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Abstract. Artificial cranial modification (ACM) and trepanation are medical treatments with a long history
in many human societies. Here, we present data on ACM and trepanation in pre-Hispanic Peruvian popu-
lations from the collections housed at the Museum of Anthropology and Ethnology, University of Florence,
Italy. The Museum has a rich and important collection of medical-related specimens, including human re-
mains and instruments. Altogether, we investigated the presence of ACM and trepanation in 370 skulls from
Peru and associated medical tools. The majority of the osteological remains came from the Lima region and
Cuzco. Among the 370 skulls analyzed, 285 skulls showed ACM. The distribution of these modifications
was similar in all age classes; no differences between the sexes were found. However, we found differences in
the type of ACM. The Lima samples showed the tabular type, while the Cuzco samples showed the annular
type of ACM. Trepanation was found in 12 specimens, mainly from Cuzco. Trepanation was achieved using
two methods: scraping and circular grooving. Sixteen instruments related to medical processes were described
and studied from the ethnological collection. Chisels were found as funerary belongings, thus indicating the
importance such tools had for these populations and the association between medical treatments and magical
and religious rituals. This evidence confirmed the specialized knowledge and advanced medical practices that
pre-Hispanic populations had because most individuals survived the trepanation events.
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Introduction

Pre-Hispanic Peruvian populations are well
known for their knowledge of medical techniques and
treatments (1). Archeological evidence testifies that
even early settlers of this region, such as the Paracas,
practiced trepanation since 3000 BC (2). Various pop-
ulations that inhabited this area over the millennia had
advanced anatomical and pharmacological knowledge,
as documented by the use of different plants rich in
antiseptic components such as tannins, saponins, and
cinnamic acid (3). Archeological evidence from the
Inca empire shows an increase in trepanation frequen-
cies (4, 5). Most trepanned specimens show healing

and rarely become infected. Survival rates were higher
than 80%, which indicates that these populations had
specialized knowledge in these medical treatments and
the pharmacological use of plants. By comparison, it is
astonishing that in Europe in the 18th—century, trepa-
nation fatality was almost 100% (6).

It has been hypothesized that reasons for trepa-
nation might have been related to traumatic events,
fractures, diseases of the cranium and scalp, cranial
infections, epilepsy, headaches, mental disease, and
even thaumaturgic rituals (3-5, 7). The surgical in-
struments used for operations were chisels made of
copper, silver, gold, obsidian knives, the famous 7um:
(a metal instrument with a crescent blade and a short
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central T-shaped handle), bone elevators, dura protec-
tors, tweezers, and suturing needles (3). Cotton band-
ages and hemostatic wool tourniquets were also used.
Little is known regarding anesthesia, which may have
been based on herbal preparations containing coca,
datura, or yuca. It is highly probable that alcoholic
beverages such as chicha, made from fermented corn,
were given to patients in large amounts for their sop-
orific effect (2, 3).

Another cultural practice of pre-Hispanic Pe-
ruvian populations was artificial cranial modification
(ACM). This practice is well known and documented
in Peruvian archeological samples (3). The two main
types of vault shape modification were tabular and
annular with different micro variants (8-12). Tabular
modification employed rigid support acting mainly on
the frontal bone and the occipital bone, which led to a
flattening of the skull with a lateral expansion of the pa-
rietal bones. Annular modification probably employed
bandages or caps covering the head, which acted on
the circumference of the skull (9, 12). ACM is a per-
manent body modification probably associated with
different ethnic and social groups. Head shaping could
only occur in the first few years of life when the cranial
bones were malleable. The decision to modify the head
shape, which was made by a parent or close kin, re-
quired specialized knowledge to shape the child’s skull
in a specific form (10). Since head shape could not be
changed later even if an individual wanted, ACM be-
came a powerful, entrenched marker of group identity
(5, 8,10-13) and, importantly, required great attention
from the specialist to reach the desired result. Intrigu-
ingly, previous studies on cranial modification in the
Andes did not find differences based on the skeletal
sex of the individuals (8, 10, 11, 13).

We report trepanations and ACM cases and
medical instruments composition in the pre-Hispanic
Peruvian collection housed in the Museum of Anthro-
pology and Ethnology, University of Florence, Italy.
Such evidence highlights the detailed medical knowl-
edge in pre-Hispanic Peruvian populations. We aim
to describe and quantify the composition of the col-
lection in order to build a base for future studies on
trepanation and ACM. Here, we provided an updated
revision of the material housed in the osteological and
ethnological collection for the first time.

Materials and Methods:

A total of 370 skulls and calvaria housed in the
Museum of Anthropology and Ethnology of Florence
were studied. The specimens belonged to the Peruvian
collection and were collected by different scientists and
explorers during the end of the XIX and beginning
and XX centuries. The specimens came from different
places (Tab. 1). This collection was primarily contrib-
uted to the Museum by Ernesto Mazzei (1843- 1905),
a medical doctor and professor. Between 1875 and
1884, Mazzei lived in South America and collected
a large sample of osteological and ethnological spec-
imens from pre-Hispanic Peruvian sites (14-16). The
pre-Hispanic Peruvian collection housed in Florence
is also composed of smaller donations and acquisitions
from the end of the XIX and the beginning of the XX
century. Unfortunately, the provenience and age of
specimens are not always well documented. While the
cultural material can often be connected to a specific
culture through stylistic, contextual, and iconographic
associations (z.e., the Chimu culture), the osteological
samples often lack specific chronological information
for the period and culture they belonged to. This is a
common problem for 19th‘century European scientific
collections.

However, we know that most specimens come
from a pre-Hispanic chronological framework. This
is true for most of the Lima specimens. This regional
group comprised many specimens collected from the
Ancon necropolis. Ancon necropolis was occupied
sometimes around the Middle Horizon (600-1000
AD) until the Late Horizon (1450 AD- 1540 ca. AD)
(17). Specimens from Ancon are 210 on 275 specimens
grouped from the Lima region. Another 34 specimens
from Lima were collected from Huacas in Lima; we
lack more precise information regarding which Huaca
but such places were built and used by pre-Hispanic
cultures (18). The specimens from Cuzco, rich in annu-
lar cranial modification, could also date to the Middle
Horizon or the Late Horizon, when this kind of ACM
was more common (8). As for the other collections,
we have no indication of their exact chronology ex-
cept the presence of ACM, a practice that disappeared
after European colonization. Future analysis involving
direct dating of the specimens could resolve this issue.
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Table 1. Geographic distribution of the specimens housed in
the Florence osteological collection.

Geographic Location N of individuals
Lima region 275
Cuzco region 48

Tacna 3
Cajamarca 1
Titicaca Lake 2
Unknown 41

Total 370

We then investigated the presence of medical in-
struments in the ethnological collection. We selected
a total of 16 specimens from the historical catalog.
Historical and ethnological studies on these specimens
were carried out to associate them with specific chron-
ological and cultural periods (14-16, 19, 20). We also
compared the Florentine collection with the informa-
tion from the online catalog of the British Museum
and the Metropolitan Museum. Following these anal-
yses, a brief description of the use and manufacturing
of these tools was made.

This research grew out of investigations into the
composition of the Museum’s collections. Sex assess-
ment and age estimation followed standard methods
used for other Museum osteological collections. Sex
was assessed by cranial features of the specimen (21),
while age was estimated by dental eruption (22), den-
tal wear (23), and suture closure (24). The sample was
divided into the six age classes traditionally used at the
Museum for the osteological collections: I infancy (0-7
years old), I infancy (up to 14 years old), adolescence
(up to 18 years old), adult (up to 40 years old), mature
(up to 60 years old), senile (above 60 years old).

For each specimen, we recorded the presence or
absence of Artificial Cranial Modification (ACM) fol-
lowing the standards of Torres-Rouft (10, 11). The two
main types of ACM were visually categorized as tabular
(presence of parietal expansion) or annular (circumfer-
ential elongation) “Since vault modification relies on
the visibility of the deformation as a social signifier.”
(10). It is essential to correctly identify ACM since
other pathological conditions might mimic this mor-
phology, such as micro-, macro-, and hydrocephaly,
osteomalacia, and craniostenosis. However, as

mentioned by Torres-Rouff (12), it is hard to confuse
ACM with other pathological conditions. In any case,
our sample did not present any of the other charac-
teristics linked to such pathologies (i.e., disproportion
of the neurocranium, low weight, unexpected and/or
asymmetrical suture closure pattern) (12). All micro
variants associated with varied angles, pressure, num-
ber of pads used, their positioning within the sample
were documented in the laboratory following Pardini
(25). However, comparison, frequency, and statisti-
cal analyses were only completed on the main types’
frequencies because this study addresses questions re-
garding the overall composition of modified skulls in
the collection. Moreover, in contrast to micro variants,
which were more variable and changed frequently, the
main types (tabular and annular) were practiced in a
region for a longer time (8).

We also investigated the presence or absence of
trepanation in the entire sample of 370 specimens.
The side, size, bone location, number of trepanation
events, and evidence of healing and bone remodeling
for each individual were recorded. We grouped the
trepanation types as in previous publications accord-
ing to the different techniques used: scraping, circu-
lar grooving, drilling and cutting, linear cutting (3, 5,
26). As per ACM, trepanation can also be confused
with other pathological conditions such as congeni-
tal and developmental anomalies, trauma, infection,
neoplasm, and taphonomic damage (26). When bone
shows evidence of trepanation, such as cut marks or
scrape marks, it is easier to identify and correctly
address trepanation techniques. However, healed
cranial defects are challenging to interpret. In these
cases, the causative mechanism may be obscured by
bone remodeling. However, position, presence or ab-
sence of radial or concentric fractures, evidence of
taphonomic damages are all factors that need to be
considered to increase our confidence in identifying
trepanation. Verano (26) noted that this is particu-
larly problematic when describing trepanation cases
in a population where trepanation was not previously
reported. In our case, the collection studied is derived
from populations well known for their neurosurgical
ability and, therefore, we are confident that bone loss
found in the sample most of the time is related to
trepanation events.
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Statistical analysis

We investigated the frequencies of ACM events.
As mentioned above, all analyses were conducted
grouping ACM in two main types of bone modifica-
tion: annular and tabular. We tested whether different
age classes showed different ACM frequencies across
the complete sample by performing a chi-square test
on the frequencies of modified and unmodified spec-
imens in each age class. Then we focused on two sub-
groups based on geographical origin: the first and
more abundant group comes from the Lima region and
comprises the vast collection from the Ancon necrop-
olis; the second group comprises specimens from the
Cuzco region. Focusing on these two subgroups, we
compared similarities and differences in frequencies
of modification, sex distribution. We performed a chi-
square test to evaluate the sex distribution in ACM
(27). Another chi-square test was performed to eval-
uate the difference in the type of modification. When
contingency tables had cells with less than 5 cases, we
calculated the p-value using a Monte Carlo simulation
(28) with 2000 replicates. Analyses were performed in
the R environment (29). As shown in table 1, these
two groups (Lima, Cuzco) together represent most of
the collection.

Results
ACM in the Museum collection

The majority of the skulls and calvaria present in
the collection were modified. Considering both types
of ACM modification, there were a total of 285 modi-
fied skulls (77.0% of the total sample N = 370).

The modification frequency in each age class
ranged between 71.4 and 89.5% of modified crania for
each age group (Fig. 1). Specifically: I infancy group
34 out of 45 were modified, II infancy 10 out of 14,
adolescence 17 out of 19, adult 168 out of 211, mature
44 out of 57, senile 12 out of 15. No statistical differ-
ence among age classes was found (chi-square test p =
0.828). Cranial modifications were present with a sim-
ilar frequency in both geographical regions (Lima and
Cuzco). The modified crania from Lima were 77.0% of
the total specimens investigated (212 modified skulls
on 275 total specimens); in Cuzco, this percentage in-
creased to 91.7% (44 modified on 48 total specimens).
The dominant type of modification at the two sites was
highly different. Almost all the modified specimens
from Lima exhibited tabular modification (96.7%,
205/212), while most of the specimens from Cuzco
were modified using the annular technique (97.5%,

ACM frequency in age groups

100
90
80
7
6
5
4
3
2
1

O O O o o o o

I infancy (0-7)
20)

0 .lIIII

Il infancy (7-14) Adolescence (14-

Adult (20-40)  Mature (40-60) Senile (>60)

Figure 1. Histogram of the frequency of cranial modification in each age group.
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42/44); the chi-square test confirms that the two dis-
tributions are different (p-value = 0.002) (Fig. 2).
Among the whole sample of skulls, sex distribution
was as follows: from Lima, 165 belonged to males, 79
to females, and 31 to undetermined sex; from Cuzco:
16 to males, 21 to females, and 11 were undetermined.

When considering the modified skulls from Lima: 127

Figure 2. Types of cranial modification. Left tabular type (Cat.
N. 2271), right annular type (Cat. N. 6153).

specimens were sexed as males, 65 as females, and 20 as
unknown; in Cuzco: 16 specimens were assigned to male,
17 to female, and 11 to unknown specimens. The mod-
ified skulls were relatively abundant in each sex group
in each geographical region. In Cuzco, modified males
were 16 out of 16, females 17/21; from Lima, modified
males were 127/165, females 65/79. In Figure 3 (Fig. 3)
the frequency for each group is shown. No statistical
differences were found between males and females fre-
quencies in the two regions (chi-square test, p > 0.05).

Trepanation cases in the Museum collection

Trepanation was observed in 12 specimens (Tab. 2):
one from Lima (1/275), nine from Cuzco (9/48), and
two of unknown origin (2/41). All individuals fell in
the adult age class. Among the 12 specimens with
trepanation, five were females and five males (for the
remaining two specimens, sex could not be assessed);
the low numbers do not allow statistically testing the
difference. Only two types of trepanation were ob-
served: circular grooving and scraping. Circular groov-
ing was observed only in four individuals from Cuzco.
The scraping technique was observed in eight individ-
uals. In 10 individuals, we observed bone remodeling,
indicating that the majority of the individuals survived
the trepanation act.
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Figure 3. ACM frequency by sex in Lima and Cuzco regions.
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Table 2. Type of trepanation compared among regions and sexes.

Lima (1/275) Cuzco (N tot. 9/48) Unknown (N tot. 2/41)
Type of M F ind Tot M F ind Tot M F ind Tot
trepanation
Circular - - - 0 3 6 - - -
Scraping - 1 - 1 2 1 2 - -

Trepanation was recorded only on parietal bones
and the frontal bone. Since there was always some lat-
eralization, we report here on which side they were
found. Six specimens were trepanned on the left side
of the neurocranium, four individuals on the right,
and two specimens on both sides. The 12 trepanned
specimens were often modified: ten individuals exhib-
ited annular ACM while no tabular modification was
found.

The ethnological material

Table 3 (Tab. 3) shows the instruments present
in the collection linked to medical applications and
their cultural and chronological framework. Most of
the specimens were associated with the Chimu culture
(8/16), and the more abundant type of instruments
were tweezers. We also found evidence of needles,
chisels, knives, and one Tumi in the collection. The
instruments date mainly around the 12 and 16
centuries AD, and they belonged to the Tiahuanaco,
Chimt, and Inca cultures (Fig. 4). A brief description
of the different instruments follows.

Tweezers: Most of the specimens housed in the
Florence collection were made of copper or bronze,
while two of them (n 3597 and N 3689) were made of
an alloy of copper and silver, and pure silver.

Needle: Specimen n 1081 is a bronze needle. The
ethnological analysis assigns it to the Inca culture.

Chisels: There were two bronze chisels associated
with grave goods.

Ritual Knives: These instruments are not consid-
ered weapons, but they were probably used as ritual
tools and/or surgical instruments. Probably they be-
longed to the Tiahuanaco culture, and N 3604 is of
particular interest; Prof. Giuseppe Orefici (Director
of the Centro de Estudio Arquelogicos Precolombinos
and the head of the Proyecto Nasca) through a recent
comparison with other similar tools, identified it as

Table 3. Medical instruments from the ethnological collection.

Cultural
Cat.N. | Type attribution Chronology
831 Ritual Knife | Tiahuanaco VII-X d.C.
1081 Needle Inca XV-XVId.C.
3590 Chisel Late intermediate | XI-XVI d.C.
period
3595 Tweezers Chimu XII-XV d.C.
3596 Tweezers Chimu XII-XV d.C.
3597 Tweezers Chimu XII-XV d.C.
3598 Tweezers Chimu XII-XV d.C.
3599 Tweezers Chimu XII-XV d.C.
3600 Tweezers Late intermediate | XI-XVI d.C.
period
3602 Chisel Late intermediate | XI-XVI d.C.
period
3604 Ritual Knife | Inca XV-XVId.C.
3615 Ritual Knife | Tihauanaco VII-X d.C.
3623 Tweezers Chimu XII-XV d.C.
3689 Tweezers Chimu XII-XV d.C.
6047 Tweezers Late intermediate | XI-XVI d.C.
period
6048 Tumi Chimu XII-XIV d.C.

a sacrificial knife linked to the Inca culture (personal
communication).

Tumi. 'This crescent moon-shaped knife is char-
acteristic of many Peruvian cultures. The one present
in the collection (N. 6048) is a simple bronze Zumi.
Given its style, we consider it evidence of the Chimu
culture (2,19).

Discussion and Conclusion
ACM is awell-known practice that was performed

by South American populations (8-13). A careful and
prolonged activity performed by either parents or
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Figure 4. Some of the surgical instruments in the ethnographic collection: the chisel n. 3590, the ritual
knife n. 3604, the tweezer n. 3597 (copper and silver alloy) and the needle n. 1081. All these instruments

belong to the Mazzei collection (photos S. Bambi).

specialized professionals was needed to achieve these
results. The modification process must have begun im-
mediately after birth since cranial sutures are still open
at this ontogenetic stage, and the bone could be easily
modified. The extreme modification could have been
achieved only when the deformative process began in
the first years of life. For instance, specimen N 3037
(Fig. 5) is an infant with an estimated age of around
6 to 12 months that already shows a completely mod-
ified neurocranium.

To not compress the neurocranium dangerously,
the deformative tools (bandages, rigid supports)
needed to be changed accordingly to the brain growth
that occurs mainly during the first six years of life (30).
All this care and attention means that the Peruvian
pre-Hispanic populations had good knowledge
concerning the processes of bone growth and skeletal
maturation. Our results show no differences among
the age classes in ACM frequency; this supports the
idea that ACM does not increase mortality in any
particular age class.

In Eurasia and Africa, other populations have
practiced cranial modification (31); however, this was
common in pre-Hispanic Meso and South America
(12, 13, 32). Our results show that most of the skulls
collected were modified (77% of the 370 specimens are

Figure 5. Specimen N. 3037 (lateral view) with visible annular
modification. The neurocranium is elongated anteroposteriorly.
The facial skeleton is missing.

modified). However, we should consider the possibility
that this percentage was the result of a collector bias.
The Florentine collection was put together between
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the 19" and 20™ centuries by scientists and explorers
who probably selected the most interesting and unu-
sual specimens. Unfortunately, we do not have precise
information about collection methods and criteria.
We also lack a precise chronology of the individuals,
and we can only define a broad chronology based on
the ethnological remains present in the museum and
catalog information regarding the localities where the
osteological material was collected. On the other hand,
the high number of specimens housed in the collection
may well mitigate collection bias. Indeed, our results
probably reflect and support a relatively high frequency
of cranial modifications. In Cuzco, however, given the
limited number of specimens - 48, the high frequency
of modified skulls (91%) probably was related to this
source of bias to the extent that there could be an over-
representation of modified skulls.

The two main geographical groups were similar
in ACM frequency; the only difference documented
was the dominant type of modification. In the Lima
region, we observed a dominant tabular ACM,; in the
Cuzco region, the picture was the opposite, and the
annular ACM was dominant. This difference was prob-
ably related to cultural and population aspects (8, 11).
It should be noted that the two ACMSs were not
achieved in the same way. The main difference was in
the tools used. The tabular ACM needed rigid support
that applied pressure both in the frontal area and the
occipital region; the annular ACM instead used band-
ages (1, 9). The tabular type was probably more chal-
lenging to perform because sometimes the tools could
have applied an asymmetrical pressure resulting in an
asymmetric cranial shape. For this reason, the opera-
tor who placed the rigid plates needed to be careful to
guarantee the desired result. On the other hand, the
annular modification exploited the natural physics of
a deformable tool that applied the same pressure to
each point of the head when placed in the correct po-
sition. These skulls were symmetrically modified, and
this technique had a lower chance of an asymmetrical
shape. For this reason, it seems that a tabular modi-
fication needed more highly specialized practitioners.

When considering differences in frequencies be-
tween sexes in Lima and Cuzco samples, our results
did not show any statistically significant difference be-
tween males and females. These results were consistent

with previous research on archeological materials,
which showed no differences between males and fe-
males in ACM frequencies (8, 12).

As far as trepanation, this was mainly docu-
mented by specimens from Cuzco in our sample. The
sample was composed of different types of trepanation.
The circular grooving (Fig. 6) showed cut marks on the
bone with clear incisions.

Generally, this kind of trepanation had a shape of
the holes that were often more regular, almost circular,
than holes resulting from the scraping method. Given
the more circular shape of the holes and their position
aligned along the sagittal suture in number 3084, it is
probable that these interventions were planned and
they tried to solve a pathological condition. A previous
analysis that investigated these specimens using medi-
cal radiography (33) showed that skulls with a circular
grooving type of trepanation (e.g., specimen number
3084) also had high vascularization of the diploe,
probably associated with migraines or other patholog-
ical conditions (34). Specimen 3084 did not show ex-
tended bone remodeling, thus, this individual probably
died immediately after the intervention.

Despite the reason and cause of the cranial de-
fect, the final result in almost all cases found in the
collection showed bone remodeling and no signs of
infections. Bone remodeling could be a problem for
the correct assessment of trepanation cases. Since
the remodeling removes evidence of cutmarks or
other signs left by the instruments responsible for the
trepanation, it is possible to confound trepanation
events with traumas (26). Eight individuals showed
completely healed cranial defects that are most likely
trepanation by scraping and circular grooving. These
individuals showed smooth-edged holes surrounded
by a larger area of remodeled bone. A possible differ-
ential diagnosis would be a healed trauma with loss
of broken fragments in the center of the wound, but
there are no radial or concentric fractures. Also, the
location of the holes are not sites where one might
expect ossification or developmental defects to occur.
The only clear evidence is that these individuals sur-
vived with a healed defect in the skull for an extended
period. The most probable diagnosis for such cranial
defect is trepanation for these individuals. Moreo-
ver, in our case, individuals lived in societies where
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trepanation interventions were widespread; therefore,
despite the possible traumatic origin, traumas were
probably treated, cleaned, and healed using trepa-
nation methods. The high survivorship of trepanned
individuals, as shown by the presence of bone remod-
eling (8/12: eight individuals with completely healed
defects, two with partial evidence of bone reaction,
and two with no signs of bone reactions), suggests
that the medical knowledge required to maintain a
person alive with such a missing portion of the vault
must have been remarkable.

Our results suggest that the population from
Cuzco performed neurosurgical intervention more of-
ten compared to the population from the Lima region,
in agreement with other reports (2, 3, 5, 7, 35). To-
gether with the difference in the ACM types described
above, this difference suggests cultural and probably
ethnic differences between the two groups. The higher
prevalence of trepanations in the Cuzco sample could

be related to different causal factors - not mutually ex-
clusive. One of these could be related to warfare since
the Inca Empire expanded in a relatively short time-
frame, and this expansion was accompanied by many
wars and battles (1, 3-5, 36). The high occurrence of
trepanation events could be related to an increased
frequency of cranial traumas probably treated through
trepanation and cleaning of the wounds. The surgeons
became experts in treating these traumas via trepana-
tion, which is also evident by the high survival rate
they accomplished. This hypothesis is also supported
by the position and side of the cranial defect, which in
this sample are located on the cranial vault (frontal and
parietal bones). This hypothesis agrees with the results
of the analysis of the archeological sample excavated
in Cuzco (4). Further, more profound knowledge of
neurosurgical techniques might have allowed this kind
of intervention to be carried out more frequently than
in other populations.

Figure 6. Specimen 3084 (posterior view) with circular grooving trepanation. In detail, it is visible the trepanation close to the osteomet-
ric point Bregma. This trepanation did not completely remove the inner table of the diploe, and cut-marks are visible on the margins.
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An interesting case among the trepanned skulls
was the individual N 3072 (Fig. 7). This individual is
an adult of unknown sex, and it shows three cranial
defects. The first (on the frontal bone) was irregular in
shape and probably of traumatic origin (see below); in
this case, trepanation was probably performed with a
scraping technique. The other two were almost circular
and symmetrical trepanations on the opposite sides of
the sagittal suture. Avoiding the sagittal suture sug-
gests that the practitioner knew that intervention in
this region could have damaged the superior sagittal
sinus, causing the patient’s death. The radiography of
this specimen showed a high vascularization of the
diploe (33), probably associated with inflammatory
diseases. We can speculate about the clinical history
of this individual: first, it suffered trauma on the fore-
head, which caused the first damage to the frontal bone
healed using scraping technique. Later, the outcome
of the trauma caused inflammation with probably a
higher vascularization of the outer table of the frontal

bone (37) and probably other disorders linked to the
evidence found in the radiography of such specimen
(33). Such conditions could have led the practitioner
to perform the other two neurosurgeries. Further
analysis would be necessary to test this hypothesis,
but it looks like two different reasons for the trepana-
tions required the choice of two different techniques.
Moreover, the frontal trepanation show advanced bone
remodeling, while the two on the parietal bones did
not show extended remodeling. This evidence confirms
the different timing of the two interventions and the
survivorship to the first one but probably not to the
second one. Our final hypothesis is that the first trep-
anation was to heal and cure trauma (the frontal bone
defect) and the second to cure other diseases, such as
headache, epilepsy, or others, as indicated by the sym-
metrical and precise location of the trepanations that
seems to suggest planning of the intervention.

The instruments housed in the collection had
different uses. Tweezers, for example, were used as a

Figure 7. Specimen N 3072 (superior view) showing the three cranial defects. In detail, the dif-
ferent trepanation events. The upper detail shows the two trepanation on the side of the sagittal
suture with little evidence of bone remodeling. The lower detail shows the frontal trepanation with

a more advanced bone remodeling.
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personal tool, and they were widespread in the An-
dean community. Often they were related to personal
hygiene to remove body hair. However, they were
most probably used in surgical practices to remove
small fragments of residues such as bone fragments.
The more precious ones (i.e., the ones made in silver)
probably belonged to a member of the social elite (19).
Needles were probably used to suture wounds. Chis-
els and the 7umi were helpful in surgical operations,
probably capable of penetrating the bone (1, 2). The
presence of chisels in the funerary belongings of a dead
person is of particular interest. These instruments were
not only characteristic of specialists but also had an
esoteric meaning and relevance. These tools were con-
sidered of such importance that they were included in
the funerary belongings. This is another piece of evi-
dence that linked the medical treatment with magical
and religious rituals in the Peruvian pre-Hispanic pop-
ulations (1).

The rich pre-Hispanic collections of the Mu-
seum of Anthropology and Ethnology in Florence
offer the unique opportunity to combine the study
of both human remains, in the form of modified and
trepanned skulls, and the medical instruments used
in these practices. Their study confirms the rich and
advanced pre-Hispanic Peru’s cultures, with sophis-
ticated medical techniques and deep anatomical and
pharmacological knowledge. Our results confirm pre-
vious observations of a high frequency of trepanation
cases in the Cuzco region and add to our knowledge
of the more common cranial modification types in the
areas of Lima and Cuzco.

The collection contains many cases of medical
interest: the present work has highlighted the occur-
rence of only two cultural aspects of the pre-Hispanic
Peruvian population linked to medical knowledge.
More can be done in the future by analyzing paleop-
athological cases to address other interesting aspects,
such as dental treatments in ancient Peru. In this con-
text, our work can put the basis for more detailed anal-
yses on the trepanation and ACM cases. In the future,
we aim to have more detailed analyses with the help of
more advanced technologies such as computed tomog-
raphy to deepen our knowledge of trepanation cases
and ACM. The study of historical collections is essen-
tial for the documentation of ancient cultures and for

reporting new cases, which may give us new informa-
tion regarding past human behavior. Such collections
are often understudied and we hope that our research
will stimulate future work to address these populations’
important cultural and biological aspects.

Acknowledgments: This study was supported under

the project grant “ANTINT: Antropologia Integrata: un
approccio innovativo allo studio delle collezioni Museali”
(POR FSE 2014 — 2020 Asse A Occupazione - Priorita

di investimento A.2 — Obiettivo A.2.1 — Azione A.2.1.7
“ASSEGNI DI RICERCA IN AMBITO CULTURALE”)
financed by: Regione Toscana, the Museo di Storia Naturale
dell'Universita di Firenze, Fondazione Cassa di Risparmio
di Firenze and from the Societa Cooperativa “Opera d’Arte”
(UNIFI_FSE2019).

References

1. Elferink JG. The Inca healer: empirical medical knowl-
edge and magic in pre-Columbian Peru. Rev Indias 2015;
75(264):323-50.

2. Galdn-Rodas E, Laberiano Fernindez C, Maguifia Var-
gas C. Historia del tumi: simbolo de la medicina peruana
y del Colegio Médico del Pera. Acta Méd Peruana 2012;
29(1):56-8.

3.Marino R jr, Gonzales-Portillo M. Preconquest Peru-
vian Neurosurgeons: A Study of Inca and Pre-Columbian
Trephination and the Art of Medicine in Ancient Peru.
Neurosurgery 2000; 47(4): 940-50.

4. Andrushko VA, Verano JW. Prehistoric trepanation in the
Cuzco region of Peru: a view into an ancient Andean prac-
tice. Am J Phys Anthropol 2008; 137(1):4-13.

5. Verano JW. Trepanation in prehistoric South America: ge-
ographic and temporal trends over 2,000 years. In: Arnott
R, Finger S, Smith C (Eds) Trepanation: history, discovery,
theory. London: CRC Press; 2003; 223-36.

6. Allison MJ, Pezzia A. Treatment of head wounds in pre-Co-
lumbian and colonial Peru. MCV/Q Medical College of
Virginia Quarterly 1976; 12(2):74-9.

7. Verano JW, Andrushko V. Cranioplasty in ancient Peru: a
critical review of the evidence, and a unique case from the
Cuzco area. Int. J. Osteoarchaeo 2010; 20(3):269-79.

8. Andrushko VA. Revelations of ancient head shape: Cra-
nial modification in the Cuzco region of Peru, Early
Horizon to Inca Imperial Period. Am J Phys Anthropol
2021; 175(1):95-105.

9. Anton SC.Intentional cranial vault deformation and in-
duced changes of the cranial base and face. Am ] Phys An-
thropol 1989; 79(2):253-67.



12

Medicina Historica 2022; Vol. 6, N. 1: €2022002

10. TorresRouff C. Cranial vault modification and ethnicity in
middle horizon San Pedro de Atacama, Chile. Curr An-
throp 2002; 43(1):163-71.

11. Torres-Rouff C. Shaping identity: cranial vault modification
in the pre-Columbian Andes. Santa Barbara: University of
California; 2003.

12. Torres-Rouff C. Cranial modification and the shapes of
heads across the Andes. Int J Paleopathol 2020; 29:94-101.

13. Blom DE. Embodying borders: human body modification
and diversity in Tiwanaku society. ] Anthrop Archaeol
2005; 24(1):1-24.

14. Mantegazza P. Sulle antichita peruviane donate dal Comm.
Prof. Ernesto Mazzei al Museo Nazionale d’Antropologia.
Archivio perI’Antropologia e la Etnologia 1884; 14: 405-10.

15. Giglioli EH. An important Archaeological Collection
formed in Central and South America, principally in Gua-
temala and Perti. Internationales Archiv fiir Ethnographie
1892; 5:89-91.

16. Giglioli EH. Notes on Some Remarkable Specimens of Old
Peruvian ‘Ars Plumaria,’ in the Mazzei Collection. Interna-
tionales Archiv fiir Ethnographie 1894; 7:221-6.

17. Slovak NM. Reassembling the Mortuary Assemblage: New
Investigations into The Field Museum’s Osteological and
Artifact Collections from Ancén, Peru. Nawpa Pacha 2020;
40(1):81-99.

18. Meijers SC. Archaeological sites in Lima and their inheri-
tors: community engagement in the management of huacas
in Lima. Inter-Section 2015; 1:6-13.

19. Ferrarini A. I metalli delle collezioni peruviane del Museo
di Antropologia di Firenze, in Facolta di Lettere e Filosofia.
Firenzw: Universita degli studi di Firenze; 2021.

20. Dionisio G, Bigoni F. Medicina e chirurgia del Perti antico
nelle raccolte e nella storia del Museo di Antropologia e Et-
nologia di Firenze. Museol Sci 2021; 15:63-9.

21. Ferembach D, Schwidetzky I, Stloukal M. Recommanda-
tions pour déterminer 'age et le sexe sur le squelette. Bull
Soc Anthrop Paris 1979; 6(1):7-45.

22. Brown WB. Identification of human teeth. Bull Inst Ar-
chaeol Univ London 1984; 21-22:1-30.

23. Gustafson G. Age determinations on teeth. ] Am Dent As-
soc 1950; 41(1):45-54.

24.Meindl RS, Lovejoy CO. Ectocranial suture closure:
A revised method for the determination of skeletal age
at death based on the lateral-anterior sutures. Am ] Phys
Anthropol 1985; 68(1):57-66.

25. Pardini E. I calvari della necropoli di Ancon. Archivio per
1’Antropologia e 'Etnologia 1970; 133.

26. Verano JW. Differential diagnosis: trepanation. Int J Paleo-
pathol 2016; 14:1-9.

27.Field A. Discovering statistics using IBM SPSS Statistics
(4th edition). London: Sage; 2013.

28.Hope AC. A simplified Monte Carlo significance test
procedure. J R Stat Soc Series B Stat Methodol 1968;
30(3):582-98.

29. R Core Team. R: A language and environment for statistical
computing; 2018.

30. Neubauer S, Gunz P, Hublin JJ. The pattern of endocra-
nial ontogenetic shape changes in humans. J Anat 2009;
215(3):240-55.

31. McKenzie HG, Popov AN. A metric assessment of evidence
for artificial cranial modification at the Boisman 2 Neolithic
cemetery (ca. 5800-5400 14C BP), Primorye, Russian Far
East. Quat Int 2016; 405:210-21.

32. Tiesler V. Studying cranial vault modifications in ancient
Mesoamerica. ] Anthropol Sci 2012; 90:33-58.

33.Muzz M, Capaccioli L, Mannucci P, Capaccioli N.
Evidenze radiologiche in un campione di crani peruani
antichi intenzionalmente trapanati. Arch Antrop Etnol
2005; 135:221-44.

34.Ortner DJ, AufderheideAC. Human paleopathology:
current syntheses and future options. Washington, D.C:
Smithsonian Institution Press; 1991.

35. Kushner DS, Verano JW, Titelbaum AR. Trepanation pro-
cedures/outcomes: comparison of prehistoric peru with
other ancient, medieval, and american civil war cranial sur-
gery. World Neurosurg 2018; 114:245-51.

36. Arkush E, Tung TA. Patterns of War in the Andes from
the Archaic to the Late Horizon: Insights from Settle-
ment Patterns and Cranial Trauma. J Archaeol Res 2013;
21(4):307-69.

37. Waldron T. Palacopathology. Cambridge: Cambridge Uni-
versity Press; 2009.

Correspondence:

Tommaso Mori

Department of Biology, Anthropology Laboratory
University of Florence, Via del Proconsolo 12,
50100, Florence, Italy

E-mail: tommaso.mori@unifi.it



