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First bioarchaeological evidence of
the familial practice of embalming
of infant and adult relatives in Early
Modern France
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While medieval and modern embalming practices in Western Europe are attested to historically

and bioarcheologically, especially for famous historical figures, there are few recorded occurrences
of this type of corpse preparation for a large number of archaeological individuals from the same
lineage. Moreover, evidence of such practices mainly concerns adult individuals, whereas traces of
child embalming are extremely rare. In 2017, the discovery of a crypt in the chapel of the Chateau
des Milandes (Castelnaud-la-Chapelle, Dordogne, France) revealed a collective burial of the scattered
remains of seven adults and five children of the aristocratic Caumont family, who died in the 16th
and 17th centuries and whose skeletons all show marks of embalming practices. In 2021, another
excavation in the chapel uncovered the individual grave of an elderly woman whose body was also
embalmed. This skeletal sample provides a unique opportunity to examine the modus operandi of
medieval embalming through the cutmarks left on the cranium and appendicular skeleton and to
compare mortuary protocols for adults and children. Our macroscopic and microscopic investigations
revealed a thorough and highly standardized technical treatment that was similar for both adult and
very young immature individuals and displays a skillset that was passed down over two centuries.

While embalming practices are usually associated with Egyptian or South American funerary rituals, body
preparation in medieval Western Europe has been documented since the 9th century and was practiced in
royal, noble, and bourgeois families in the late Middle Ages and Early Modern period!~ ,e.g.%. Unlike Egyptian
mummification, medieval/early modern embalming was not about preserving the body for the long term, but
rather about slowing decomposition for long enough to display the corpse of a member of a privileged social
group before and during their funeral. This treatment had even greater importance when the person had died
far from home.

The theoretical modus operandi is known from the most important surgical treatises such as the works of
Ambroise Paré (1509-1590) or Jacques Guillemeau (1544-1613) (for a review, see>®). According to these medical
sources, for purposes of necropsy or embalming, all internal organs, including the brain, were removed before
the corpse was washed and filled with balsam and aromatic substances™®. On a practical level, the protocol is
also partially documented by bioarchaeological sources relating to the mummified soft tissues and odoriferous
substances used to “stuff” the empty spaces and perfume the corpse e.g.>, or to the cutmarks associated with
craniotomy and sterno-thoracotomy*>¢10,

However, cases of medieval/modern embalming are rare in the archaeological record, and many practical
aspects of the operator’s manipulation of the corpse have remained unclear, including the body parts affected by
the preparation (head, abdomen and thorax only, or possibly the upper and lower limbs as well), the tools used,
and the possible differences in treatment based on criteria such as sex or age at death. Moreover, occurrences of
multiple cases of embalming in the same corpus e.g.>° or family!! have rarely been reported. Cases of embalmed
children are also extremely rare in the chrono-geographical context of medieval/modern Western Europe, being
limited to one five-year-old child and a newborn from the Medici family in Italy®, and two children from the
Jacobin convent in Rennes, whose presence was recorded but who have not been studied osteologically?®, the
youngest of whom died at around 5 years of age.
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The recent discovery, in the chapel of the Chateau des Milandes in Dordogne (south-western France), of
the skeletal remains of members of a noble family showing numerous traces of embalming on both cranial and
postcranial elements, therefore provides the first archaeological evidence of embalming of children and adults
from the same lineage in the Early Modern period in France. It has offered an opportunity to examine in detail
the practicalities of corpse preparation based on the marks left on the cranial and postcranial skeleton, and to
investigate the variability of mortuary protocols based on age at death for privileged social groups.

The Chateau des Milandes was built in the second half of the 15th century on the left bank of the river
Dordogne in south-western France (Fig. 1a), by Frangois de Caumont, lord of Caumont (Lot-et-Garonne) and
Castelnaud (Dordogne). Situated on the western edge of the municipality of Castelnaud-la-Chapelle, it is better
known today as the residence of Josephine Baker between 1947 and 1968.

In accordance with the will of Frangois de Caumont, a chapel was built in the early 16th century to the south
of the castle (Fig. 1b). Its recent restoration led to an archaeological investigation in 2017 and the discovery of a
vaulted burial crypt measuring about 9 m” (Fig. 1c, d, e).

In October 2019, complete excavation of this vaulted burial crypt revealed a large number of fragmented
human remains associated with a large quantity of other materials including wood, nails, lead fragments and
small objects. The archaeological context was very complex, as all these remains were commingled across
the entire surface of the vault without any apparent organisation. A total of 2207 vestiges were recorded and
identified, including 1885 human bone elements (Fig. 2).

Spatial analysis of the remains, based on photogrammetric models of the bone assemblage and the re-
association of bones through post-excavation anthropological study, revealed that the burials had been
considerably disturbed over time by one or more human interventions (probably including lead extraction
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Figure 1. (a) Location of the Chateau des Milandes in Castelnaud-la-Chapelle, Dordogne, France. Map:
https://www.openstreetmap.org/relation/2377311#map=5/45.416/3.691; (b) Aerial view of the Chateau des
Milandes (left) and the chapel (right), © D. Castex; (¢) Map of the chapel, modified after the map of F. Mandon
(Atemporelle Archaeological service). In grey: elevations dating from the second half of the 15th century; in
yellow: elevations dating from the beginning of the 16th century; in blue: crypt dating from the 2nd half of the
16th century; in purple: individual burial ML2021; (d) Entrance to the crypt in the chapel, © F. Mandon; (e)
interior of the crypt, details © F. Mandon.
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Figure 2. Photogrammetric recording of the surface. (a) Example during one phase of excavation; (b)
Photogrammetric recording of the same vestiges with a visualization of the localization of each object by M.P.
© G. Sachau-Carcel.

during the French Revolution). A reconstruction of the funerary practices was proposed as follows: the deceased
were initially placed in wooden and lead containers laid on floors along the sides of the vault, with the head
to the west and the feet to the east. The initial in situ observations (identification of cranial fragments with
saw marks and postcranial bones with cutmarks) and the presence of a possible cardiotaph (container for a
mummified heart) indicated embalming practices in the collection. The presence of members of the Caumont
family, strongly surmised on the basis of archival sources, was confirmed by the presence of two small gold
bracelet clasps bearing the family motto.

Another excavation, conducted in 2021 in the chevet of the chapel, revealed an isolated primary burial in
a coffin containing an almost completely preserved individual, referred to as ML2021 (Fig. 1.c and Fig. 3) and
radiocarbon dated to between 1448 and 1620 cal. AD. The skeletal remains also exhibit the marks of embalming,
providing an exceptional opportunity to complete the study of embalming procedures based on a sub-complete
skeleton.

Results

Minimum number of individuals (MNI) and biological identity

The anthropological study revealed that at least 12 individuals (7 adults and 5 immature individuals) were buried
in the crypt over almost two centuries. The craniofacial remains, reassembled according to a specific protocol
(see Material and Methods section and Information Material n°1) were arbitrarily labelled A to G for the adults
(n="7) and H to J for the immature individuals (n =3). Two more immature individuals were identified through
biological examination of the postcranial remains. With the addition of the individual ML2021 (cranium K), the
corpus of Les Milandes therefore includes a MNI of 8 adults and 5 immature individuals (Fig. 4).

In this crypt sample, sex diagnosis based on two right and one left coxal bones was possible for three adult
individuals, two males and one female. Two frontal bones belonging to other adult individuals show signs of
hyperostosis frontalis interna, a pathology that almost exclusively affects elderly female individuals'?, thus leading
us to assume the presence of two additional female individuals. Age at death could be assessed for two adults from
the crypt, one of whom was over 30 years old, and the other over 60 years old. From the commingled remains,
two anatomical sets could be reconstituted, one consisting of five significantly robust bones (two femora, two
tibiae and a left fibula), and the other consisting of particularly gracile remains (humerus, radius, ulna, right
coxal bone and femur). Palacopathological examination revealed that one of the adult female individuals from
the crypt probably suffered from osteoporosis.

The immature individuals were assigned to age groups based on their dental development and on the size
and maturation of their postcranial bones. One (IM5) belongs to the 6-12 months age group (statural age at
death estimated to 9 postpartum months; central age: 19.1 lunar months, confidence interval: [18.4-19.9]); two
others (IM3 and IM4) to the 1-4 year-old group; another (M2) to the 5-9 year-old group; the last one (M1) to
the broader 5-14 year-old group (Fig. 4). The individual who died between 6 and 12 months exhibited extensive
pathological bone formation on their ectocranial surfaces, as well as subperiosteal new bone formation on long
bones (right and left humerus, right and left femora, right and left tibiae, left fibula). These features, possibly
associated with an infection!3, are indicative of a compromised health status.

The individual found in the primary burial in the chapel’s chevet was identified as a woman over 50 years of
age who suffered from several age-related pathologies. Her skeleton is well represented and preserved, with the
notable exception of the missing sternum.
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Figure 3. Individual burial ML2021 found in the chevet of the chapel in 2021. (a) In situ photo © H. Gaillard;
(b) Marks of embalming on the cranium; (c) Marks on the right humerus (antero-medial view), (d) Marks on
the left tibia (anterior view) © C. Partiot and M. Bessou.

Comparison with archival findings and possible identification from administrative records
According to the list of the deceased in the Caumont lineage between the 16th and the end of the 17th century
reconstituted from available administrative records, a minimum of 9 adults and 1 immature individual could
have been buried in the crypt!. They include Frangois II de Caumont, who was murdered in 1564, Geoffroy
de Caumont, who was poisoned in 1574, his wife Marguerite de Lustrac, who died in 1597, their son Jean de
Caumont, who died in 1579 at the age of nine, and Jacques Nompar de Caumont, who died in 1652. Comparison
with bioarchaeological data shows that the only tangible difference relates to the number of children: only
one child appears on the burial list, whereas we have identified a minimum of five. Based on archival sources
emphasizing the fact that Jacques Nompar de Caumont was very tall, we hypothesized that the robust bones from
the crypt might belong to him. The individual grave in the chapel could be that of Claude de Cardaillac, who
was the wife of Frangois de Caumont, founder of Les Milandes and who died in 1514 before the construction of
the crypt was completed, or of Jeanne de Beynac, who was the wife of Charles 1¢* de Caumont and whose date
of death is unknown, or of Jeanne Peyrusse des Cars, wife to Charles II de Caumont, who was born in 1480 and
died after 1535, or of Marguerite de Lustrac, wife to Geoftroy de Caumont, who died in 1597 (Fig. 4).

Macroscopic analysis of the cranial remains from the crypt
Except for one poorly preserved cranium (D), all the crania from the crypt show cutmarks and sawing marks on
the bone. Macroscopic analysis of the surface modifications described for each of the nine crania according to
the specific terminology (see Supplementary Informationn®2 online) enabled us to determine the procedure for
post-mortem cranial treatment. Sagittal and coronal striations on the adult calvaria show that the operator first
cut the scalp along the sagittal and coronal axes into four flaps to expose the cranial vault (Fig. 5a, example of the
cranium F, area 1; see Supplementary Information n°3 online). The cranium was then cut open circularly to gain
access to the brain, with an oblique primary cut (Fig. 5b, example of the cranium F) from anterior to posterior
through the frontal region and superior nuchal line most commonly observed. Based on the relative timing of
the cuts, we identified the most common sequence of operator practice: first a saw cut into the frontal bone, then
a second cut towards the parietal/temporal region (Fig. 5b, example of the cranium E, area 2), before the body
was turned around to saw off the occipital bone and remove the upper part of the cranium.

However, two adult individuals also show rather atypical cranium openings (see Supplementary Information
n°3 online): cranium E shows that the operator started sawing from the parietal region in a postero-anterior
direction, whereas cranium F shows a classic circular cut (Fig. 5b) as well as an unusual secondary cut along the
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Les Milandes: distribution of the individuals and possible identification
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Figure 4. Distribution of the individuals found in the chapel of the Chéteau des Milandes based on the
biological study, and possible individual identification. MNI: Minimum Number of Individuals; UD:
UnDetermined; y: years of age; IM: Immature, Blue stars: possible identification from administrative records.
© C. Partiot, D. Castex and M. Penet.

sagittal axis (Fig. 5c, area 3). This first sagittal cut was made into the frontal bone with a curved blade (Fig. 5¢
area 4), but was followed by an unusual gesture, as the operator used manual pressure to remove a piece of
the vault corresponding to the left and median parts of the frontal bone and the antero-lateral part of the left
parietal (Fig. 5¢), as shown by the marks on the antero-medial edge of the fragment. However, the operator
systematically avoided damage to the brain by stopping the saw cut on reaching the internal table, as shown by
the flat marks indicating a stop (Fig. 5¢, area 4).

Some variations in the cutting protocol also reflect either special care or practical difficulties (see
Supplementary Information n°3 online): crania F and G show multiple incisions associated with sawing that
started from a primer incision on the outer table, suggesting that the operator favoured numerous small, short-
range sawing movements that were resumed each time from the outer table, rather than a few large movements.
This choice might be associated with special care taken to preserve the integrity of the brain. The cranium G,
in particular, shows numerous sawing attempts and saw skips, which may indicate that the operator had some
difficulty in penetrating the vault.

The procedures applied to the immature crania are broadly similar to that of adults, but with some special
features. Cranium H belongs to an infant whose age at the time of death was estimated at 6 months to 1 year
(Fig. 6a to d). Although the calvarium is not well represented, analysis of the fragments indicates that the head
was also cut circularly, with an oblique antero-posterior cut passing through the inferior part of the parietal
bone (Fig. 6a and b) and the supero-median part of the occipital bone (Fig. 6¢), and probably through the frontal
eminences. The different fragments of the vault show numerous fine cutmarks, attesting to the precautions taken
to avoid breaking the skull.
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Figure 5. Cranium F, details of the sequence of events for craniotomy. (a) Step 1, cutting of the scalp with
close-up showing the thin scalpel marks, superior view, and modified example illustration after Vésale (1543).
(b) Step 2, Primary circular cut (yellow dotted line) made with a saw and starting in the frontal region with
close-up showing the striated cutmarks, lateral right view. (c) Step 3, unusual step of secondary sagittal cut
(orange dotted line) with manual pull-out of the left antero-lateral part of the cranium (area 3) and details of
the medial edge of the detached fragment and the cutmarks left by the curved blade (area 4) © C. Partiot.

Cranium I belongs to an immature individual who died between 1 and 4 years of age (Fig. 6e to h). Sagittal
scalp cuts are evident near the bregma region (Fig. 6e), and the cranium was circularly cut, with saw marks
indicating frequent changes of direction during sawing, with manipulation of the head (Fig. 6e, fand g). On a
fragment from the frontal spine area, unusual perpendicular cutting grooves might indicate that a tool was used
to sever the inner table, perhaps by levering, without damaging the brain (Fig. 6h)).

The third immature cranium (J), (Fig. 6i to k), assigned to the 5-9 or to the 5-14 year-old group, has
longitudinal scalp striations unusually located on both the left and right parietal bone (Fig. 6i), and in the right
supra-orbital area (Fig. 6j). Scalping may therefore have been done in longitudinal strips instead of four flaps
with intersecting sections. The cutting plan is pseudo-transverse and runs very inferiorly along the left and right
temporal bones (Fig. 6k).

The detailed results of each cranial macroscopic analysis can be found in Supplementary Information n°3
online.

Macroscopic analysis of the postcranial remains from the crypt

Regarding the distribution pattern of cutmarks on the scattered postcranial remains (Fig. 7), almost 7.5%
of them, from all age groups combined, exhibit embalming marks (N=48/659). Of the latter, 35% (N=17)
are located on the upper limbs, 31% (N=15) on the lower limbs, 19% (N=9) on the spine and ribs, 5 on the
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shoulder girdle and 2 on the pelvic girdle. Postcranial cutmarks were identified on 24 immature bone remains,
on 23 adult-sized remains and on one bone whose age group could not be identified with certainty. The detailed
observations on postcranial remains can be found in Supplementary Information n°4 online.

In the adults, the marks are predominantly found on the long bones (Fig. 7). The muscles were transected in
the joint area and/or in the mid-diaphysis area, with some of them showing repeated cuts (see Supplementary
Information n°5 online). The cutmarks are mostly located on the anterior, anteromedial and superior (for the
clavicles) sides of the skeleton, whereas in the immature individuals, they are much more commonly located
posteriorly. In the immature individuals, cutmarks are also found on the anterior and posterior surfaces of two
ilia (from the immature individual IM5 who died between 6 months and 1 year of age, and from the immature
individual IM1 who died between 5 and 14 years of age), indicating evisceration and defleshing of the posterior
muscles. A cluster is observed on the anterior face of a rib fragment belonging to the immature individual IM2
(5-9 years). No cut rib has been identified. Overall, very few cutmarks were observed on the ribs from the crypt
sample (only 4 occurrences), and a majority of these elements are fragmented and poorly preserved (39 complete
ribs for 244 fragments). With the exception of a fragment of manubrium, no complete or fragmented sternum
has been found among the crypt’s scattered adult and immature remains. One adult phalanx of the hand, as well
as one metatarsal and one metacarpal attributed to the immature individual IM2, show that the process affected
the upper and lower limbs even at the most distal level (Fig. 7i andj).

The single individual buried in the chevet

Osteological analysis shows that the preparation of the body of the female individual in the undisturbed grave was
similar to that of the subjects found in the crypt, with a peripheral circular cut of the cranium (Fig. 3), removal
of the brain and thorough defleshing of the upper and lower limbs (Fig. 8ab) and the thoracic cage (Fig. 8d).
In the upper and lower limbs, the cutmarks are symmetrical between the left and right sides. A particularly
interesting finding is a transverse cutmark in the anterior region of the 3rd cervical vertebra, which might be
related to the severing of the trachea (Fig. 8c). As in the crypt, no sternum, either complete or fragmented, has
been found among the remains. The detailed observations on the remains of individual ML2021 can be found in
Supplementary Information n°6 online.

Microscopic analyses

The 3D and profile confocal analyses of selected cutmarks of the adult cranium F and immature cranium I
allowed us to distinguish between different types of marks (Table 1): the incisions made to remove the scalp from
the vault are extremely thin (30 pm wide on average), superficial (40 um deep) and symmetrical, with a very flat
bottom, confirming that they were made with a very thin and sharp scalpel-like blade that initially penetrated
the thickness of the scalp tissue (Fig. 9). The incisions corresponding to the striated cutmarks and the attempt
to initiate sawing near the cutting plane are ten times wider (about 1,000 um) and deeper (about 600 pm) than
the incisions in the scalp, with a U-shaped, more or less asymmetrical profile and with a more irregular bottom
and concave slopes. These features reflect the fact that the cut was made with a different tool and with some force
applied directly to the bone. The cutmarks left by the sawing process itself, which appear very asymmetrical
with a very irregular profile, are of medium width (500 pum), but shallow (50 um), with rather convex slopes.
The grooves left by the curved saw blade, identified only on cranium E are quite wide (800 um) and shallow
(120 um), with a very characteristic profile: a pseudo-vertical slope on one side and a very gentle and convex
slope on the other. Sawing was therefore done with moderate force and precaution.

The cutmarks on the immature cranium I are morphologically more irregular than those on the cranium
of the adult F, with the saw cuts on the immature individual being ten times shallower and two to three times
narrower than on the adult cranium (Table 1). The results of the microscopic analyses on the skulls of the
individuals F and I can be found in Supplementary Information n°7 online.

Discussion
The first known occurrence of embalming practices in the chrono-cultural context of Medieval Western Europe
dates back to the death of Charles II the Bald in 877'°. This post-mortem treatment was first reserved for the
King, then to the elite of the kingdom. It aimed to slow down the decomposition processes and reduce odors
for the time needed to transport and/or display the body. From the 13th century onwards, the process was
sometimes accompanied by the dispersion and burial of the viscera in different places, thereby showing favour
to different religious establishments'>!6. According to the medical literature and bioanthropological sources, the
preparation involved successive phases including opening of the cavities and removal of the viscera, preparation
of the viscera, internal treatment of the cavities, external application of liniment and wrapping of the deceased.
Among the viscera, the brain and the heart appear to have been especially valued as representing part of the
identity of the deceased. The composition of the products used to preserve them has been documented based
on archaeobotanical and chemical analyses performed on mummified remains>>8. Whereas the procedures
associated with the treatment of these soft tissues are relatively well understood, historical sources deliver little
information on the practical modus operandi. How the heart was extracted is still uncertain: it may have been
done by laparotomy (opening the abdomen leaving no trace on the bones), by thoracotomy (opening of the
thorax at the level of the ribs) or by sternotomy (opening of the sternum). Since surgical encyclopedias barely
mention these acts of evisceration and the areas affected outside the head and chest, bioarchaeological studies
are the only source that can provide an insight into the practical aspects of these post-mortem treatments.
Therefore, the study of the Les Milandes collection makes a significant in-depth contribution to our knowledge
of the modus operandi and to the documentation of the tools used during the embalming process.

Although the Milandes collection is older, the techniques and tools used seem to be remarkably similar to
those illustrated by Dionis (1708) and identified by Signoli and colleagues'” on an 18th century autopsy case
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from Marseille. The first step consists of scalping the skull using the scalpel A or B (Fig. 10a) mentioned in the
work of Dionis!®, according to which the operator “will make a longitudinal incision from the root of the nose to
the nape of the neck and another transverse incision from one ear to the other cutting the scalp and the pericranium
(...), making a cross on the top of the head: he will then lift these four parts which he will separate from the skull,
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«Figure 6. Embalming marks on crania H (a to d), an immature individual who died between 6 months and
1 year of age, I (e to h), an immature individual who died between 1 and 4 years of age, and J (i to k), an
immature individual who died between 5 and 14 years of age. (a) Possible inferior part of left parietal, external
view; (b) inferior part of left parietal, external view; (c) Supero-median part of the occipital, external view; (d)
Possible fragment of parietal, external view; (e) Cut-out part of the frontal bone, anterior view; (f) Cut-out part
of the frontal bone, inferior edge; (g) Left supra-orbital part of the frontal bone, anterior view and superior
view of the sawn edge; (h) Fragment of the frontal spine, superior or inferior view and left temporal, mastoid
process, superior view of the sawn edge; (i) Parietal bones, supero-anterior view; (j) Right supra-orbital region,
anterior view; (k) Fragments of right and left temporal bone, internal and external views. © C. Partiot.
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Cutmarks

Figure 7. A selection of embalming marks on adult and immature postcranial bones. (a) Left tibia in
anteromedial view; (b) Right femur, anterior view; (c) Distal third of left humerus, posterior view; (d) Distal
half of left humerus, anterior view; (e) Distal half of left ulna, medial view; (f) Sub-complete right clavicle,
superior view; (g) Fragment of left ilium, anterior view and (h) Fragment of right ilium, posterior view; (i)
Sub-complete left radius, anterior view; (j) Sub-complete phalanx of the hand from IM2, palmar view; (k) Sub-
complete metacarpal from IM2, dorsal view; 1. Vertebral half of left rib from IM2, superior view. © C. Partiot.

which will fall down leaving the skull uncovered” (Fig. 10b). In the case of immature individual J, the scalp appears
to have been removed by not one, but several longitudinal incisions made from the supraorbital region.

The sectioning into the cranium then appears to be partially standardized, with a circular oblique cut starting
in the frontal region in 7 of the 9 sawn crania (except cranium F and cranium E), as in numerous documented
cases from the West European record, e.g. cases from the medieval cemetery of La Madeleine in Orléans, France!",
from the church of Saint-Hubert in Haccourt, Belgium'®and from the chapel of Saint Laurent in the Cathedral
of Strasbourg, France'. In cranium E, the cut begins on the parietal bone, a lateral approach beginning in the
asterion area?’, also noted in the Sens collection from the end of the 15th century. Cranium F in addition to
the classic circular oblique cut, exhibits an atypical antero-posterior cut in the sagittal plane, probably made

Scientific Reports | (2024) 14:27075 | https://doi.org/10.1038/s41598-024-78258-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Figure 8. A selection of embalming marks on the individual ML2021 from the individual grave. (a) Right
humerus, anterior view; (b) Left tibia, anterior view; (c¢) Third cervical vertebra, anterior view; (d) Rib

fragment, external view. © C. Partiot.

Max |Min |Max | Minwidth

Area | Type Edges/slopes Profile | Symmetry of the edges | Bottom depth | depth | width | (bottom)

1 Scalping striations | Pseudo-vertical | U Symmetry Flat 40 30 30 15

2| Icsionattempts, | P gf}igje"’em“al "y Dissymmetry Irregular 600|200 | 1,200 | 1,000
Cranium F | 2 Striated cutmarks | Concave U Symmetry / dissymmetry | Flat / irregular | 600 400 1,000 | 400

13 Sawing Vertical / convex |V Symmetry dissymmetry / | Very irregular | 75 50 500 20

20 Curved sawing Convex L Dissymmetry Irregular 120 80 800 100

26 Sawing Convex / concave | V Symmetry dissymmetry / | Flat / irregular | 100 50 400 100

1 Scalp no no No No no no no no
CraniumI |2 Striated cutmarks | Vertical /convex |V /L | Dissymmetry Irregular 50 40 400 20

3 Sawing Convex \% Dissymmetry Irregular 40 20 300 20

Table 1. Synthesis of the morphological and morphometric characteristics of the cutting marks analysed
microscopically, no: not observable; D: depth; W: Width; cranium F: adult individual; cranium I: immature

individual. For the precise location of the areas analysed on the two crania, see supplementary information n°7
online.

with a curved blade, such as tool D shown in Fig. 10, before manual removal of a large cranium fragment. In
Fig. 10, the tool is identified by Dionis (1708), the author, as an élévatoire, or trepanning lever, although its shape
differs somewhat from the usual pattern for these tools, which were classically used to lever off the calvarium
in the final stage of its removal, rather than to cut into the cranial vault (Fig. 10a, tool D). Only one occurrence
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Figure 9. Example of a confocal analysis of scalp cutmark on the adult cranium F. Upper: 3D view of a section
of the surface; lower: cross-sectional view of the scalp cutmark. © C. Partiot.

Figure 10. The opening of the cranium. (a) Instruments used for “the opening of a corpse” modified after
Dionis (1708, p. 598). A and B: scalpels; C: saw; D: “élévatoire”, trepanning lever; E: trephine; F: spatula. (b)
Ilustration of scalping, modified after Vésale (1543).

Scientific Reports|  (2024) 14:27075 | https://doi.org/10.1038/s41598-024-78258-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

of such a procedure involving sagittal sawing and manual bone fracturing has been reported previously, in the
medieval sample from the church of Notre-Dame de Cléry-Saint-André?!. Therefore, and paradoxically, the
great care taken to preserve the integrity of the brain, which is illustrated by the frequent manipulations of
the head aiming to avoid damage to the underlying soft tissues, did not prevent the operator from employing
a very straightforward procedure in this case. Cutting of the vault is, however, not systematically observed in
embalming cases from the bioarchaeological record. Cases of thoracic openings without removal of the brain are
documented, for example, in the collection from the Jacobin convent of Rennes (France, 16th centuryg).

Regarding the method of evisceration and removal of the heart, three procedures are documented historically:
(1) laparotomy, (2) sternotomy and (3) thoracotomy. Laparotomy, i.e. opening of the abdomen to perform
visceral exeresis, generally does not leave any trace on bones. Sternotomy involves cutting the sternum along
its median plane, so that the two parts of the thorax can be moved apart to reach the heart. The two parts of
the sternum would then remain attached to the ribs by the cartilage, enabling the body to be returned to its full
volume after the operation. This technique is attested only in rare cases, such as the sawn-off sternums in the
tomb of Louis XI in Cléry-Saint-André, in the Ganagobie priory of Saint-Martin des Champs (Paris) and in the
funeral chapel of Marguerite of Scotland in the church of Saint-Laon in Thouars??. Thoracotomy, on the other
hand, aims to expose the rib cage, separating the sternum from the ribs by severing the connecting cartilage and
removing the sternum to gain easy access to the thoracic cavity. In this case, there is no need to section the ribs,
and the sternum is removed during the operation. In the Chéteau des Milandes, there are very few cutmarks on
the ribs and no sawn rib or complete or fragmented sternum were found, which could support the hypothesis
of a thoracotomy. The fact that the few cutmarks observed on the ribs are found on their external surface could
indicate that they are associated with the prior removal of soft tissue, and their small number would reflect
the care taken in the procedure. This practice would also be consistent with the textual documentation for this
chronological period: post-medieval medical and surgical encyclopedias focusing on embalming practices all
describe thoracotomy as the most appropriate method for retrieving the heart (Georges, 2006).

A crucial finding of our study is that the embalming process involved an extremely thorough defleshing
procedure including the upper and lower limbs down to the tips of the fingers and toes. The operator detached
muscle and adipose tissue from the appendicular skeleton by making incisions perpendicular or oblique to
the axis of the diaphysis of the long bones and in specific anatomical regions (specifically the mid-diaphysis of
the femora, tibiae, humeri, radii and ulnae, as well as the superior surface of the clavicle). While the method
for restoring the volume of the thorax is known and documented, the techniques used to restore the volume
lost through the removal of the limb muscles are still unclear, since the procedure may have been concealed
by covering clothing worn during the presentation of the body. Another finding of particular interest is the
transverse section in the anterior region of the third cervical vertebra, probably corresponding to the cut of the
trachea, previously reported only at the cervico-thoracic junction in the mummy of Louis Bruslon du Plessis
from the Jacobin convent in Rennes’.

Since the embalming of children is extremely rare in this chronocultural context, the Les Milandes collection
seems to be exceptional, with at least five immature individuals who died before 14 years of age, including three
who died between 6 months and 4 years of age. Therefore, one of the main outcomes of the analysis consists of
the precise documentation of a protocol for very young children that seems similar to that for adults from the
same lineage, and equally careful. The section of the cranial vaults of the individuals who died between the 1
and 4 years of age, an extremely delicate step given the thinness of the bone tables, was performed with special
care to preserve the brain as well, as evidenced microscopically by the shallower grooves on cranium I belonging
to a child in this age group. In the few archaeological cases of embalming of young children reported in the
literature, removal of the brain does not appear to have been systematic, as also observed in adult individuals’. In
the Medici family group, for example, the perinate underwent craniotomy, but the five-year-old child apparently
did not®.

In the collection from the Chateau des Milandes, the cutmarks on the postcranial skeletons of the immature
individuals are located in the same anatomical regions as in the adults (mid-diaphysis of the long bones, upper
surface of the clavicle). The presence of cutmarks on the anterior surface of the ilium of one infant is indicative of
complete evisceration and defleshing of the internal cavities. The fact that the incisions appear somewhat more
pronounced in immature individuals is probably due to their thinner soft tissues.

The high number of embalmed individuals and the recurrence of this post-mortem treatment indicate the
existence of a tradition of displaying the dead, which is not explicitly mentioned in the textual sources, but
which is particularly well established within the family. It aims to ensure a long-lasting mortuary ceremony,
probably to give the public time to be informed and to come and pay their respects. The fact that the only
comparable occurrence of this practice in Western Europe is in the Medici family, a very high lineage that
reigned over the Grand Duchy of Tuscany, reflects the particularly high social status of the Caumont family over
many generations, with a strong influence at the regional level and probably beyond. Its application to family
members regardless of the age at death and sex also reflects the acquisition of this status by birth and emphasizes
the great importance of the event of a death in the lineage.

The recurrence and homogeneity of the gestures observed suggest a certain standardization of the protocol
and the employment of skilled operators, either local or from outside the region during the time the chapel
was in use, probably for one to two centuries. They seem to be custodians of a savoir-faire or know-how, which
suggests the existence of systems for transmitting (in writing but maybe also orally? ) the details of the modus
operandi.
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Materials and methods

Osteology and assessment of the minimum number of individuals (MNI)

Excavations were conducted using the techniques recommended by Duday**and combined with
photogrammetric recording?!. The first phase involved cleaning the scattered cranial and postcranial bone
remains and reassembling them in the laboratory. Sex diagnosis was then performed for adult-sized coxal bones
using morphoscopic traits>>and a morphometric method?®. Age at death of the adults was estimated based on
the metamorphosis of the sacropelvic surface of two coxal bones*”. The age at death of the immature individuals
was assessed primarily from tooth mineralisation using the method of Moorrees and colleagues*®*and from
bone growth and maturation®*-32 For the infant who died before one year of age, age at death was also estimated
in lunar months based on the length of a left humerus and viaan estimation of stature, using the logarithmic
formula from the method of Fazekas and Késa®, revised by Sellier and published in Schmitt and Georges*.
This method was chosen because the logarithmic formulae provide confidence intervals and can be applied to
different long bones of individuals from the foetal stage to four years of age®.

Re-association of cranial fragments

Given the importance of cranial remains for analyses of embalming practices, a specific protocol was established
for re-associating the crania and the scattered fragments, following the system of Thibeault and Villotte. The
likelihood of associations between 58 cranial fragments and the reconstructed cranium was assessed two-by-two
based on five criteria (see Supplementary information n°1 online), (A) observation of direct reassembly; (B)
thickness of the vault; (C) colour of the fragment (D) presence of taphonomic alterations or specific biological
characteristics (vascular network, Pacchonion granulations, etc.); (E) morphology of the sutures, and six levels:
a) non-observable (comparison impossible due to taphonomic damage); association impossible (overlapping
anatomical regions or obvious incompatibilities in age at death); c) association unlikely (strong discrepancies
between the fragment and the cranium based on the criteria); d) possible association (the bones do not overlap
and the age-at-death assessments are compatible); e) probable association (the characteristics of the fragment are
highly compatible with the cranium); f) actual association (direct reassembly).

Macroscopic and microscopic analysis

The cranial and postcranial bones (N=1885) were systematically examined macroscopically and with a
stereomicroscope for the marks of post-mortem treatment (i.e., cutmarks left by cutting instruments and
surfaces and organic material possibly associated with the operation). Each consistent unit of cutmarks (isolated
incision or group of nearly identical striae in the same region) was photographed at high magnification using
Helicon focus stacking software, and described in a database according to the terminology (see Supplementary
information n°2online) and to 12 criteria based on reference publications in bioarchaeology, archacozoology
and taphonomy*’-*5

o location (bone, area, location in relation to the reference plane).

« number (1, 2, 3 or bundle).

« trajectory (straight, slightly bent or curved, sinuous, angular).

« orientation in relation to the reference plane (parallel, oblique, perpendicular).

o length (about 0.5, 1, 2 or more than 3 cm).

« width estimated with the naked eye (thin, medium or wide).

o depth estimated with the naked eye (superficial, medium, deep).

o distance between the striae estimated with the naked eye (in mm, “null” if the striae are next to each other,
“abs” if there is only a single cutmark).

« overlap between cutmarks.

o “shoulder effect”.

« internal microstriations.

o “barb effect”

Based on these descriptions, the relative chronology of the cutmark units was examined to determine the
sequence of gestures.

Microscopic analysis

Microscopic analysis of nine selected cutmark units (6 on the adult cranium F and 3 on the immature cranium
I) was performed using a SensoFAR confocal microscope and SensoMAP Standard 7 software. Cranium
F was selected because it is the only cranium in the collection where the marks of a curved blade tool were
identified. Cranium I was selected because of the number of preserved cutmarks, and because its good skeletal
representation allowed an accurate analysis of the different stages of the process.

Different types of cutmarks were selected for both crania (scalp marks, saw bounces, saw attempts, saw cuts),
of which two consecutive non-destructive casts were made with COLTENE PRESIDENT regular silicone. Every
second cast was analysed with the confocal microscope in autofocus mode at x20 magnification, creating a 3D
view of the surface topography, and then a profile curve, with the surface mirrored in Z and levelled to correct
the underlying general shape (levelled least squares method) and with extrapolation of the missing points (filled-
in non-measured points, see Supplementary Information n°7 online).

The criteria observed were:

« the nature of the edges (vertical or oblique).
o symmetry or asymmetry of the edges.
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« the general profile of the incision (U-shaped or V-shaped).

« the nature of the bottom (flat or irregular).

o an order of magnitude of the minimum and maximum depth of the striae.
« an order of magnitude of the width of their bottoms.

Discrimination between taphonomic alterations and anthropic marks

The differentiation between taphonomic alterations that may mimic cutting marks, on the one hand, and
genuine human-made marks, on the other hand, was based on criteria highlighted in the reference taphonomic
and archaeozoological publications used for the macroscopic description®’~**, as well as on the experience of
the observers, who are familiar with various osteological collections from different contexts. Several factors
were therefore taken into account to identify and exclude taphonomic alterations of potentially different origin
(sediments, roots, animals, etc.).

Excluded were marks located in areas with poorly preserved cortex, shallow striae with a particularly irregular
or blunt trajectory, marks with rounded bottom and blunt outer edges, or bundles with multiple randomly
oriented striae.

In some cases (e.g. the long bones of the individual ML2021, Fig. 8a and b), the symmetry of marks between
the left and right sides of the same individual has been a factor in ruling out a taphonomic origin. In others,
(e.g. putative scalp marks on immature crania), the hypothesis of taphonomic marks was ruled out based on
the microscopic features of the striae’® (for cranium J) or the similarity in morphology and trajectory with
microscopically attested cutmarks. If the human-made nature of the marks was still ambiguous after macroscopic
observation and binocular magnification, they were excluded from the analyses as a precaution.

Data availability

The scattered remains from the crypt are available for study on request at the CNRS UMR 5199 PACEA labora-
tory (Université de Bordeaux, Batiment B8, Allée Geoffroy Saint Hilaire, 33615 Pessac, France). The remains of
the elderly lady ML2021 have been reburied on the site. The dataset with the macroscopic description of each
consistent unit of cutmarks is available in French from the corresponding author on reasonable request.
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