-
nal examination, images obtained by CT (Armentano et al., 2014).
Likewise, several cases of possible cholesteatoma have been
described in mummies of ancient Egypt, observing, in an examination
of 453 Egyptian skulls from Nagada, evidence of this disease in 22 of
them (Mann, 1992).

Similar cases have been described in later times. The skeleton of a
25- to 30-year-old woman, from a burial in the 4th century Bc, in San
Fernando (Cadiz), examined with the aid of CT, showed signs of a
cholesteatomatous lesion, in addition to chronic otomastoiditis
(Macias et al., 2001; Villanueva et al., 1997).

Other cases of cholesteatoma in ancient remains are the ME
cholesteatoma observed in a skeleton from Quarrington (Lincolnshire),
5th-6th century ap (Mays & Holst, 2006); calcified cholesteatoma in a
40- to 50-year-old individual from the Frankish-Alemannic cemetery,
dated between 500 and 725 Ap (Schultz, 1979); or the case of
cholesteatoma-like destructions of the foramen ovale area and the lab-
yrinth capsule, exposing the vestibulum, from a medieval Danish ceme-
tery (Quist & Grgntved, 2001). Two cases dated from the 19th century,
one corresponding to a cholesteatoma of the external canal, in a skele-
ton of Wharram Percy North Yorkshire (Mays & Holst, 2006) and
another from Uummaannaq (Greenland) (Homge et al., 1992).

5 | CONCLUSIONS

CT represents an advance in the paleopathological study of otological
diseases contributing to the knowledge of the health and disease of
the population, in the present case of a medieval Mudejar population.
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