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Abstract

An ancient Egyptian mummy skull from the Zoological Collection Marburg, Germany, was examined using
computer assisted tomography. In this skull (referred to as Mummy skull no. 24) of a man who lived circa 50 BC
we found three of his teeth in the cranial cavity. They had been retained after their loss caused by periodontal
disease, and were inserted into the cranial cavity via a trans-sphenoidal hole, probably during the process of
mummification.
In this article we describe the reasons for the loss of these three teeth and consider possible motivations for this
extraordinary conservation. We believe this is the first time such a procedure has been reported. It is discussed in
an historical-religious context, emphasizing the mythological background.
Furthermore, the medico-pharmaceutical methods to cure periodontal disease are described with reference to the
ancient Egyptian medical papyrus Ebers - in the case of Mummy skull no. 24 one of the causes of loss of teeth.
Key-words: ancient Egypt, Apis embalming ritual, Apium graveolens, computed tomography, mummy skull,
papyrus Ebers, papyrus Brooklyn 47.218.48, periodontosis, preservation of teeth, tooth loss
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1. Introduction
“A mummy can be a scientific treasure chest; to unlock its secrets, a multidisciplinary approach is
needed” (Cockburn et al., 1975: 1155). Following this guideline fifteen Egyptian mummy skulls, as yet
unpublished, were examined in an interdisciplinary manner using non-invasive and non-destructive methods - in
particular computed tomography (CT) - to determine special embalming practices, pathological changes and the
possible causes of death (Harbort, 2003). Since about 1880 AD these mummy skulls have been part of the
Zoological Collection of the Philipps-Universität Marburg. Their provenance cannot be precisely determined,
but all of the skulls are of Egyptian origin. Identification labels assign their origins to Western Thebes, Abydos,
Philae and Saqqara.
Amongst the many findings were pathological degradations of the cranial bone of an old woman,
diagnosed as plasmocytoma, and a trauma to the cranial bone of a child which was the probable cause of death
(Harbort, 2003). This paper concentrates on the most significant case of the Marburg Mummy skulls, Mummy
skull No. 24, and its extraordinary dental evidence.
2. Materials and methods
The item in the Zoological Collection of the Philipps-Universität Marburg presently described here is
‘Mummy skull no. 24’ (figure 1). The original identification label establishes its origin in Western Thebes.

Figure 1. Left lateral view of Mummy skull no. 24. Wrappings and skin are in good condition but show some
slight insect attack. Photograph by J. Harbort.
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Initially, the skull was subjected to a careful macroscopic inspection. With the exception of an area near
the left side of the neck and lower jaw, the skull is fully wrapped in linen. The skin and wrappings are generally
in good condition although some holes on the left side indicate slight insect damage. Additionally, insect remains
were found in the five intact cervical vertebrae (figures 3-5). These were determined as Coleoptera, more
precisely some larvae and one adult related to the family Tenebrionidae.

Figure 2 (left). View from superior into the cranium. The trans-sphenoidal hole for brain removal can be seen
(arrow). The Lamina cribrosa and the Foramen magnum are not damaged. Photograph by J. Harbort/Ö. Gürvit.
Figure 3 (right). Left part of the skull as a closed cross-section. The position of teeth in the cranial cavity
(arrow) and the bad dental state of health is illustrated. Photograph by J. Harbort/Ö. Gürvit.

Figure 4 (left). Tooth spaces show open (26) and closed alveoli (24, 25) in the left part of the dentition. Also
bone resorption is visible. Photograph by J. Harbort/Ö. Gürvit.
Figure 5 (right). Closed alveole (left arrow) and tooth spaces in the right part of the dentition. Fragments of
roots of teeth in the fauces (right arrow). Photograph by J. Harbort/Ö. Gürvit.
The age and sex of Mummy skull no. 24 were determined by dental condition (Miles, 1963) and
craniometric measurements (Ferembach et al., 1979; Knußmann, 1996). It is the skull of a 25-35 year old man.
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The use of radiocarbon dating applied to the spinal bone (Leibniz-Laboratory for Radiometric Dating and Stable
Isotope Research, Kiel, Germany) determined death at 23 BC +/- 22, during the early Roman Period (30 BC-395
AD). Further examination was conducted using computer assisted tomography in the Department of Diagnostic
Radiology, Philipps University Hospital, Marburg. 3D-visualization was obtained by volume rendering
technique using a multislice computer tomography scanner (Somatom + 4, Siemens, Erlangen).
3. Results
3.1. Osseous findings
A trans-sphenoidal hole (ca. 1.0-1.2 cm diameter) had been drilled via the nose into the left part of the
sphenoid bone (figure 2), indicating a crude technique of brain removal during the mummification process. The
brain was usually removed via a trans-ethmoidal access created by pushing a metal rod of about 30 cm length
and 0.4 to 0.8 cm diameter (Janot, 2000) through the Lamina cribosa or it was removed through the Foramen
magnum (Aufderheide, 2003, 2004). Both are undamaged in this case. No embalming agents were detected in
the excerebrated skull (figure 3).
3.2. Dental findings
Generally, the dental condition of Mummy skull no. 24 was poor. As shown in the dental overview
(figure 8), some affected teeth are present. Caries was detected on four teeth (15, 26, 27, and 34), and the mesial
necks of teeth 15 and 27 are heavily damaged (figures 6 and 7). Significantly, excessive abrasion was not
detected despite this being prevalent in Egyptian human remains 1000 years earlier than skull no. 24 (Harris &
Wente, 1980; Nerlich et al., 2000a).

Figure 6 (left). Mummy no. 24 frontal reconstruction of dentition. Notable damaged mesial neck of teeth 15 and
27 due to caries (arrows). The seemingly bad condition of the jaw-bone is a result of computer reconstruction there is no need for a pathological interpretation. Photograph by J. Harbort/Ö. Gürvit.
Figure 7 (right). Three teeth in the cranial cavity of mummy skull no. 24 (isolated reconstruction). Coronal
caries on the first molar is shown (arrow). Photograph by J. Harbort/Ö. Gürvit.
A number of teeth (16, 17, 24, 25, 36, 37, 46, and 48) were lost ante mortem, as demonstrated by closed
alveoli (figures 4 and 5). Only the upper left first molar (26) appears to have been lost post mortem, during the
embalming process. In this instance the alveole is open (figure 4). The missing teeth 24, 25, and 26 (upper left
premolars and first molar) were found loose in the cranial cavity. With the exception of caries on the crown of
the molar, these three teeth are in good condition (figure 3). Additional fragments, which were found in the
fauces, were identified as partial roots of former unidentified lost teeth (figure 5). Specifically in the area of the
left upper molars, bone resorption is visible (figure 4).
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Tooth loss (ante
mortem)
Tooth loss (post
mortem?)
Caries
Fracture

Figure 8. Dental state of Mummy skull no. 24. Dental numerations follow the German dental system. The legend
contains the symbols for tooth loss, caries and fractures. Figure by J. Harbort.
4. Discussion
4.1. Reasons for teeth loss of the upper left premolars and first molar
We have demonstrated the poor dental state of Mummy skull no. 24 owing to the loss of teeth and
prevalence of caries. Generally, caries was rare before the New Kingdom (1550-1070 BC) but became more
common in the Third Intermediate period (1070-715 BC), Late period (715-332 BC) and Greco-Roman period
(332 BC-395 AD) (David, 2000; Miller, 2003, 2005; Nerlich et al., 2000a). This may be attributed to a change in
nutrition (Bardinet, 1990; David, 2000; Miller, 2003). Nevertheless, caries has only been detected on tooth 26,
whilst teeth 24 and 25 in the cranial cavity show no significant damage due to disease or treatment, which would
have resulted in dental loss. No evidence of abscesses was found. Moreover, trauma can be ruled out as this
would have destroyed the teeth before complete loss, or fractured the jaw. It is more likely that periodontal
disease, which was widespread in ancient Egypt (Harris et al., 1998; Leek, 1979; Miller, 2003; Smith, 1986),
initiated bone resorption around the teeth (figure 4). This then led to the loss of teeth.
The three teeth in question had obviously been carefully retained, since they had been preserved for
mummification. After death and during the embalming process, they must have been placed in the cranial cavity
via the trans-sphenoidal access. To our knowledge, this is the first occurrence of this procedure. The teeth
described had not apparently been re-used in the owner’s life. The closed alveoli made any replacement of the
teeth with roots impossible. Furthermore, all dental prostheses found in Egypt (Bardinet 1990; Harris et al. 1975)
are considered to be constructed for the afterlife (Hoffman-Axthelm, 1976; Nerlich et al., 2000b).
The high incidence of periodontal disease in ancient Egypt is supported by more than just archaeological
sources. The Ebers papyrus contains more than 800 remedies, one of which describes the symptoms which are
recognised today as periodontal disease: ”Another (remedy) to fix the teeth and to treat them. Celery (matet) 1,
duat-plant 1, sweet beer 1, to be chewed; to be spat out to the ground” (Papyrus Ebers, No. 748, ed. Grapow,
1958). Other recipes (Papyrus Ebers, Nos. 754, 755, 746, and 747) also describe characteristic symptoms which
typically accompany periodontal disease, but they focus on the treatment of an abscess (Bardinet, 1990).
The title of Papyrus Ebers No. 748 shows that the teeth are loose and that the treatment by drugs was
expected to fix them. This mobility indicates periodontal disease. Unfortunately, the identity of the plant
described as duat remains unknown, so it is impossible to determine whether the remedy would have been
effective. Matet is used in three dental remedies. Its translation as celery (Apium graveolens) (Aufrère, 1986) is
convincing, and is supported by the fact that several remains of this plant were found in graves (De Vartavan &
Asensi Amorós, 1997). The idea of using it especially for teeth may have arisen from its fleshy, big, and strong
stem. By chewing it, the Egyptians may have believed that the same ingredients which strengthened the stem
would also fix the tooth. By spitting the mixture to the ground they ejected the teeth-like plant now rid of
magical (and perhaps pharmacological) power instead of their own teeth. Examining the pharmacological
potential of Apium graveolens today, it exhibits anti-inflammatory properties and antibacterial and antifungal
activity as it has been shown to contain bioactive aliphatic C17-polyacetylenes (Christensen & Brandt, 2006).
Had the owner of Mummy skull no. 24 taken this remedy in life, it would not have prevented his loss of
teeth. However, the preservation and safe retention of the lost teeth during life, permitted the final reinstatement
in the upper jaw, so he could hope to regain their full use in his afterlife.
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4.2. Possible reasons for the exceptional preservation of teeth in the skull
In the Greco-Roman Period (332 BC-395 AD) mummification was widespread, and varied according to
the social background of the deceased, the embalmer’s technical skill and local developments (Pommerening,
2007). In all, the external appearance of the mummy was important. This frequently obscured the fact that
internally, beneath the bandages, soft tissue preservation had not been achieved, the skeleton often having been
rearranged (Aufderheide, 2004), or parts of the body having been replaced by packing material (Aufderheide,
2003; Brech-Neldner & Budde, 1992).
An extensive investigation of human material from the Greco-Roman Period necropolises at Qasr Douch
in the Kharga oasis (Lichtenberg, 1996) and Kellis in the Dakhla oasis has been undertaken (Aufderheide, 2004).
Further investigations should increase our knowledge of the wide range of mummification techniques of this
time. The quest to find further cases comparable to Mummy skull no. 24 is one of the present paper’s aims, as
only two other incidences of post mortem teeth insertion - none of which occurred in the cranium - are known so
far. Both these mummies can be dated to the Greco-Roman period also, affording a religious comparison. In
Mummy no. 1770 from the Manchester Museum a human canine tooth was found in the bandages of the right
leg (David & Archbold, 2001; David, 1979). Whether it was deliberately placed there or accidentally during a
poorly performed mummification, is uncertain. More pertinent in this context is Mummy no. 20.2.1.4 found in
Qasr Douch (Kysis). In the pharyngo-larynx of this seven year old child, radiology detected two teeth of an adult
(Lichtenberg, 1996).
The Apis embalming ritual (Papyrus Vindobonensis 3873, rt II 12; Vos, 1993) describes a procedure for
the removal of two teeth of the divine, dead Apis bull and their replacement by two others (which ones is not
specified). This has been interpreted as a ritual re-enactment of the shedding of the milk teeth, understood as
Apis’ passage towards young adulthood. Therefore, the additional teeth in Mummy no. 20.2.1.4 should be
interpreted as magical. Thus the child, as well as the Apis bull, was expected to be reborn at the stage of young
adulthood. During the embalming process, the ancient Egyptians re-enacted their myths in rituals, preparing the
mummy for the afterlife in a similar fashion as Osiris whose fate was the model for successful mummification
(Assmann, 2001; Pommerening, 2007).
What was the purpose of placing this individual’s own teeth not in the oro-pharyngeal region, but in the
cranium, where we only could find partial roots of some other teeth not entirely having been preserved for the
afterlife? Noting that before their loss, the three teeth in question belonged to the skull’s upper jaw, and
supposing that the said roots belonged to his lower jaw, we may conclude (Papyrus Brooklyn 47.218.48+85,
2,19-26 [No 41]; Sauneron, 1990) that in this case no insertion of teeth occurred but teeth were sowed in order
that they could grow through the jaws, the intention being no dental substitute, but actual new teeth.
Furthermore, the process of growing permanent teeth in the afterlife placed the deceased in the beginning of
adulthood.
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