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INTRODUCTION

The term trepanation or trephination re-
fers to a deliberate perforation of the cra-
nial vault in vivo with the removal of a
portion of skull bone. The former term
comes from ancient Greek tpumavoy
meaning trepan, while the latter comes
from Latin tres fines (three ends) referring
to the three-arm drilling tool invented in
the 16th century Common Era.
“Trepanation” is used more frequently
for ancient human remains because it is
more generic and does not necessarily
refer to the technique used. Practiced
since ancient times, this surgery falls
squarely within the history of medicine.
One of the pioneers of neurology and
neurosurgery, founder of modern
anthropology, and staunch supporter of
head surgery since prehistoric times was
Paul Broca. He hypothesized that this
surgical practice was applied in the belief
that the demons that caused seizures
could escape through the cranial holes.”™
Beginning with an early case of

The trepanation, a surgical procedure performed on the skull, finds its roots in
prehistoric times. This investigation delves into the analysis of the trepanned
skulls housed at the Musée de I'Homme in Paris, focusing on those found in
France, a region abundant in archaeological evidence of early neurosurgical
techniques. With the opportunity to scrutinize these human remains, our study
aimed to analyze the dimensions of Neolithic trepanations across 41 skulls. We
particularly explored the relationships between minimum and maximum hole
diameters, revealing a strong interrelation. Additionally, we successfully
applied a straightforward protocol to determine the perforation area in ten
Neolithic trepanations. These findings shed light on the medical practices of
ancient civilizations, particularly in France during the Neolithic era. Moreover,
this study underscores the significance of museum collections as valuable re-
sources for scientific inquiry and the historical understanding of medicine.

trepanation on an Incan skull that had
been shown to him by Ephraim George
Squier,> Broca could confirm the
prehistoric practice of trepanation thanks
to the discovery in France of hundreds of
trepanned skulls—many of them dating
back to the Neolithic period.®” Given the
numerous cases of trepanned skulls
found, Broca suggested that prehistoric
cranial surgery existed with 2 different
types of operations: 1) operations on the
living person as evidenced by the signs
of short-term healing (osteoclastic activ-
ities around areas of necrotic bone) or
long-term healing (extended remodeling
and margin rounding); and 2) postmortem
operations to produce roundels,” as
Pruniéres named these skull fragments
because of their generally round shape.®
Evidence of skull trepanation occurs in
many areas of the world, particularly in
South America (among others:°™). The
earliest evidence dates back to the
Mesolithic,"7  and  then  became
increasingly frequent in the Neolithic.">™®
Numerous ancient trepanations show
clear traces of healing; sometimes the
person drilled survived for a long time,
testifying to the operating skills of the
surgeon who performed the cranial
surgery.”>'® The practice of trepanation is
speculated to have been therapeutic,
cultural, or symbolic.*® Based on current

ethnographic data, both therapeutic and
ritual motives are to be considered
acceptable.”” Specifically, theories
supporting therapeutic motivation
suggest that individuals were subjected
to trepanning to relieve intracranial
pressure caused by injury or pathology.
Cultural theories propose that the
trepanation was related to magical-
religious motivations or other ethnomed-
ical customs within the community.” Of
course, a key distinction in motivations
for the cranial intervention must be
made considering whether it was
performed in vivo or postmortem, and
thus without therapeutic motivation for
the person undergoing the procedure.””
However, in medieval Europe, these
roundels/amulets were believed to have
healing properties when worn.” In any
case, the real motivations for the surgical
practice in antiquity are difficult to
ascertain since the anthropological study
of these ancient trepanations has only
skeletal evidence available.

In the present study, we proposed an
investigation of a sample of trepanned
skulls conserved in the Musée de
I'Homme in Paris (France) and coming
from several geographical and chronolog-
ical ranges. Within this sample, we intend
to give specific attention to the Neolithic
subsample from France, which is the most

WORLD NEUROSURGERY 190: 131-140, Octoser 2024

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY 131


Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2024.07.042&domain=pdf
mailto:emanuela.gualdi@unife.it
https://doi.org/10.1016/j.wneu.2024.07.042
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
http://creativecommons.org/licenses/by/4.0/
www.journals.elsevier.com/world-neurosurgery

EMANUELA GUALDI-RUSS0O ET AL.

HISTORICAL VIGNETTE

ANCIENT TREPANATIONS

representative of the whole collection.
This is to provide further insight into this
practice in prehistoric times and to test a
simple protocol to investigate and quantify
the extent of the trepanations.

LESSONS FROM THE MUSEUM
COLLECTION

The anthropological collection of the
Muséum National d’Histoire Naturelle
(MNHN, Paris) stored at the Musée de
I’'Homme can be useful in making tangible
some topics related to trepanation and, at
the same time, in examining the general
trend of this surgical procedure, taking
into account the amount of available hu-
man materials, especially from the
Neolithic period. The collection of skulls
and cranial fragments with the presence of
perforations is very large and comes from
every part of the world and period (from
the Epipaleolithic to the modern age)
(Figure 1A).

Among the frequently reported causes
for cranial trepanation also accounting for

the higher frequency in the male sex are
head wounds from battles,***> as probably
attested by the skull features shown in
Figures 1B1 and B2.

Nevertheless, several can be the reasons
for a cranial hole, from depressions/
openings, frequent in the elderly, caused
by the thinning of the parietals to pathol-
ogy (infections, tumors, trauma).*® In
addition, animal activities may also have
intervened after the burial of the corpse
producing damage. Moreover, defects in
ossification can simulate trepanation: in
the MNHN collection, we found an
interesting case of pseudo-trepanation
with holes due to ossification failure
(Figure 1C). This developmental defect
(enlarged parietal foramina or Fenestrae
parietales symmetricae) has an autosomal
dominant inheritance and is
characterized by wvariable defects in
intramembranous ossification of parietal
bones. It is a rare genetic disease with a
prevalence of 1—9/100,000.%”

Another specimen of particular interest
is the cranial roundels/amulets obtained

Figure 1. - Human remains from the collection of the MNHN (Paris). (A) Skull with partially healed
trepanation on the left parietal and funeral rite attributes (Nuku Hiva, Marquesas Islands) (Code AM
4-2, 4851). (B1 and B2) Images of the same skull of a New-Caledonian from the Isle of Pines (Code
AH 9—3, 9248): (B1) Sharp cut scarring on the parietals (posterior view); (B2) Possible cicatrized
trepanation on the frontal bone (superior view). (C) Pseudo-trepanation: enlarged parietal foramina
found in a female cranium (Gadar Cave, Great Canary Island) (Code BB 6—2, 28599). MNHN, Muséum

National d'Histoire Naturelle.

by postmortem procedures (Figure 2A and
B). Special attention and care were given
to the removed disc, such as polishing
the margins and, in some exceptional
cases, a groove or a hole to facilitate the
attachment of a tie so that it could be
worn,” as shown in Figure 2B. The first
reports of roundels obtained by cranial
trepanation during the Neolithic date
from 1873, with the discoveries of
Pruniéres in the Lozeére and de Baye in
the Marne. Their interpretation was ritual
or therapeutic.”® In general, their size is
within the range of 20—40 mm, although
they can reach more than 1o cm.®

The trepanations observed in the cra-
nium from the anthropological collection
of the MNHN were obtained by different
techniques, from scraping to grooving,
from drilling to cutting using a sharp in-
strument (made of stone or iron). Hole
features depend on the method used for
the trepanation, as given below and in
Figure 3.

Scraping

The scraping technique (Figure 3A)
involves the gradual abrasion of the outer
skull table and diploe with exposure of
the inner table, which can be scraped or
carefully broken.® The tool used was
generally lithic, with a flat abrasive
surface. Multifaceted stones or advanced
tools such as scrapers (raspers) were also
employed in this technique.”® The
obtained perforation generally has an
ovoid shape with a large abrasion ring
around the hole, with external
inclination.” This is the oldest technique
for trepanation and was the most widely
practiced in the Neolithic period.”

Grooving

The grooving technique (Figure 3B) involves
circumscribing a circular or oval portion of
skull bone by repeated cuts with a sharp-
tipped stone until a disc of bone can be
removed.*® In practice, the bone is pierced
by applying pressure with a sharp
instrument that is repeatedly passed back
along the groove to the diploe.>”

Drilling

This technique (Figure 3C) involves
drilling the skull bone with a hard, sharp
stone or metal element until a truncated
conical hole—the diameter is larger in
the outer cranial table than in the inner
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0,5 cm

Figure 2. Neolithic skull fragments obtained by trepanation from the Dolmen D’Aiguieres (Lozére,
France). (A) Neolithic cranial disk (rondel) (Collection of the MNHN, Code AM 2—5, 17360). (B)
Rondel/amulet of irregular shape with a small hole (in the red circle) to suspend it with a lace
(Collection of the MNHN, Code 17357). The first drawing of this rondel from the Pruniéres collection
was published by Broca in 1877 (Finger, Clower, 03). MNHN, Muséum National d'Histoire Naturelle.

one—is obtained with a circular
contour.””?" The cutting edge is clean
and without abrasions surrounding the
hole, even though grooves or
microfractures may be present.*'

Linear Cutting with Angular Intersection
(Rectangular Incisions)

This technique (Figure 3D) involves 4
straight incisions intersecting at right

angles and the removal of the
intermediate fragment.”® This method,
scarcely employed in Europe, has been
practiced mainly in South America. This
type of trepanation was initially performed
with flint, obsidian, or other hard stone
knives, and later with metal tools,
resulting in various polygonal shapes,
mainly rectangular. A curved metal knife
(tumi) was used for this purpose in Peru.?

Cranial Trepanations of the MNHN
Collection: A General Overview

The anthropological collection of the
MNHN is composed of thousands of hu-
man remains, for the main part, stored at
the Musée de 'Homme. For storage and
accessibility, all the specimens have an
inventory number associated with all the
information available (among others:
location of the finding, chronology, sex,
origin of the collected specimen, and pa-
thology). To gather all the available spec-
imens for the present study, we asked the
collection managers to extract from the
whole database all the specimens pre-
senting a trace of trepanation (attested or
suspected). In total, 159 specimens have
been subsamples for the present study
coming from several geographical areas
and chronological ranges.

A general overview of the characteristics
of this sample is given in Table 1.

The most frequently trepanned skull
bone is the left parietal followed by the
frontal and occipital, while the temporal
would be less frequently trepanned.
Seventeen percent of the skull fragments
were too damaged to determine the exact
locations of the trepanation and, for the
same reason, the side of the trepanation
could not be determined in 14% of cases.

Figure 3. Different trepanation techniques: (A) Scraping on the
left parietal of a skull from the Merovingian period (Aulnizeux, La
Vignette, Marne, France; Collection of the Musée de I'Homme,
Code AJ 2—1, 23119): lesion with signs of bone healing after
trepanation by scraping as evidenced by the characteristic
abrasion beveling. (B) Incomplete trepanation by grooving on the
left parietal (experimentation by Dr. Capitan; Collection of the

Musée de I'Homme, Code AA 7—1, 28815). (C) Top view of a
skull with 4 drillings performed using a crown of 256.3 mm
diameter, 15th century (Bale, Switzerland; Collection of the
Musée de I'Homme, Code AB 4—4, 6619). (D) Cranial cast with a
trepanation by rectangular incision technique (Collection of the
Musée de I'Homme, Code BB 5—3, 28590).
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Table 1. Comparison of Trepanations by Place of Origin, Anatomical Region of the Skull,

Side, Sex of Diagnosed Remains, Trepanation Technique, and Presence of Survival

Signs
Specimen
Number of Discovery Place Locations on the Skull Surgical Technique
Specimens (Era) Sex Skull Bones Side (% Survival by Technique)
159 45.2% France 56% 49.7% parietal 37% 28.9% scraping (87%)
(Nealithic) males 6.3% occipital left 57.2% grooving (59.3%)
o . 44% 0.6% temporal 25% 10.1% drilling (12.5%)
e EuArogi)(MlddIe females 17% ND midline  3.8% rectangular incision
Y 24% (0%)
11.6% Europe i
(various) [
ND

3.2% Africa (various)
0.6% Morocco
(Epipaleolithic)

2.6% Asia (various)

7.7% Oceania
(various)

13.5% South
America (pre-
Columbian)

0.6% North America
(Paleoindian)

10.3% other

ND, not determinable fragment.

The highest frequency of trepanned diag-
nosed individuals was males. The
grooving technique was found to be the
most frequent; this technique was the
most widely used in Europe perhaps due
to its greater ease of execution.”® As for
the place of origin, most specimens are
obviously from the French territory,
where a vast number of cranial remains
with trepanations have been found since
the late 1800s. In particular, most of
these specimens come from the Lozére
and Paris Basin regions, starting from
the Neolithic and continuing into the
Eneolithic and later periods. In the same
places, a large number of roundels/
amulets  obtained by  procedures
performed postmortem were also found in
the course of archaeological excavation
campaigns.

Dimensions of Cranial Trepanations in the
French Neolithic

In France, the earliest trepanned skulls
recorded are from the early Neolithic

period.> This surgical practice seems to
intensify in later periods between 3500
and 2000 Before the Common Era.
(final  Neolithic-Chalcolithic).?*  The
human remains from the French
Neolithic conserved in the MNHN were
found in the late 1800s to early 1goos at
sites with collective and multiple burials
in a single funerary site (cave or
dolmen).* These archaeological
excavations took place mostly under the
direction of Fouju, Lemaire, De Baye,
and Pruniéres, and the human remains
with perforation were generally sent to
the Anthropology Society in Paris for
subsequent study by Broca and
Manouvrier.>>3° Figure 4 shows the
location of the sites from which the
French Neolithic remains preserved in
the MNHN originate.

The state of preservation of most of the
cranial remains from this collection is
relatively poor. However, it has been
possible to gather the dimensions of 41
perforations by detecting the minimum

and maximum diameter using a digital
caliper. The mean dimensions obtained
for each measurement are a minimum of
29.5 + 20.7 mm and a maximum of
54.3 & 26.1 mm.

To investigate the relation between the
2 measured diameters of the drilled holes,
a linear regression analysis (Figure 5) was
performed between the minimum and
maximum diameters of each specimen.
This analysis, obtained by randomly
assuming maximum diameter as the
dependent  variable and minimum
diameter as the independent one,
generates the following formula:

Maximum diameter = 26.5 + 0.9 X X
(where x is the minimum diameter).

The main parameters obtained from the
regression analysis are shown in Table 2.

Scatterplot and linear regression anal-
ysis (Figure 5) in the selected sample (41
Neolithic  trepanations) show  that
maximum  diameter  increases  as
minimum diameter increases (positive
linear association). In particular, Table 2
shows the results of the performed
simple  linear  regression  analysis
displaying the association between the 2
considered diameters of trepanation.
According to these results, for every one-
unit increase in minimum diameter,
there was a corresponding 0.943 mm in-
crease in maximum diameter. The
regression model’s value of R* and P
(based on F(1, 39) = 49.293) suggests that
the perforation minimum diameter allows
the prediction of the other diameter, ac-
counting for 55.8% of the variation in the
maximum size of the hole.

Overall, the area of trepanation may be
very important because larger trepanations
are known to carry a higher risk of sur-
vival.” Nevertheless, attempts to assess
this area are sporadic or absent in the
literature.>” In this context, we selected
10 crania presenting the best-preserved
trepanation to quantify the trepanned
area. For that, we used photographs in
orthogonal projection and the Image]J
open-source software to trace the approx-
imate boundaries of the area,® as reported
in Figure 6, as an example. The
circumference or polygon delimiting the
trepanation does not take into account
the area of scarring. This technique may
also be used to virtually reconstruct the
trepanation area even when it is
damaged.””
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Figure 4. Location of the main provenance sites of the Neolithic human trepanned remains preserved
at the Musée de I'Homme (MNHN). MNHN, Muséum National d'Histoire Naturelle.

DISCUSSION AND CONCLUSIONS

Trepanation is the oldest documented
surgical procedure with more than 1500

The results of the analysis of these 10
Neolithic trepanations are provided in
Table 3.

140
@ Grooving °
® Scraping )
120+
£ . :
£ 100+ g
s Lo
£ 80- -
) o .o
£ . gl
° -7 . ® o
£ 60 o ¢ o®
> e
£ ‘. S 7 " e °
3 401 &°* seo ¢
< e
'Y ) L)
20 e
o
0 I I 1 I
0 20 40 60 80
Minimum dimension (mm)
Figure 5. Scatterplot of 41 Neolithic trepanations from France showing the
relationship between the minimum and maximum diameters of the
trepanation.

skulls discovered worldwide.”* Some of
these trepanned skulls show clear signs
of healing and others show none. In the
latter case, it is not possible to know
whether death occurred because of the
surgery or because of the worsening of
the pathology that had suggested the
surgery.

The present study proposed an investi-
gation of trepanations found on skulls or
skull fragments on specimens from the
Muséum national d’Histoire naturelle of
Paris stored at the Musée de 'Homme and
dated between 6000 and 2200 years Before
the Common Era. In total, 159 specimens
from this collection are reported as
bearing traces of attested or suspected
trepanations. From this collection, it
seems that most of the securely sex-
determined specimens presenting a trep-
anation are adult males. This observation
is in line with the general trend observed
in worldwide trepanations reported up to
date.?>4° The general observation and the
analysis of the overall information
available for this collection allowed us to
obtain a general view of the
phenomenon by delving into specific
aspects such as the size of cranial
trepanation.

France, with some seventy archaeolog-
ical sites, stands as a primary center for the
study of trepanation in the Neolithic. In
particular, the greatest concentration of
trepanned skulls is from the Lozere, the
Languedoc-Roussillon region, and the
Paris basin.*' Outside France, evidence of
cranial trepanations dating back to the
Neolithic period has also been found,
specifically in several other European
nations (see among others:">"9:*9:39:4%),

Earlier trepanations generally have round
shapes with diameters of 40—50 mm.*>%*
In the present study, the analysis of the
French Neolithic trepanations shows a
similar trend with mean diameters
ranging from about 29 to 54 mm.
However, we observed a greater
variability, with some trepanations’
diameters exceeding 100 mm or falling
below 10 mm. Small perforations are
believed to result in less blood loss during
surgery.” These surgeries could be
performed quickly, reducing the risk of
infection. In addition, the small size of
the trepanation results in less pain,
especially when performed quickly.” An
additional important element in avoiding
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Table 2. Simple Linear Regression Analysis of Trepanation Minimum Diameter on the

Maximum One

Variable B SE B t P Value

(Constant) 26.454 4818 5.490 0.000003

Minimum diameter 0.943 0.134 0.747 7.021 <0.000001
R? 0558

P <0.0000001

B, unstandardized regression coefficient; SE, standard error of B coefficient.

lethal infection was not to nick the dura
mater during surgery. In a study of 71 pre-
Columbian Incan skulls conducted in
Peru, only 22.5% of them showed no evi-
dence of healing.® According to other
anthropological studies, the evidence of

healing ranges from 50 to 96% depending
on places and times.?”*% Overall, the
MNHN specimens from different epochs
and places are also included in these
percentages with special reference to the
scraping and grooving techniques that

{ lImage)

“More Tools”™ menu (swilch toolsets or add tools)

File Eodt Image Process Analyze Plugins Window Help

o clol~«|+/8|Ala o) 2]

Dwe Stk J c;/ ,»

(yellow line) to approximate the hole.

Figure 6. Measurement of the trepanation area with ImageJ in a male skull
from Feigneux (Oise, France; Collection of the Musée de I'Homme, Code
28816). Among the tools provided by the program, a circumference was used

would have provided better survival,
consistent with  previous studies.?®
Scraping especially has emerged as the
least invasive technique with the highest
chance of survival, as shown in the
literature.”3°

The results of our study show that the
maximum and minimum diameters of the
holes are strongly correlated one to the
other, meaning that it is possible to pre-
dict the dimension of one of the 2 mea-
surements knowing the other. This
pattern, evidenced by regression analysis,
is certainly largely due to the predomi-
nantly circular or oval shape of the holes.
This observation and simple methodolog-
ical approach have the potential to be
useful in the future for fragmented speci-
mens to estimate the overall dimension
and shape of the drilled holes.

Indeed, the size of the perforation may
in turn be an important element in
assessing the expertise of these ancient
surgeons as well as for patient survival. In
addition to the measurement of hole di-
ameters, the application of a simple
method of assessing the area of trepana-
tion in Neolithic human remains has
proven to be quick and effective. This
methodology is especially advisable when
the holes have incomplete (fractured)
edges or are oblong with an irregular edge
since diameters are not sufficient to
describe their size.

The MNHN has allowed us to examine,
from their collection, the numerous spec-
imens bearing evidence of cranial surgery
from all parts of the world, particularly
from the French Neolithic period. We
believe that this evidence is very important
in trying to understand the origin of to-
day’s neurosurgery by tracing its earliest
steps. It is still debatable and disputed
how many of these Neolithic surgeries
could have been successfully performed
with primitive instruments and without
any other pharmacological support, such
as anesthetics or antibiotics. To address
these deficiencies, the use of sterilized
lithic tools and plants with natural anal-
gesic and antibiotic qualities has been
hypothesized.“*>° The high survival rate,
despite the danger of cerebral edema,
infection, hemorrhage, and shock, is a
clear indication of the high level of skill
and experience of these early surgeons
who performed the trepanation (probably
mainly extradural according to™).
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Table 3. Dimensions of the Trepanation Areas Measured on 10 Neolithic French Trepanations

Specimen
Macroscopic Type
Geographical Lesion Healing Main Trepanation -Conservation
Location Site Code Shape Signs Technique* Area (cm?) Location of the Trepanation Hole Status- Specimen Image
Ivelines Les Mureaux 23304  Oval X G ~10 Right side of parietal and occipital bones (1) Skullcap
Circular s G ~5.1 Left parietal bone (2) -Poor-
L'Etang-la- 30424  Qval X S 15 Middle of the left parietal bone Skullcap
Ville -Poor-
Montigny-  AB-24  Elliptic - G 23 Left parietal bone Cast
sur-Crécy -Medium-
Elliptic - G 9.4 Right side of parietal bone and temporal bone.
Montigny- 24859  Oblong X G 29 Along the sagittal suture on both parietal bones and in the upper Skullcap
Lengrain part of the frontal. -Medium-

The museum classification code and some descriptive elements of the surgery are given. The red star indicates the region of origin of the specimen in the first column.

*G@, grooving; S, scraping.
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Specimen
Macroscopic Type
Geographical Lesion Healing Main Trepanation -Conservation
Location Site Code Shape Signs Technique* Area (cm?) Location of the Trepanation Hole Status- Specimen Image
Oise Montigny- 28816  Circular X G 232 Left side of parietal bone along the sagittal suture Skull
Feigneux -Good-
Baye Cave 24805 Circular X S Left side of the parietal and frontal bone Cast
-Good-
Molincourt 29541  Elliptic X S Left side of the frontal bone. Skull
-Good-
Morbihan Port-Blanc 28603 Irregular X S Left and right sides of parietal bones from the lambda to the Skullcap
dolmen middle of both parietal bones. -Poor-
The museum classification code and some descriptive elements of the surgery are given. The red star indicates the region of origin of the specimen in the first column.
*G, grooving; S, scraping.
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We conclude by pointing out that un-
doubtedly an important contribution to
understanding medicine in antiquity and,
in particular, neurosurgery can come from
anthropological  records.  Differential
diagnosis, presurgical pathologies, post-
operative infection, survival rates, and
shape and size of the perforation certainly
represent important issues that deserve to
be further investigated on ancient human
remains characterized by the presence of
cranial holes.
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