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Trepanation is a worldwide phenomenon that is most often studied osedyz@ase
basis, with few comparisons cross-culturally or through time atidne agreement as to why it
was practiced. Earlier theories have suggested rituaéinticmagico-therapeutic purposes and
have proposed a higher frequency of trepanations in adult malegsdteof injuries sustained
in warfare and gender-specific ritual practices. A cortipiteof case reports and information on
trepanation is, therefore, vital for a bioarchaeological studthefprocedure. This research
catalogues and describes 297 incidences of trepanation in thelgatahire in order to present
a worldwide comparison of the practice and ascertain reasons foerformance. This thesis
collects and reviews all of the cases of trepanation reportdteifEnglish-language scholarly
literature to look for overall patterns that might lend credeéname explanation or another and
to examine temporal and geographic variation. This study is of pdtsignificance because it
establishes a baseline review of all cases that others eatowraw conclusions about the
reasons for this fascinating practice worldwide or in specific loczlitie
Four questions are answered in the Discussion section. Are moreharerwomen
trepanned because men are more likely to be involved in warfdne hetature suggests? Yes,
in fact more than twice the number of males than females tnepanned. Is there any evidence

to support cultural explanations or is this a residual category fosedhen skeletal remains



show no evidence of pathology? It is difficult to determine ifac@dure was done for cultural
reasons, especially when there are no written records. Addiyiolaak of skeletal pathology is

linked to the osteological paradox, the fact that individuals who aresithest die before

manifesting any skeletal evidence. A third question is whetheot there is any evidence to
support the theory of diffusion, which states that trepanation origiatene or two centers and
then diffused to other areas. This is also difficult to prove, althtlgte are two centers that
have evidence of trepanation from the Mesolithic: Eastern andeWMeStrope. And lastly, is

there any cultural evidence to support subadult trepanation or only ballegidence? Most of

the trepanned juvenile population showed biological factors that wouldgsitate trepanation,

except for one case.

Out of the total observed sample, sex was mentioned in 215 out of abh&893 dOut of
these 215 individuals 52.9% (155) were male, 20.45% (60) were female, and 2G68R%
individuals’ sex was indeterminate. Only 209 out of the total 293 indilgdage-at-death were
reported. The majority of the sample of both sexes was under 30 years of age.

These data sources revealed that slightly more adult males were tefaamémales
and children. The few trepanned children showed evidence of developmental disofdes suc
scurvy and hydrocephaly, but this may not necessarily have been the reasgpafwation.

Since the trepanned males did not always display possible related patholagjieghiy likely

that they were trepanned for both biological and ritualistic reasons.



Drilling Away the Sprits:

A Worldwide Study of Trepanation

A Thesis
Presented To
The Faculty of the Department of Anthropology

East Carolina University

In Partial Fulfillment
of the Requirements for the Degree

Master’s of Arts-Anthropology

by
Lara Frame

May, 2010



©Copyright 2010
Lara Frame



Drilling Away the Spirits:
A Worldwide Study of Trepanation

By Lara Frame

APPROVED BY:

DIRECTOR OF THESIS:

Holly Mathews, PhD

COMMITTEE MEMBER:

Linda Wolfe, PhD

COMMITTEE MEMBER:

Megan Perry, PhD

CHAIR OF THE DEPARTMENT OF ANTHROPOLOGY:

Linda Wolfe, PhD

DEAN OF THE GRADUATE SCHOOL:

Paul J. Gemperline, PhD



Acknowledgments

First and foremost | would like to thank my committee members, especially Dy. Hol
Mathews, for guiding me through the process and for being eternally paitiembev | would
also like to thank Kristina Killgrove who was a very important person in this masasell as
Dr. Charles Ewen for helping with the last bits of editing.

Secondly, I'd like to thank my family who have always supported me even when twasn’

supporting myself.

And lastly 1 would like to thank my Uncle Philip, who passed away last summer, and
who would always tell me stories of his time in the sheriff's department. Hgsklvought that

what | did was “cool.” This is for you.



DRILLING AWAY THE SPIRITS:

A WORLDWIDE STUDY OF TREPANATION

TABLE OF CONTENTS
LIST OF TABLES. ... e e e e e e e
CHAPTER 1: STATEMENT OF THE PROBLEM ......ccocoiiiiiiii e,
CHAPTER 2: LITERATURE REVIEW/RATIONALE..........cc.cooiiiiiii s
What iS TrepanatioN?............uuuuuueiniiiiiieee et s e e e e e enas
Skull Fractures from Warfare and AccCidents.............uuueeeiiiiiiiieeeeieneienn
WaAITAI. .. .o e s
ACCIHBNTS . .. e e e e eens
Disease and Headaches.............oi i,
HeadacChes. ... ..o
D == 1< P
o o] 2T o 1
CURUIal PUIPOSES. ..o e e e e
SPIME POSSESSION. .. et e e e
Other Possible Cultural Examples. ...,
Post-mortem Ritual Modification...................ooooviieniis
DIffUSION. .. ..o
SUMMAIY ... e e e e et e e e e
Contemporary CaseS. ......cu et iur e

Time and Geography......cco i e



SUMIMAIY ... et e e e e e e e e e e e et e e eaeaen e e nans
CHAPTER 3: METHODOLOGY ..ottt e e e e e
Data CollECHION. .. ...t e e e e e
Data ANAlYSIS. ... .ttt

CHAPTER 4: RESULTS
T A S . .. e e

General Population RESUItS.........coviiiiii
Results by GeographiC Region..........cccoiviiiiiiiiiiiiiie e e
] 0 01
Eastern EUrOpe. ... ..o e,
Western EUrope.......ooviii i e
SCANAINAVIA. .. .. ve et et
NOIh Sea Area.......ovvviiii e e
CaANAAA. .. ...t
United States (Native North America)..........cccoevevviviiieiennnnn.
Eastern US.........oo
Central and Western US............ooo i
IMESOAMEIICA. ..+ e ceute et et et e et e e et e ee e
SOULN AMEIICA. .. ..e vt e e e e e e e e e
ATTICAL . et e
MiddIe EaST......ooee e
AUSTIALIA. .. .o
Asia and the Pacific Islands...............ccoooiii i

SUMIMIATY .t e e e e e e e e e et e e et e e e e e e e eeaenens

36

36

37

38

39

40

40

40

41

42

43

44

45

47

47

48



CHAPTER 5: DISCUSSION

BIBLIOGRAPHY ...

APPENDIX A: Checklist for Case REPOITS.........cuuuuriiiiiiiiiiieieeeeeeeeeeeeeeeiainn

APPENDIX B: Geographic Area Tables. ..o e,

APPENDIX C: Sources Consulted

50

56

60

62

79



LIST OF TABLES
Table 1 Comparative Table Examining Age vs. Sex
Table 2 Sex vs. Shape
Table 3 Location vs. Age

Table 4 Eastern Europe-Russia, Latvia, Siberia, Ukraine, Hungary, Czech
Republic

Table 5 Western Europe-Spain, France, Portugal, Italy, Austria, and German

Table 6 Scandinavia-Denmark and Sweden
Table 7 North Sea Area-Ireland and England

Table 8 Canada-Ontario and British Columbia

Table 9 United States-Eastern, Central, and Western
Table 10 Mesoamerica-Mexico and Belize

Table 11 South America-Peru and Bolivia

Table 12 Africa-Egypt, South Africa, Guinea

Table 13 Middle East-Iran, Jordan, Jericho

Table 14 Australia

Table 15 Asia and the Pacific Islands (Oceania)

Table 16 Trepanation by Geographic Area (Overall Table)



Chapter 1-Statement of the Problem

Trepanation (or ‘trephination’) refers to the practice of agjlor scraping a hole into the
human skull. The instruments and techniques used and the reasons faadtice frave varied
over time and place. The earliest evidence for trepanation csomasNeolithic times and it
persists into the present in parts of Africa and South Ameriegpahation was practiced, at
different times, in nearly every European country, Africa, theaBaislands, Egypt, Oceania,
the Polynesian islands, North America, South America, Asiau@inoy China, India, Japan, and
southern Siberia), and the Middle East (Aufderheide 1998:32). De#pitewidespread
documentation of this practice, there is little agreementhé literature about why it was
performed. Biological and medical scientists have suggestedittmads performed to cure
problems like convulsions, headaches, epilepsy, and infections (Ackletki®t7:34). Others
have reported that the practice is associated with fracamefypothesized that it was done to
treat war injuries (Ackerknecht 1947:33%everal archaeologists emphasize the role of religion
suggesting that trepanation might have been performed to alldhefexit or entrance of spirits
believed to cause illness (Oakley et al. 1959:94) Other scholarsshggested that the reason
for trepanation was the collection of skull disks, called roundelssHarmrms or amulets (Crump
1901:170). In this thesis it is highly probable that some of thesdabeled as cultural cases
might in fact be individuals who were trepanned for an unknown bi@bggason. While there
is much speculation in the literature about why individuals weygatmed, there is a lack of a
comprehensive review of existing case studies to tease out dtwsfahat might help in

understanding the motives of people performing such surgeries.



This project involves a comprehensive review of the existingatiteg on trepanation,
including both case reports and theoretical interpretations, in ordenvistigate any
associations between key demographic, biological and sociocultuiablear of trepanned
individuals. Individual data records were compiled for each case discussthe literature.
Every attempt was made to document basic demographic date$ar tases including the age
and sex of the skeleton, the precise location of the trepanatiofgrtheof the trepanation and
instruments used, and the presence of any associated pathologie®s,ingliseases, or
developmental deformities on the skeleton. Analysis of the literatnsisted of attempting to
look for relationships between these variables to determine ifolilge current theories are
plausible. Throughout this thesis the literature of pertinent eaiidse discussed and analyzed

geographically so that patterns of purpose can be discerned.



Chapter 2-Literature Review/Rationale

The main objective of this project was to undertake a compreheresnewr of the
existing literature on trepanation by locating as many princase reports of the practice as
possible. A second objective was to examine and code these wdiss &r basic demographic
and biological data about the individuals who underwent the procedure.nghelfjective was
to analyze these data sets for correlations between the eratttcepanation and any of the
above variables in order to see which of the existing explanatonthe practice are best
supported by the comprehensive data. Trepanned males may show ewviderageal injuries
which supports warfare theories, whereas very ill individuals whe wepanned would not
show any skeletal manifestations of the disease. It is exjpdté such correlations may only
occur within particular time periods or geographic/cultural regiuns to the spread of ideas

and/or information.

What is trepanation?

Trepanation, broadly defined, is the surgical removal of a piece of the craniumougkit
Samuel Morton, in 1839, was the first to depict a trepanned skusigh#icance of trepanation
was not realized until Ephram George Squier brought a trepannedrskulPeru back to the
U.S. (Clower and Finger 2001:1418). The skull had a rectangular operintheegop and had
come from an ancient Inca cemetery in the Valley of Yucaguie®, as quoted in Clower and
Finger (2001:1418), wrote that it was “a clear case of trepanrefayeb death...the opening
having been made with a burin, or tool like that used by engravers on avmbanetal.”
American academics and scientists investigated the find amdtree skull to Paul Broca, a

famous surgeon in France. Broca determined that the trepanatsoewdgnce of advanced



surgery from the pre-Conquest New World. As early as tffeckdtury, theories circulated
about why this was done to the individual, and yet to this day them® islear answer.
Additional discoveries of trepanned skulls have been made alllwevdrld since Squier’s find
in Peru, and reports date from the Mesolithic to the ethnogrgpesent (Clower and Finger
2001:1418).

According to Aufderheide’s and Rodriguez-Martin’'Encyclopedia of Human
Paleopathology(1998:33), there are four distinguishable methods of trepanation that include
grooving, scraping, drilling, and cutting (see Figure 1). In grogwangpinted instrument etches
a round or oval groove. This action is repeated until the instiudigs through to the diplde.
The diploe is the spongy bone in between the inner and outer |dyardioal bone in the flat
bones of the cranium (White and Folkens 2005:96) Scraping is performegdausharp, oval
object, often a stone that is repeatedly scraped over the interebed Brilling is performed
using a thin, sharp tool that is repeatedly turned in a circle thiugh the skull. And finally,
cutting is when a sharp, oval stone is used perpendicular to therakudlr than at an angle as in

scraping, to create four linear grooves in the form of a rectangle.



Figure 1 The four trepanation methods. A-Cutting, BDrilling, C-Scraping, D-Grooving
Trepanation represents the first evidence of a surgical tpehim humans done without

modern equipment and yet there is evidence, from healing patterns shkulhethat many
individuals survived this surgery. Around 80% of Neolithic and Mesolithieipt survived the
operation (Aufderheide 1985:121). The finding of healed or healingiaépa is widespread in
both place and time, from the Mesolithic (Aufderheide and RodriguearMa®98: 31 and
England 1962:302) to the ethnographic present (Crump 1901).

The geographic and temporal distribution of trepanation is widesprea&urbpe and
North Africa trepanation was performed most often in the Mesoléhd Neolithic (Aufderheide
and Rodriguez-Martin 1998:31). In Europe, it was also practiced durinBrdree and Iron
Ages through the Middle Ages. However, after the expansion ofsthe practice of
trepanation declined and disappeared altogether shortly afteretiee\Ml period (Aufderheide

and Rodriguez-Martin 1998: 32). Trepanation was practiced, at diffienegd, in nearly every



European country, Africa, the Canary Islands, Egypt, Oceania, thadBa@y islands, North
America, South America, Asia (including China, India, Japan, and souliieenia), and the
Middle East (Aufderheide and Rodriguez-Martin 1998:32).

Many different theories have been proposed to account for whynatepa was practiced
prehistorically and different types of evidence have been provided in sugpeach. The
factors proposed to account for the practice of trepanation and kéyrstudies used in support
of these hypotheses demonstrate that there is no consensus amomggiovesh part because
there is no overall survey of trepanation cases worldwide. Musiries that have been
advanced about the purpose of trepanation can be grouped into two catdlgeragseutic and
cultural. The therapeutic theories suggest that individuals wegartned to alleviate intracranial
pressure due to trauma or disease. Cultural theories suggebethatctice was tied to religion
and ritual or to other ethnomedical practices within the societyerapeutic theories will be

discussed first.

Skull Fractures from Warfare and Accidents
Many investigators, such as Crump (1901), Bennike (1985), Jorgensen (1988), and
Ruisinger (2003) have proposed that trepanation was done in resporseilidfracture. These
fractures might have been caused by blunt-force trauma due fojurdes, traffic accidents, or
felled trees. Often after cranial trauma there is intdylegeding which causes the brain to swell.
Since there is limited room in the cranial vault for this exmansif the brain, the patient will
often complain of headaches or intense pressure within the heade imiestigators assume
that trepanation was an attempt to relieve this pressure; todawould call this practice

craniotomy (Moskalenko et al. 2008:299).



Warfare

Bennike (1985:93) observed 18 trepanned skulls from prehistoric Denmark. The
majority of these surgeries had been performed by the scragimgdae with a few showing
evidence of cutting by a sharper object. Similarly, eighhefgkulls found in this area were
from the Middle/Late Neolithic (around 3200 BCE). She hypothesizgdihany of the injuries
looked like battle wounds; some even showed other evidence of traBmee eleven of the
trepanations were on the left side of the skulls she hypothesiaea tright-handed opponent
standing opposite the victim caused the skull injuries which neastskithe trepanations
(Bennike 1985:98). Critics of this theory, however, contend that theitkd may have been
more convenient and easier for the surgeon (Bennike 1985:97).

Of the 18 skulls Bennike analyzed, 14 were male, 1 was female, an@r& w
ambiguous/unknown. This skewed sex ratio lends credence to the ideaatiiate was
involved since more males than females would be involved in wadetigities (Bennike
1985:98).

However, Bennike (1985:98) does not indicate if weapons or items dsdouwidh
warfare were found in the graves or around the site. If itamh as this were found in
proximity, the theory that these trepanations were performatidviate battle wounds would be
strengthened. It is clear, however, that people in this time penddrstood when to attempt
cranial surgery. Broken arms and dislocated knees wertheqiurpose of trepanation; these
individuals were trepanned in order to relieve pain and pressure orkuhedse to skull
fractures. It appears that ancient societies may have had advanced kmedibadge.

Parker and colleagues (1986) analyzed a Romano-British cemateryfound the

cranium of a male, aged 45-55, with a trepanation. Associatedhgittigpanation was a long,



linear wound that was hypothesized to be a sword cut. The treppamas quite large and
elliptical and showed signs of healing. Additionally, he is one ofdhedecapitations found in
this cemetery (Parker et al. 1986:145).

Derums (1979) analyzed a male skull from Latvia dating to the middblithic period
(ca 2500 BCE) that had several trepanations. There was someelgeneration occurring on
the skull so it is highly likely that this man survived the soygend lived for some time
afterward. The author hypothesized that this individual had sustained severe wonndd that
splintered his skull in several places (1979:461-462). It is thoughhthairoximal cause of
death was from disease rather than trauma, although without boongtiods of said diseases,
we cannot know for sure (1979:462).

Peru is arguably one of the world’s main centers of trepanatidorgensen (1988)
studied four skulls dating to the pre-Inca time period (betweerl©00-CE). He proposed that
these four skulls show evidence of depressed fractures that elatedrto injury from a five-
pointed club, a typical Peruvian weapon (1988:4). Three out of the four indwidiea either
during or immediately after surgery as there were no sigtieedfeginning stages of healing. It
was inferred that the wounds were sustained during combdtfasrahdividuals were male and
all the wounds were on the left side of the skull or straddlingdlyétal suture. In this case, the
author states that trepanation was an attempt to treat degrésctures on the skull as the
trepanations were in and around the depressed fractures (1988:5). ofagltat evidence of a
five-pointed club, the weapon Jorgensen hypothesizes caused the defrasseds, lends
support to his theory. One individual does show healing, indicating suralaiving the
surgery of at least several years. The ancient Peruviae$ateehad some knowledge of cranial

anatomy, which might have been acquired by the actual study of the anatomyeddhe



Daland (1935:555) describes an assemblage of skulls from Nazaawitbrevidence of
trepanation as well as evidence of trauma. He states thatossible these individuals, all male,
were treated for depression fractures, found near the trepanatiosglitiers of bone having
been removed by the surgeon. Those individuals with multiple trepangrobably had
multiple injuries. Many in this group show no evidence of healingcatig that they died
during surgery or immediately afterward. It is possible though,itisééad of the trepanation
procedure killing them, complications from the initial injury constdutiee proximal cause of
death (1935:555).

The geographic region known as Oceania (the islands between soAsiarrand
Australia/New Zealand) has produced a small sample of skulls evidence of trepanation.
Crump (1901:168) reported on one skull from the South Seas (New Britain)showed
evidence of injury in connection with the trepanation. Although the individaa completely
skeletonized, the event was in the recent past of the communitymation regarding his life
was well known and the assailant was still alive. Respondentseadbét the victim was struck
by a sling-stone from an interpersonal conflict and that hetdiedhours after the operation was
completed (Crump 1901:168).

Accidents

Trepanation can also be used to alleviate intracranial peesswsed by accidents.
Ruisinger (2003) reported on an interesting case from 1753 in Gernfarypung male was
involved in a traffic accident, and his head was knocked forciblynag#éie ceiling of the
carriage. In the days following the event, he suffered fromdubas, dizziness, and vertigo.
Eight weeks after the accident, the individual was trepanned rendrain hemorrhage was

evacuated. After a few days the doctors decided to perform anogpanation this time
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evacuating thick, yellow pus. The patient began having severptepgeizures and the doctors,
thinking this would be the best course of action, cut into the gragmnutthe brain. In the end,
the patient died as a result of this surgery, likely becauigeddeveral severe epileptic seizures
that followed it (Ruisinger 2003:278). Another case reported by Margetts (1967) desanbed a
from the Kisii tribe in Africa who was trepanned in the 1950s aowat of the headaches he
suffered after a tree fell on his head. After trepanning the, the doctors sprinkled medicine
over the wound and placed boiled fat over the incision. The individual survived.

Even though these are more recent examples of trepanation, knowiedgeicne and
antiseptic procedures were known in the ancient world, it begs the question: Whatatidiém
peoples know that these recent historical surgeons did not? Trepaasta method to relieve
intracranial pressure in the case of injuries due to warfar@eridents is logical. If a patient
showed symptoms of cranial pressure, the only method available to pretpdepast to relieve

that pressure and drain the excess blood would have been trepanation or the opening af the skull

Diseases and Headaches

There are several examples of skulls that have both evidence eafseliand were
trepanned. It is possible, therefore, that the trepanation wasrpeddo somehow treat or
relieve the symptoms of disease. These diseases include, ebutotadimited to, scurvy,
mastoiditis, ear infection, meningiomas, hydrocephaly, brain tumors, headawhsesjzures.
Headaches

There is evidence of both physical trauma and biological skse&ere reasons for
trepanation in the South Seas. Specifically on New Ireland, @m&parwas performed as a cure

for epileptic seizures and headaches in addition to skull fract@asmp (1901) noted that an
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individual who suffered from severe headaches had his or her gpdhtred at least five times.
Trepanation was also done for beating and plucking sensations ieable Wvhile Crump did
not include information on epilepsy, it is clear that people in tig®neemployed trepanation to
treat both trauma and disease.

Similarly, Margetts (1967:686) described the trepanning of thrembars of the Kisii
tribe in Guinea, Africa (one case has already been mentionéaandéents”). All three survived
the operations. The first injured man suffered a blow to his foreth@addid not result in a
fracture; however, after this accident he suffered fronsigtent headaches for several years.
Eventually, trepanation was performed by a native doctor ancettabhes stopped (1967:686).
The second case is that of a middle-aged man who hit his headamr lintel and then suffered
from persistent headaches after this injury. Over the nexraleyears the patient had, at a
minimum, five trepanations (1967:686-694). Margetts describes in tezanhethod the native
doctors used, scraping, as well as the curative methods thaperéoemed after surgery took
place, such as how the wound was wrapped and various substancesréhplaaed over the
wounds (1967:686-694). In these examples the headaches are caasttbpghysical trauma
instead of plaguing the individuals for unknown reasons. This connection heftwadaches
and trepanation suggests that the procedure was often used to trpainsymesulting from
trauma.

Diseases

Smrcka and colleagues (2003:327) reported a case of trepanation fro@zdkh
Republic and argued that the unusual imprints of the meningeakartarithe parietal bones
could indicate a medical problem that necessitated trepanationové&sr for the meningeal

arteries are supposed to be smooth with few depressions. In #as thaugh, the right
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meningeal artery groove had an irregular oval depression about 3epradée was deeper and
wider than the left meningeal artery groove (2003:327). Theralsasvidence of Pacchionian
bodies, which are a pronounced form of arachnoid granulations. Arachmmdlagions are
responsible for regulating cerebrospinal fluid. If they become l&amge and turn into
Pacchionian bodies they restrict the outward flow of cerebrdsfiind and cause excessive
pressure in the brain. However, in this case, the authors argudtigtatidence pointed to a
meningioma, a benign tumor on the meninges, that caused the aepmesbe meningeal artery
groove (2003:328). This, too, can cause a significant increase inl grge@saure necessitating
trepanation. These researchers used x-rays to show that the ioreaingas the likely reason
for the trepanation, as there was no external injury or traulN@ other pathological changes
were found on the skull that would indicate a disease or infectiad ths skull not been x-
rayed the meningioma probably would not have been detected.

Nemeskeri (1965) reports a case of osteomyelitis rarifioartee skull of male from b
century AD Hungary. Osteomyelitis is a general infectiothefbone caused by bacteria (White
1991:344), and osteomyelitis rarificans is a chronic inflammation effriintal sinus. This
individual's frontal sinus became porous due to the inflammation and likelst caused this
individual a lot of pain (1965:349). Osteomyelitis is the possible calasabr in this
trepanation.

A skull from an elderly female dated to the early Anglo-Saxore fperiod was found in
England. McKinley (1992:333) analyzed the burial and found that thigidlu@il, in addition to
a trepanation on the left parietal bone, had periodontal diseadal delculus, osteophytes in
the atlas and thoracic vertebrae, osteoarthritis in the ckmectebrae, Schmorl’s nodes in a

thoracic vertebra, and calcified rib cartilage. Since thnsdle was of advanced age when she
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died, these diseases are most likely degenerative ratherdtimtqgical. Advanced periodontal
disease can become quite painful if it severe enough and mighthased the patient enough
pain to require cranial surgery. Since there is no detailediptgserof how advanced the
individual's periodontal disease was it can be inferred that it was eih@etiodontal disease or
some other biological factor that did not manifest on the skeleton.

Another example of periodontal disease is described by Zias (198&i%%analyzed the
skull of a female living in Roman-occupied Jericho. The only pathologmdence on her
skeleton was periodontal disease. As previously stated, severe palodisease is quite
painful and might have been the reason the young woman was trepanned (1982:55).

Oakley and colleagues (1959:95) reported an ancient trepannedrskulléricho that
showed signs of mastoiditis. They argued that an infection oimth&toid process of the
temporal bone could be the reason for the trepanation (1959: 95). The alfioorote a
perforation of the external auditory meatus (external eard)cahthe same skull from Jericho.
This is the only clue as to why this trepanation was perforthede is no other sign of disease
on the skull. There is no explanation of the severity of theaulitss and whether this would
have produced pain severe enough to have required surgery.

A condition that causes ear pain and infection, cholesteatoma, couldthergpossible
reason why trepanation was performed (Mann 1991:166). Cholesteat@andition in which
the middle ear air spaces become filled with keratinizing dpithe Mann (1991) analyzed a
skull, recovered from ancient Cuzco, Peru, that showed pathologicalaan®ssicles, which
would have caused partial deafness on the side that was infe@ed. dtated that there would
be no pain or headache but possible facial numbness and/or paraly$id §699 It is likely that

trepanation was performed in an attempt to relieve the gaalyhile this individual showed
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biological evidence of a disease, it is also possible that cutagt@lrrs contributed to the disease.
In coastal ancient Peru, fishing was the main sustenant®dneThe Pacific Ocean is very cold
off the coast and Mann suggested that constant exposure to very telccowdd have led to the
buildup of keratinized tissue in the inner ear (Mann 1991:165).

Other conditions connected to trepanation include the presence of gleoxdgpossible
cysts or tumors. Kidd (1930), for example, proposed that gliomas, nonnmliginaors, might
have been the cause of trepanation in a male aged 19-20 years finsstopceCanada. Gliomas
are slow-growing and would have caused increasing intracranigupeeslt is possible that this
glioma forced open a suture causing distortion of the cranium (193(P&&)ell (1970)
described a skull from prehistoric Connecticut that showed evidendesdnation. The
individual was male and between 20-25 years old. There were no othelogatal conditions.
However, Stewart (cited in Powell), who also analyzed this skuylhothesized that the
trepanation might have been related to a cyst or tumor (Powell 1970afB®ugh there is no
pathological evidence to support this conclusion.

Another case of a possible lesion leading to trepanation was rednytddariani-
Costantini and colleagues (2000). These researchers analyzed thef akbilto 6 year-old child
from Imperial Rome, Italy, that showed evidence of hydrocephdiydrocephaly, or “water-on-
the-brain,” is the abnormal buildup of cerebrospinal fluid in the veesiof the brain, which
causes the cranium to grow abnormally and can lead to brain dajhafgerheide and
Rodriguez-Martin 1998: 57). Hydrocephaly results in an elongated skull, which causaseuic
pressure on the child’s brain. The authors, however, argue againstéyhaly as the need for
trepanation, arguing instead that it was performed to relieveyeeslue to a space-occupying

brain lesion in the posterior cranial fossa (Mariani-Costantimail.e2000:306). Lesions of this
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type are slow-growing and trepanation would have been an attengpbhdoe the lesion before it
added more pressure to the brain. The authors claim that thisnm#telirect ancient evidence
of a surgical treatment trying to specifically cure oneheke lesionslfid). Trepanation in this
case was used to alleviate symptoms of a disease that prolmalbtyvave been hard to identify
in antiquity. The ancient Romans did not have the luxury of x-raysnastl likely did not know
of the nature of the brain. It is likely that they were, indeedgusydrocephaly as the perceived
need for trepanation, though this might not have been causing the prasslire. However, if
trepanation was being used to cure only brain lesions then this shatwtbdé ancient Romans
had a very sophisticated knowledge of cranial anatomy and were excellent tiGgmas
Another case has been connected to the presence of the dietiargncy disease of
scurvy. Mogle and Zias (1995) analyzed a juvenile (8 to 9 ymd)sskull, dating to 2200 BCE
from the Middle East. The trepanation is incomplete suggestingtitbathild died during
surgery. Signs of scurvy on the child include defects and lesionkeofrantal bone and an
edentulous mandible with severe alveolar resorption (Mogle and Zias7T995:he edentulous
dentition suggests inflammation, which is a problem caused by degéicyencies, specifically
scurvy (Mogle and Zias 1995:79). The fact that the scurvy dadnaed suggests that these
people may have tried other curative treatments, but none workedepaddtion was their last
option. Perhaps the child died not from the trepanation, but from commtisati the surgery
due to scurvy. The authors state that there is some evidesiceribra orbitalia might have
caused the bony changes on the skull (Mogle and Zias 1995:77), bdinthéye evidence for
scurvy to be more compelling. In cribra orbitalia the bony changethe eye orbits are
proliferative, or increasing; however, in this skull, the bony chamagesdestructive, favoring

scurvy (Mogle and Zias 1995:77).
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Conversely, the individuals that show no evidence of skeletal patesloguld in fact be
the sickest and died before their disease left a mark on the bbeeindividuals with evidence
of disease were the healthiest as they survived, avoided death ahsetse was able to leave
its mark on the bone. This is the osteological paradox, that ofesitkest people show no
skeletal lesion of disease as they died too quickly (Wood et al. 1992t8d&¢ people could be
mislabeled as individuals who were trepanned for cultural reaswstisad of biological
pathologies. Wood, for example, speculates a situation in which thivpemulations face risks
that could increase the probability of death. The first subpopulatis rdeexperience stress
and, therefore, does not develop any bony lesions. The second subpopulatimex@emild
form of the stress that lasts long enough to cause bony lesionevbudeaths, and these
individuals who have these bony lesions survive. The third subpopulation undargeesre
form of the stress that kills individuals quickly, before bony lesapysear. If these populations
were examined archaeologically it would appear that instetfured groups, there are only two
groups: those who are healthy and without bony lesions and those whierarstressed and
have many bony lesions (Wood et al. 1992:345). The osteological paigdnxommon
problem in many bioarchaeological studies that study paleodemography.

Epilepsy

Epilepsy is a severe seizure disorder that many scholarswhiskKikely to have been
associated with trepanation. However, it is impossible to deterthie presence of the disease
from skeletal remains alone. In 1879, West was able to descrilzmtbeof a 14-year-old girl
who suffered from traumatic seizures, possibly epilepsy. Afsavere epileptic episode the girl
was hospitalized and was unresponsive. The author, West, trepannedeahiegoatiwithin two

days, she was talking and within a week she was walking. Trpana this case, was a
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successful method to treat epilepsy (West 1879:28) and so we mighthbgize that severe
seizures in the past were possibly treated with trepanatiamelas An intriguing study by Stone
and Miles (1990) describes several examples of trepanation frdmstoree Canada and the
United States, which do not seem to be connected with evidenagy (foa of pathological
condition or injury. They argue that is possible that these tatipais could have been
attempted to relieve headaches, epilepsy, or insanity (1990:1018).

When physical trauma is absent, disease appears to be dditelybehind the practice
of trepanation. The proposed diseases as causes for trepandtida tnmors and lesions, bone
marrow infections (osteomyelitis), periodontal disease, maswiditiolesteatoma, scurvy and
epilepsy. Tumors and other cranial lesions leave small indentatidhe interior of the skull
whereas osteomyelitis and periodontal disease eat away at tlee bdvastoiditis and
cholesteatomas would cause pain near the ear and possibly intdlaprasgure. Nutritional
disorders such as scurvy would have caused intense facial pairaweleviduals diagnosed
with epilepsy would have suffered from convulsions that ancient peoplghave attributed to
demons or spirits. Many of these cases are of individuals who sdirthee procedure and
possibly had very painful conditions that they had to deal with before and during theooperati

Trepanation for Cultural Purposes

Scholars are generally divided in how they think about the reasotregganation. Those
who do not see it as biologically based tend to emphasize the tahdraeligious reasons that
might have been behind the practice. Unfortunately, it is much mdreulfito support these
types of explanations when the supporting data are lacking. Somee ofuttural reasons
suggested include trepanation to alleviate the presence of smide an individual's head or,

when trepanation was performed postmortem, the use of powderedl tranes as a curative
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measure, and the use of cranial roundels as jewelry. Matwalutxplanations are proposed for
skull remains that show no evidence of disease, injury, or any stieof paleopathological
changes. Historians and archaeologists have suggested thgbspdrase individuals were
trepanned for magico-ritual, religious, and ritualistic reasonach Eof these will be discussed
below.
Spirit Possession

It has been suggested that possession, by a demon or otherwise, reason for
trepanation. Parry (1914) describes a man, from the I§te€®tury (location not documented)
suffering hysterics and severe pain in the head, which led tienfptt believe that there was a
demon inside of him. During the operation the patient felt no pain, arsathposed sign that he
was indeed possessed by a demon. It is not stated whether ém patvived or not. Also, it is
not stated whether or not the man suffered hysterics and paithafteurgery or if he was cured.
Nonetheless, this example from the recent past does lend someceréal¢he idea that people
who believe themselves possessed by spirits may have beed tva#t trepanation, though

these individuals may also have exhibited biological symptoms that ne@sktiggtanation..

Other Possible Cultural Examples

Mallin and Rathburn (1976) discuss the case from the Iranian IronlAxgpziod (1100-
800 BCE) of an 11 to 12 year-old boy, whose skull shows no evidence ofskegrieactures,
injury or disease (76). Since there is no biological evidence ofrgason to trepan this
individual, and given the fact that this individual is quite young, jtassibly part of a ritual or
religious ceremony. As the authors also ask, however, why ame nloeother examples of

trepanation found in the same population? Mallin and Rathburn (1976) $ak ttlepanation
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was performed for therapeutic reasons, then which malady waswtise: subdural hematoma,
headache, epilepsy or something else? There are three otherlifessienlarged parietal
foramina, fenestrae parietales symmetricae, and bilatst@bporosis of the parietals. However,
with further investigation of the skull the authors argue againse ttitege possibilities and
determine that this individual underwent a trepanation (1976:784). MaltirRathburn (1976)
dismiss the diagnosis of parietal foramina because of the eeiddgrosseous regrowth around
the parietal holes; this would not occur if these were enlargeetgddoramina (1976:785). The
second diagnosis, fenestrae parietales symmetricae is natotrect diagnosis due to the
presence of cut marks around the holes, ruling out this genetic anorRalglly, it is not
bilateral osteoporosis because there is no increase in porosigci@ase in bone thickness (as
seen from x-rays), which are two symptoms of osteoporosis onahmlcvault. In the end, it
was concluded that this was an example of trepanation, though the feasmpanation is

unknown.

Post-mortem Ritualistic Modification

The following two descriptions support post-mortem trepanation, whichestiggulls
were modified for ritualistic reasons. Ruffer (1918:91) and Oakielycolleagues (1959:93-96),
for example, describe cranial bones being used as powerful relgpets that have curative
powers in Medieval Europe. Ruffer briefly states that people thqumlitered cranial bones
had curative powers and that this belief continued up through theévidmis. In Gallic times
(260-273 CE) bone roundels (or roundels) were worn as ornaments @tafRuffer 1918:91).
There is even some evidence of roundels being perforated gheiatould be worn on a string

or chain around the neck (Oakley et al. 1959:93-96). Cases where powderiatibones were
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actually used were not discussed by Ruffer and there is no pghegeidance, art or otherwise,
presented that verifies people were wearing roundels of bones on their bodies {BL#&:91).

Parker and colleagues (1986) describe a skull from Medieval ithghath three
unhealed holes, probably made postmortem, that were likely usedpenduthe skull. They
argue that this was probably a ritual act (1986:155). Another dksliribed by Parker and
colleageues (1986) was buried with flints and charcoal. Theiogvef the head with flints and
the burning and burial of charcoal is highly suggestive of ritual, Ihettver the trepanation in
the skull was tied to ritual cannot be known (1986:155). The last skylldiseuss is one in
which the authors hypothesize that people were trying to extracbrain. The eating of the
brain would certainly be a ritual act, if that was in fact wthase people were doing; there is
evidence of mutilation on the skull that might support this hypothesis (1986:155).

Hinsdale and Greenman (1936:12) hypothesize that many casgsaoikd skulls found
in prehistoric Michigan were postmortem trepanations, and thdiales were used to suspend
the skulls in a ritual or decorative manner. Fletcher (1882) aigposts the cranial amulet
theory. He states that often cranial bones were found showing eviofenclkes, as if they were
at one time worn suspended on a person (1882:6). M. Prunieref @edf@ry scholar of
trepanation, believes that some of these pieces were usedkecandainking cup. He says that
Norsemen used to drink out of the skulls of their enemies aftéoriaas battles (cited in
Fletcher 1992:6). Fletcher (1992:6) also reports that the ancientrRastarian Livy reported
that the Gauls had this custom, as well (1992:6). While therecigsgisn from both ancient and
modern historians of the use of skulls and skull roundels for ritual andhemation, no one
provides first-hand accounts of people actually wearing roundels red bo their person, or

hanging these pieces of bones in their homes.
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Diffusion

Diffusion is another idea that suggests that the practice phriedion may have
originated in one locale and diffused to another. Littleton and F(#616:149), for example,
report on evidence of such diffusion from Oman to India. The authgue #nat trepanation is a
part of shared cultural heritage that moved from one place to armihevas an independent
invention in two main centers and then spread out from these centerauthors argue that the
practice began in the Oman peninsula and spread to India. The evidenites is the
distribution of trepanation throughout the world. In some areas, sucbutls Smerica and
England, there is a high incidence of trepanation, whereas in hastnal Asia it is not widely
practiced (149). Brothwell (1994) argues that trepanation beganvaratdoci and spread
geographically from one or two areas. It is Brothwell's (1994:13@)iopithat trepanation is
too unusual a practice to have begun independently in severabake#serefore it is important
to look at ways in which knowledge of trepanation may have spread (T3% theory is that
Paleo-Indian peoples brought the surgical knowledge to the New Vderlthey migrated.
Another possibility is that the knowledge crossed into the New Waulthrtater, perhaps during
pre-Columbian contacts with trans-oceanic voyagers, such asikmgs/(137). This idea is
very difficult to establish, however, given the fragmentary natdr¢he evidence in most

geographic regions.

Summary
There is strong evidence to suggest that in some places angdnmes (Mesolithic,
Neolithic, and Inca periods), trepanation was used to alleviatgdhel swelling resulting from

war injuries. Numerous other cases document the association afdtiepawith accidents. In
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addition, there are many cases of diseases including osteasnyslitrvy, and mastoiditis that
are associated with trepanation and it seems likely the procedhgeused to alleviate the
symptoms.

The non-biological theories are more difficult to evaluate. Wiolmes cases from the
recent past document that individuals who believed themselves possgsgaatdwere treated
through trepanation, the absence of injury or disease is most béeamly evidence cited as a
reason to suggest that religion was the motivation for surgery. rfadehat post-mortem
alteration of the skulls was done for ritual or adornment is askirlg. Nonetheless, this
possibility cannot be ruled out. Given all of these many diverpdamations, often tied to
individual cases from different places and time periods, it woulth s@gortant to first examine
all existing case reports comparatively to look for pattemsassociations before assessing the
merits of competing explanations for trepanation.

Contemporary Cases

Bart Hughes is the founder of the modern-day trepanation moventémtadvocates
trepanation as a way to increase blood flow to the brain and cdweetetrm “brain-blood-
volume.” According to Hughes, one’s level of consciousness is ginetdted to the amount of
blood in the brain (Bowen 1999). As babies, humans have a higher level adbasnsss due to
the fontanelle in the baby’s skull that allows more blood to entebria. Hughes argues that
once this fontanelle closes the amount of blood flowing to the brgmfisantly decreases.
Additionally, walking upright pulls blood away from the brain resultimg perpetual drain of
blood (Bowen 1999).

Eventually, Hughes convinced several other people of the beneé&ffiatts of

trepanation, including Peter Halvorsen, the founder of the Internafiloephnation Advocacy
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Group (ITAG). According to Halvorsen, trepanation cured his depresnd gave him a
permanent drug-free high (ITAG’s website www.trepan.com). Includghgf from depression,
Halvorsen also argues that trepanation relieves anxiety and mavdeigsas well as instilling
feelings of freedom and serenity in the patient. Trepanatsmales one a richer emotional
life, higher energy levels, and decrease in frequency andityevechronic headaches though
side effects could include injury or death from infection, strokeinbdamage, encephalitis,
epilepsy, or brain abscesses (Frey 2005).

Should one want a trepanation, there are doctors who are membBAgGowlIll perform
trepanation on any consenting adult over the age of 18. Accordingneetlieal proponents of
ITAG, “Trepanation...restores the pulse pressure to the brain.aéees and capillaries can
expand again, filling with an increased amount of blood and displacingathe golume of
water. A significant amount of energy, lost with adulthood, returnElAG website,
www.trepan.com). Between 40 to 60 Americans have been trepanned (Bjerg 2006).

However, the majority of neurosurgeons do not agree that there additbeo
trepanation. Although they all agree that a hole in the hedwk ifrst step in all neurological
procedures, according to Dr. Robert Daroff, “it's just to gain sxt€Bowen 1999). They also
argue that this procedure is dangerous during the execution anthaffmocedure is finished.
Once the procedure is over and the piece of bone is removed tlety & thin flap of skin
between the brain and the environment (Bowen 1999).

The contemporary trepanation movement is not very popular. Most medical
professionals do not condone it; however there are doctors who are part of thend AMBcaare
willing to perform the procedure. Their patients argue thigt tthe most therapeutic method of

achieving a permanent high, sharpening their senses. Howeverathesome individuals who
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have been trepanned that say that it is an ineffectual, costhoth Trepanation, whether in the
past or in the present, is performed for a number of reasons, thoygirplose of contemporary

trepanation seems to be the attainment of a permanent high.

Time and Geography

As discussed above, there is evidence of trepanation fromomtinents, excluding
Antarctica, and the earliest evidence of trepanation dates tdabelithic. In most geographic
regions trepanations date from various time periods.

Some overlap in time is observed inter-regionally. For exampleamation in Denmark
ranges from the Middle/Late Neolithic to the Early Roman Irge And in the Ukraine from the
Mesolithic. In France the practice dates to the Early iNgoland in Sweden dates range from
the Early to the Middle Neolithic. Austria’s La Tene period (450E-1"' century BCE)
provides much of the trepanation evidence and Germany has just erfeocad 753. Ireland’s
evidence is confined to range from tH¥& century CE to the 114" century CE. Evidence
from Hungary is strictly from the f0and 11" centuries. Russia has evidence from the
Mesolithic and the Medieval periods and Portugal's evidence rang@stiie Neolithic to the
Early Bronze Age. The Czech Republic only has evidence from 1298-I3ddCItaly mostly
in the Roman Imperial period. In England the practice sgenfohgest time from Neolithic to
Early Saxon periods.

Evidence of trepanation from North America (Canada and the Unitgdspivas found
on skulls dating from the Woodland Period to the Protohistoric period. tildneskulls from
Australia date to the same time period: 200-300 years ago, wHaihlysrecent as compared to

most of the other evidence. Trepanations from the Middle East lspafi inillennium BCE to
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the ' century CE while evidence from Peru dates mostly from 2000 BABQ0 CE; Mexico’s
evidence is from an even narrower time period of Late Preclas®00-1000 CE. Canada’s
evidence ranges from Pre-Columbian to between 430-100 years ag&vidence from
Asia/Oceania comes from the Late Bronze Age up to the ethnograygsient and Africa’s from
the Neolithic to the ethnographic present, as well.

Given that trepanation is widespread geographically and thatns spdong period of
time, we might expect to find some common factors involved in &stige. On the other hand,
the fact that the specific time periods of its use vary éyggaphic region, it could be that the
reasons for the procedure also vary by region and time periodla3 heefirst step in beginning
to determine the influence of geography and time period on théigeras a comprehensive
assessment and review of all known cases so that comparisons nad®end conclusions

drawn.

Summary

Theories about reasons for trepanation vary greatly as do the aypsspporting
evidence provided. Some literature (Aufderheide and RodriguezAViB®98:32) suggests
magical reasons such as the release of a demon or spiriflaasweedical reasons such as a
therapeutic cure for a cranial malady. Magico-therapeliortes view trepanation as a way to
release a spirit that causes maladies associated withdtdesheh as headaches, vertigo, coma,
delirium, convulsions, etc (Aufderheide and Rodriguez-Martin 1998:33).icitaigual theories
are often proposed for skulls that show no evidence of disease, iojuogher pathologies.
These might also include skulls that were trepanned post-mé#tefderheide and Rodriguez-

Martin 1998:32).
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The most common hypothesis surrounding trepanation is that it wsnped as a
surgical treatment (therapeutic) in cases of skull fractutesgensen (1988) and Bennike (1985)
are proponents of this theory. Another hypothesis is trepanation wasnped in cases of
severe disease including scurvy (Mogle and Zias 1995), bone tumonseamuyiomas (Smrcka
et al. 2003; Mariani-Costantini et al. 2000), headaches and seizuest {879 and Margetts
1967) and chronic ear infections (Mann 1991). Most of these authors ar® gisbvide some
actual physical evidence to support their contentions about trepanationhtthioisgdoes not
necessarily mean pathological and cultural reasons are mutually exclusive

This thesis collects and reviews all of the cases of trapanaported in the English-
language scholarly literature to look for overall patterns theghimlend credence to one
explanation or another and to examine temporal and geographic orariatisee if certain
explanations make more sense in particular contexts. This studfy potential significance
because it establishes a baseline review of all casesthiesas can use to draw conclusions about
the reasons for this fascinating practice worldwide or in gpelatalities. There are four
guestions that are answered in the following sections: Are merethan women trepanned
because men are more likely to be involved in warfare as #ratlite suggests? Is there any
evidence to support cultural explanations or is this a residualocgteged for when skeletal
remains show no evidence of pathology? A third question is whether dheret is any
evidence to support the theory of diffusion, namely that trepanatiomategi in one or two
centers and then diffused to other areas. And lastly, is thgreuttaral evidence to support
subadult trepanation or only biological evidence?

Material and Methods describes how this project was organizethamdhe research

was carried out. Results of the project will be discussed tatakpopulation as well as in
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separate geographic/culture areas. Finally, the Discussitiorsavill tie everything together

and draw out patterns in the data.
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Chapter 3-Materials and Methods

The main objective of this project was to undertake a compreheresnanr of the
existing literature on trepanation by locating as many princase reports of the practice as
possible. A second objective was to examine these case studiesodmdhem for basic
demographic and biological data. A third objective was to deterthengeographic location and
cultural group associated with the individuals in each case reportfifdieobjective was to
analyze these data sets for correlations between the practiepanation and any of the above
variables. It was expected that such correlations may only waéttun particular time periods or

geographic/cultural regions.

Data Collection

In order to meet these objectives a two-step process wamdd. The first step was to
obtain as much of the available primary published literatureepamation as possible. Online
search engines, ECU libraries, as well as InterlibrarynEdqd_L) were used to obtain literature.
Key phrases such as ‘trepanation’, ‘trephining’, ‘ancient clasiagery’, and ‘ancient
trepanation’ were used to search through these online libramghseagines. When the articles
were received, the bibliographies were searched to obtain additpuats. Articles that were
in Spanish were also included as | am proficient in reading Spariike search attempted to
include all time periods, all geographic locations, and all populatidtswever, articles in
languages other than English and Spanish were excluded fromutiys sSince only English
and Spanish language articles were used a lot of data from atmuwnarid is missing. Articles

in other languages may have data that influence the sex and atmitiist as well as factors
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that affect the purpose of trepanation. Also missing are unpubbksheies, cases of trepanation
in museums or museum storage, and also the unknown amount of cases ofid¢refizetahave
yet to be discovered. It is unknown whether or not these cases waedd tag results of this
study. Then the same search was carried out for books and the hjttiegr of these books
were searched to see if there were any more relevant sawai&sgble. A total of 70 articles and
one book were used. A complete bibliography is located in Appendix C.

The second step in data collection involved organizing and recording irni@nnia all
cases of trepanation reported in the literature. There were@83% of trepanation recorded
from this literature. Once all the articles with relevaadecinformation were found these were
divided into geographic regions and then further subdivided into countries. walsi done to
group cases that were in close proximity so that geographicrsatteuld easily be discovered.
In Europe, these data were organized by country: Ireland (8j)gdJKingdom (44), Denmark
(18), Portugal (18), Spain (8), France (1), Italy (5), Austrig )ngary (21), the Czech
Republic (1), Germany (1), and Sweden (1). The European casesgwmiped into the
following areas: Scandinavia, Eastern Europe, Western Europe, and the NonthaSea a

In North America, these data were organized into Canada andhttesl States. Canada
was then divided into British Columbia (15) and Ontario (3), and the dJSitates was divided
into the Eastern US (13 cases from Wisconsin, lllinois, Michigargrgiee Maryland, and
Connecticut), which is defined as east of the Mississippi riventr@l US (two from Arkansas
and South Dakota), which is defined as west of the Mississippi ahafeldd, CO, WY and
MT and Western US (11 from New Mexico, Washington, California, alask&), which is
defined as NM, CO, WY, and MT to the west. Central Americauded cases from Mexico

(38) and Belize (1), and South America was separated into Bdliven(l Peru (25). Africa was



30

separated into South Africa (6), Egypt (2), and Guinea (1) (thesethveonly areas where cases
were found). Cases for the Middle East were reported from(1a the Palestine (3), Jordan (2),
the Sinai Peninsula (1) and Jericho (7); and there were vari@isric&uropean case reports
from Russia (5), Latvia (1), Siberia (5) and the Ukraine (flalBi, Australia (2) was a separate
group and Asia (10) and Oceania were grouped together due tmiyopxhe islands of Oceania
with case reports included Melanesia (3), New Britain (2), and New Ireland (

Cases were also subdivided by time periods, when remains wede fhese findings
are reported in the results section. It is important to note2Biatcases come from past time
periods, while 6 reports are classified as from the “ethnogragghsent,” meaning researchers,
traders or missionaries actually observed the practice at pome in the late 19 century
through the 29 century. The majority of the case reports from the ethnographient come
from Africa and Asia.

The next step was to code each case for the primary demographic and bivkgatdds
reported. A standardized checklist was used for each caseAfpendix A). The demographic
variables that were coded include biological factors, socioculfacabrs, and archaeological
context factors. Biological factors include location, size angeslod the opening; age and sex
of the patient; presence/absence of pathology and disease; presénmjury; and
presence/absence of dental disease, developmental disorders, amidnautdisorders.
Sociocultural factors such as the culture of the people in d& #re approximate time period
from which the remains came, subsistence patterns, stratificatid political systems, presence
of warfare, body modification practices, ethnomedical or religioastizes, and kinship systems
were included. The archaeological context, such as location dditheassociated artifacts,

dating methods, tools used during the surgery, and time period bfitia were also recorded.
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Not all cases had all the information; spaces were left blatilere was no information for a

particular factor.

Data Analysis
Once all the data were separated by geographic region, thhreyawalyzed primarily to
investigate relationships between age, sex, and region of the skwhich surgery was
performed. The first analysis performed was to determinedtets and frequencies, according
to the trepanation cases, of sex, age, location of the wound, shapeserteref healing within
geographic areas. Tables were created showing the relatiobshigeen age, sex, and location
of the surgery on the skull by geographic region as well azthgonship between age, sex, and
time period within geographic regions (see Results Chaptenallysithe total population (see
Results Chapter) was analyzed and the age, sex, location, shapgweaadce of healing
percentages were determined. Relationships between these gagi@bpeesented in the Results
Chapter. The significance of the information presented in the R&3dpter will be discussed

in the Discussion Chapter.
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Chapter 4-Results

To fulfill the previously stated objectives a total of 70 artickesl one book was
examined to yield 293 pertinent cases that were included in gostreThe variables that were
recorded from these cases included age at death, sex, locatiepavfation on the skull, shape
of the trepanation, method used to create the trepanation, and thecpresabsence of healing.

Thirty-seven individuals had more than one trepanation on their skulls.

General Population Results
When estimating the sex of an adult two areas of the skelet@negieminately used: the
skull and the pelvis. Generally, male skulls are more robust, haxe prominent supraorbital
ridges and glabellar regions, as well as robust temporal and inelsal Male skulls have larger
mastoid processes, larger sinuses, and larger occipital contiglesfdmales. Males have
squarer chins than females (White and Folkens 2005). However, in mémgsefreports the
method used for sexing the individuals is not described. For indivichal®ave both the skull
and pelvis intact several methods are used to sex the individual. To sex the pelvestagator
can look at the sciatic notch, presence or absence of a ventrandrgubpubic concavity.
Investigators may have relied on some or all of these methodbkis Bample the sex of 215 out
of 293 individuals were reported by the researchers. Of the 2ibdinglis, 52.9% (155) were
male, 20.45% (60) were female, and 26.62% (78) of the individuals’ sex was indeterminate.
It is more difficult to estimate the age at death of siketemains. There are numerous
ways to determine age-at-death from using the teeth (mostsufmdults) to the fusion of the
cranial sutures, which can be a bit unreliable. Ubelaker (1978)edreadental development

chart, using a Native American sample, which is used to detemmiiable ages to about 21
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years. Adult age can also be estimated from cranial sutgere though this method should be
combined with other age-determining techniques. However, in a studybgddegman and
Iscan (1986) it was found that the sphenooccipital suture is québlecin its closure, as at least
95% of individuals have fusion here between 20 and 25 years of age. tstiofaadult age
can also be determined from epiphyseal closure. The fusion ofyspgplo diaphyses happens
in a specific order, but the ages for these fusions can vary indiyicamhvell as by sex and
population. For example, the medial epiphysis of the clavicle het@geen 21 and 25 years of
age, whereas the ischium fuses around 17 years of age (Krogmatscand1986:146).
However, the most widely used method of aging an adult is from the pwuiphysis surface.
There are two methods that are widely used: the Todd method [B&fd 467-470) and the
Suchey-Brooks method (Brooks and Suchey 1990: 227-238). Both methods use theptopogr
of the surface, the margins of the surface, as well as anyiggaso®ony growth on the surface.
The auricular surface of the ilium can also be used to age anduaiv(\White and Folkens
2005). Investigators most likely used any or all of these in #malysis. Only 209 out of 293
individuals’ age-at-death were determined. The bulk of the sangd8e3® years or younger or
simply categorized as “adult.” For a chart comparing sex aadaghe total sample see Table
1.

The shape of the trepanation is probably related to how the trepanation was crelaged on t
skull. If a grooving method was used it is mostly likely thatghape of the trepanation would
be a square or rectangle as those are mostly easily produted lmethod. Scraping across the
surface of the skull would produce a circle or oval, as would driifirtge skull. However, only
79 cases included a report of the method used so it is difficidtatethe method to the shape.

When possible, | examined the photographs of the skull to determine $ioayever, if there
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were no photographs of the trepanation then I relied on the authorigptiescof the shape of
the trepanation. The most common shapes present on the skulls includezhdvatsles (37%
and 41.4% respectively). Rectangles, irregular shapes, triatigleasr cuts, and incomplete
openings are 8.13%, 2.44%, 1.63%, 3.66%, and 1.22% respectively. The following skape
each less than 1% of the total sample: semicircle, v-shppbgon, cup-shaped, heart-shaped,
trapezoid, urn, saucer, and hexagon-shaped. The most common method sisemtawang
(54.4%) and drilling (21.5%). Cutting, sawing, grooving and boring waoh 10.1%, 3.79%,
7.59%, and 2.53% respectively. For a comparison between sex and shape see Table 2.

There is not a lot of variation between the number of trepanation ogemintie left or
right side of the skull. The left side, 118 cases, (36.6%) was moreapdipaih the right side, 94
cases, (29.2%) but the percentage of unsided openings, 110 cases (34.2ghemathan the
percentage of the right side. The right parietal, 73 cases%2#ds trepanned more often than
the right frontal, 21 cases, (6.52%) or the right temporal, 1 case, (0.8t¥arly with the left
side: the parietal, 79 cases, was trepanned more frequently (2h&8o¢ither the frontal, 31
cases, (9.63%) or the temporal, 7 cases (2.17%). The occipital, 8)wasehe trepanned bone
in 6.21% of the reported cases. Craniometric points lambda, 11 cases,)(34ddma, 14
cases, (4.35%), and obelion, 2 cases, (0.62%) were trepanned at adoenfy. The sagittal
suture, 28 cases, (8.70%) and the coronal suture, 9 cases, (2.8%) hadrbglencies of
trepanation than the craniometric points. There is also evidence idédrisontals, 13 cases,
(4.04%), unsided parietals, 12 cases, (3.73%), and unsided temporals, (0.849é) being
trepanned.

There is a relationship between shape and method; it appears Hirag dnd boring

create circular openings whereas scraping would create owddl@ng openings. Rectangular
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shapes are efficiently created by the grooving and cutting methddditionally, the location
on the younger individuals who were trepanned and the older individuals wadreganned is
not as widely varied as the middle-aged individuals.

Healing is an important factor as it tells us whether or hetindividual survived the
surgery. If there is substantial healing then we can assumééandividual lived for years
afterward. According to White and Folkens (1991:23-25) if thesense bone remodeling then
we can assume the individual lived for a few months after thgesur If there is no bone
remodeling then the patient either died in surgery, shortly aftea, few days after surgery.
Bone begins healing itself immediately after injury has aeclur When the bone is fractured
broken blood vessels in the bone leak blood into the fracture which fohesxatoma which
coagulates as the blood vessels are sealed off. As the bloodateaguld forms a hematoma, a
bump or callus begins to form on the outer layer of the bone, ¢hltegeriosteum. This callus
holds the two pieces of the bone together. Osteoblasts, bone celtseiduz bone, turn the
callus, which consists mostly of fibrous tissue, into woven bone. Thtegs takes about six
weeks. The woven bone is then transformed into lamellar bone. Depending on how well the t
pieces of bone fit together during the healing process evidencenfréanay not be observable
to the naked eye (White and Folkens 2005).

There were 113 (79%) instances of trepanation that showed evidencalinof.heln
Eastern Europe there are eight documented cases of helllthg; @ases from Hungary and the
Czech Republic show evidence of healing. In Western Europe, eightsenstew evidence of
healing; most cases from Italy and Portugal and all of the éasesAustria, Spain, and France.
There is no documented evidence of healing from Sweden but twelve & efghteen cases

from Denmark show evidence of healing. The North Sea area mdgrgs evidence of healing
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of ten out of fifty-two cases from this region. Fifteen oute@wfhteen cases in Canada show
evidence of healing, and eleven out of twenty-six cases from thedJsiates show evidence of
healing. About one-third (12) of the thirty-eight cases from dda®erica show evidence of
healing compared to half (13) of the twenty-six cases from Sgutrica showing evidence of
healing. In Africa four (out of nine) cases show healing evider@ee-third (5) of fourteen
cases from the Middle East present evidence of healing, both frase Australia show healing
evidence, and only three (out of ten) cases from Asia show heaiugnee. Most cases that
report the presence or absence of healing describe bone remonhelicative of healing
processes and survival.

There are patterns in these factors that are more easilgvablkgeif the individuals are
separated into culture areas. The objective is to examineefiagase geographic patterns in
terms of types and techniques by culture area and time perwltlireCarea was determined by
geography; sites that were in the same country or in the samteent (i.e. Peru, Europe,

Africa) were grouped together as outlined in the previous chapter.

Results by Geographic Region
Europe
Eastern Europe (see Table 4)
The Eastern Europe geographical area includes the countriesahéJKratvia, Russia,
Siberia, the Czech Republic, and Hungary. There are a total of @foas this region. Out of
the 10 cases that reported the presence of absence of healing, 8 svayemce of healing.

Twenty-seven out of the thirty-nine (69%) were males, eight (208é6¢ females, and four
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(10.2%) were unsexed individuals. The ages ranged from 11 to 65+ witlohtles individuals
(27169.2%) aged at 50 years or younger.

The most interesting, anomalous individuals come from a sample (2%)dasm
Hungary; all the cases are from thé"#nhd 11" centuries, and 15 (71.4%) of the individuals are
male. Of the trepanations, 18 or 76.9% are on the parietals and twauadsvhave multiple
trepanations. The scholars who conducted the research suggestphastion was performed
to treat injuries sustained in warfare (Derums 1979:462), possibtersu(Smrcka et al.
2003:327-8) and/or to treat possible infections (Nemeskeri et al. 1965:8%8){Hese warfare
injuries. The high percentage of males in this sample adds cestietite hypothesis that these
individuals were trepanned due to warfare injuries since only madekl have engaged in these
acts. Out of the eight females in this sample only two hawkeeee of pathological conditions
on their remains. One female shows evidence of hypervasculamizaiil periostitis on the long
bones as well as dental caries on seven out of her remaining@tB0 t€he other female has
evidence only of dental abscesses, which would have been quite painful t@agsibly
necessitated trepanation. Additionally, the ages are spread teadnsf being confined to a
particular age group; this is true for both females and males.the whole sample the time
period ranges from the Mesolithic to the™@entury AD, with a concentration in the"@nd
11" centuries AD as well as in the Early Bronze Age (see TébleWarfare and infection are
not confined to one specific time period, therefore any and all sé thgpothesis could correlate
with the time periods reported in this area.

In Eastern Europe there is evidence of skeletal pathologies anflides on fifteen
individuals. Injuries found on the individuals include cranial fracturesynas, cut marks,

depression fractures on the frontal bone, and glabellar trauma. abkE#dtologies on these
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individuals include arthritis, frontal sinus inflammation, dental sarigeriostitis, Schmorl’s
nodes, degenerative arthrosis, antemortem tooth loss, and ossificatienxgshoid process and
sternum as well as the ossification of T11 and T12. One individuagl@ fnom Latvia, had

multiple trepanations.

Western Europe

The sample from Western Europe includes the countries of PortugdtjaAusaly,
Spain, France and Germany. This culture area has a total a689 af trepanation. The cases
are mostly spread out between Portugal, Austria, Italy and Sfrainge and Germany only have
one case each. Out of the 39 cases 27 (69%) are male, two &féinate, and ten (26%) are
unsexed. The only documented females are from Spain. The ages ranged fro®55- with a
large majority (24/61.5%) of the individuals 45 years or younger. Otliteo88 trepanations in
this area, fifteen are on the right parietal (39.5%). The raeaiwere found on the left parietal
(10/26.3%), left frontal (3/7.89%), sagittal suture (3/7.89%), and unsided f(@/6z86%); the
left temporal, right frontal, unsided parietal, occipital and lamkatd dvad one case (2.63%).
This either suggests warfare injuries (since most peopleigitehanded, injuries would be
found on the left side), or that possibly this was the easietd@urgeon.. The time periods of
these cases range from Neolithic to Early Bronze Age inuBalit France and Austria, and
during the Roman Empire in Italy. Germany’s single casdérasn 1753 (see Table 2).
Investigatorsfrom Italy suggest trepanation was performed to treat possible cranialréact
(Capasso and Capelli 1992:104) and cranial tumors (Mariani-Costantini et al. 2000:306).

Only six individuals in Western Europe showed evidence of eitheryigu skeletal
pathologies. Injuries include frontal depressions and fractureseasekeletal pathologies

include osteitis, inflammation, and hyperostosis. Four out of the gglmigrsample had multiple
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trepanations; one male from Neolithic France, an older adult fne@e Portugal, a young adult
male from Bronze Age Portugal, and a 50+ individual of unknown sex framnzBr Age

Portugal.

Scandinavia

The majority, (18, 94.7%) of Scandinavia’s cases come from Denmadde® only has
one case. Out of the 19 cases 15 (79%) are males, one (5%)aie,famd three (16%) are
unsexed individuals. The age distribution ranges from 18 to 55 with roatens in the 26-30
age group and 41-45 age group. The sample is mostly from the Nlateéléleolithic and
Bronze Age (see Table 3). The majority (9/47.3%) of the trefmansaéire on the left parietal and
85.7% (12 cases) show evidence of healing. Possible explanations exduadeunds (Bennike
1985, 70) or other sharp force trauma causing fractures of the agudind splanchnocranium
(Bennike 1985, 97), or facial skeleton (White and Folkens 1991, 45).

Five individuals in Scandinavia showed evidence of cranial injuries, bugkeletal
pathologies. These injuries include blunt force trauma, slash nmaméissword cuts. Two

individuals had multiple trepanations.

North Sea Area

The North Sea area includes the countries of England and IrelantvedBethe two
countries there are 52 cases, the majority (44/84.6 %) being fnghariel. Twenty-eight (54%)
are males, five (9.6%) are female, and nineteen (36.4%) are drniedkaduals. The ages range
from subadult to 65+ with concentrations in the 18-35 and 46-50 age groupsnajdngy of

the trepanations are on the right (17.4%) and left (37%) parietdls.sample from Ireland is
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concentrated mostly in the Medieval periol (&ntury to 1% century) whereas the sample from
England is spread out from the Neolithic to Early Saxon periodsT@ele 4). Out of the 13
cases that reported absence/presence of healing 10 (77%) showed eewadlehealing.
Speculation as to why trepanation was performed on these individudlslenintracranial
pressure and religious/ritualistic practices, such as suspension of sketbéoaton (Parker et al
1986, 155), possible warfare injuries (Parker et al 1986, 145) and periodsetdal(McKinley
1992,339). Several of these individuals were unsexed, though there weralgo(17-25 and
60+ years) and one elderly female. One particular individuak,ragke indeterminate, from the
Neolithic period was burnt. Whether this burning was part of a ritual or accidentalaarunc

In the North Sea Area fourteen individuals had evidence of sketgtamies and/or
skeletal pathologies. Wounds to the frontal bone, decapitation, depréssitures, and linear
incisions are examples of skeletal injuries. Pathologies andséiseinclude ankylosing
spondylitis, septic periostitis, and inflammation of the bone, dehtalesses, Schmorl’s nodes,
osteoarthritis, dental caries, periodontal disease, porotic hypesostoemortem tooth loss, and

osteitis. Five individuals had multiple trepanations.

Canada

The sample from Canada includes the territories of Ontari@atish Columbia. Out of
the 18 cases from this area, 9 (50%) are male, 6 (33.3%) areefandl3 (16.7%) are unsexed
individuals. The ages are spread out from subadult to 65+ withrdositoens in the subadult
age group, 18-25 age group, and 41-45 age group. The trepanations wereaundtign the
occipital bone in this area, with a few instances on the flefitdl and parietal bones. Fifteen
(83.3%) out of the 18 cases show evidence of healing. All of theganttions date to Pre-

Columbian time periods except for the three in Ontario which dahet®600s-1800s (see Table



41

8). Only two individuals from Canada show evidence of cranial injutles;only injuries
documented in this area are two instances of arrow wounds. Oniyndimelual had multiple
trepanations.

Investigators propose different reasons as to why trepanatiorpevéamed. Kidd
(1930:86) analyzed a case from Ottawa and concluded that trepanatjomane been to treat
gliomas, small malignant tumors that are slow-growing, wBilene and Miles (1990:1018)
indicate that rituals performed by shaman to cure headachesitynsad epilepsy may have

been important in religious ceremonies or medical treatment.

United States (Native North America)

Eastern US

There are 13 cases from the Eastern US: 53.8% (7 casesalate/r69% (1 case) was
female, and 38.5% (5 cases) were unsexed individuals. The agesomeemtrated in the 25
and younger age group and the 65+ age group. The majority of the trepaneere on the
unsided parietal (3/23%) and unsided frontal (3/23%). All 6 cases réj@dried
presence/absence of healing showed evidence of healing. All frasesthis region are
prehistoric. Powell (1970:733) analyzed a case from Connecticut ated $hat it was possible
that trepanation was performed to cure a cyst or tumor while H;nadd Greenman (1936:12)
suggest that the practice was performed for ritualisticoresasn remains from Michigan. No

individuals from this geographic area show evidence of injury or disease on #terskel
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Central and Western US

There were only 2 cases reported from the central US. m@inadual was male, the
other unsexed. The male was between 30 and 34 years of dge tmpanation on the left
frontal, which showed evidence of healing. All cases from this regrenprehistoric. One
individual had evidence of antemortem loss tooth.

The Western US yielded eleven cases, three (27.3%) were malg,l82%) were
female, and six (54.5%) were unsexed individuals. Only four of twerelead recorded ages
which ranged from 31-35 to 65+. The majority of the trepanations7S¥), were on the right
side (frontal and parietal), and out of the seven cases that reploetqutesence/absence of
healing, 57.1% (4 cases) showed evidence of healing. According tes$earch reports, it is
possible that trepanation was performed to relieve intercraregbyre (Science News Letter
1935, 377) or to relieve some sort of pathological condition (Shapiro 1927:267).tinféhe
period for all sites in the United States was pre-Columbian, mikt dating to the Woodland
Period (see Table 9). Three individuals from the Western USitates presented with sinus

pericranii (a vascular anomaly), occipital flattening, and lesions onadhetwrault.

Mesoamerica

There are 39 cases reported from this geographical argg:dight from Mexico and
one from Belize. Of these, 31% (12 cases) are male, 54% (21 easd®male, and 15% (6
cases) are of unsexed individuals (see Table 10) This is an unusual casehevpereentage of
trepanned females is appreciably greater than the percentagparirted males. Additionally,
the majority (18/46.1%) of the cases are subadults and individualei26-30 age group,
although the age-at-deaths of the whole sample ranges allaheipvto 65+. The right, 18

(34%), and left, 12 (22.6%), parietals have the majority of theamiapns located on them.
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Twelve (85.7%) out of the fourteen cases that reported presenceiligehealing showed
evidence of healing. The time period for these cases rémges reclassic (about 400 BCE) to
900-1000 CE (see Table 10). The sample from Mesoamerica is |l&egeje. None of these
females show evidence of injury, only evidence of infection, &ghand osteitis. This is quite
different from the other geographical samples as they areymoate. The significance of this
large female sample from Mesoamerica will be discussed in the Dscusspter.

Wilkinson (1975:838) suggests that treatment for injury was likelydmains found in
the southern Mexican highlands. Alternatively, Velasco-Suarez aneagaks (1992:313-319)
suggests that a possible brain tumor as well as relief framatrpressure causing headaches
may have been the reason to perform trepanation (1992:313-319). Ten indit@diahultiple
trepanations. One individual was unsexed and unaged. Three weremeafem 500-750 CE,
aged 20-25; the second from around 650 CE, aged 30 years; and the thisD@atG0 CE,
aged 40 years. The remaining six were female. One youngfleml600-750 CE; the second
young adult female from the Late Classic period; the third ddaoiale from 100-200 CE; the
fourth female, aged 21-35 from 900-1000 CE; the fifth female, 2¢e8b, from 500-750 CE;
and the final sixth female, aged 25-30, from the Classic Perfmlrteen individuals from
Mesoamerica display evidence of injuries and disease. Injaribss group include depression
fractures and frontal depressions. Skeletal pathology in Mesaamedludes necrosis of the

sternum, osteitis, acute osteoporosis, infection, periostomata, and dentalesbscess

South America
The two areas where there are reported trepanations arariReRBolivia. Bolivia only

has one reported case. Out of the 26 total cases, nine (35%)ley¢hnese (11.5%) are female,
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and fourteen (53.5%) are unsexed individuals. The few cases thaedepges were mostly
recorded as “adult” or 65+ years. Peru’'s cases were spredoetwgen the right frontal, 3
(9.68%), the right parietal, 3 (9.68%), the left frontal, 5 (16.1%), the@deietal, 3 (9.68%), the
left temporal, 2 (6.45%), the occipital, 3 (9.68), the craniometric pointsmbda, 1 (3.22%),
and bregma, 3 (9.68%), the sagittal, 4 (12.9%), and coronal sutures, 1 (3a22Pt)nsided
frontal, 2 (6.45%), and temporal, 1 (3.22%) bones. A large variety didocan the skull is
quite rare. This could have something to do with the larger samfleuth America as opposed
to the other areas, but it also might relate to the ancientiekizcal knowledge and well-known
incidences of warfare. Out of the eighteen cases that documémtearesence/absence of
healing, thirteen (72.2%) showed evidence of healing. The age ard sexeral individuals
who showed evidence of healing were undocumented. There is one documented casalef a fem
of advanced age and undocumented time period. She has two trepaamatidres wounds are
completely healed. The rest are male. One male is frori@00-CE (undocumented age) with
smooth margins on the opening. The second male is middle-agedrfranmdacumented time
period; he sustained seven trepanations and all showed evidencérgf. héae final male was
of advanced age from an undocumented time period that also exhibited a deep fracture.
Three individuals had multiple trepanations: two of the individuals withitiphe
trepanations have been described above; the third individual is a pliehisiddle-aged male
who showed evidence of mild dental attrition and porosity surrounding frenaton openings.
One individual had seven trepanations ranging in size from 43n2®non in diameter all over
the skull: frontal, parietal, temporal, and near bregma. Thess canged in time from 2000-
1200 BC to 900-1000 CE (see Table 11). Only five individuals from Southidansnowed

evidence of skeletal pathologies or injuries. These include fremias inflammation, osteitis,
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spinal degeneration, bipartite patellae, internal porosity, deatas, dental attrition, and one

case with a depression fracture.

Africa

Africa has evidence of modern and prehistoric trepanation. In mteay Margetts
(1967) three modern cases are described, all male, all involvelimatic head accidents. All
three survived (cases described in Literature Review) (Margetts 1967:684-691)

The prehistoric cases come from Egypt, Guinea, and South Afdiaaof the nine cases
reported here, six (66.6%) are female and three (33.4%) are Daly. three of the ages are
reported (18-35), and the majority of the trepanations are locatdieaight (33.3%) and left
(25%) parietals. Four (80%) out of the five cases that reporeskmce/absence of healing
showed evidence of healing. The time period for these casesfrangBleolithic to ' century
Roman (see Table 7). Speculation as to why trepanation wasnpedftiere includes treatment
for epilepsy (Drennan 1937:189) and treatment for depression fractndeshemd injury
(Margetts 1967, 678).

Seven individuals from Africa display skeletal injury and skelp&thology including
depression fractures, gashes in the skull, and cut marks. Pathaludiete linear enamel
hypoplasias and pitting on the cranial vault. In one individual the nasal septumghteskewed
which could be congenital or due to an injury; there was also eviadrstaull flattening. One

individual, from the prehistoric group, had multiple trepanations.

Middle East
The Middle East yielded cases from Iran, Jordan, and the ciigricho. There were 14

cases total; six (42.8%) were male, two (14.3%) were femalesian@?2.8%) were unsexed
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individuals. The ages ranged from 11 years to 65+ years. Must afdividuals were 50 years
or younger. Eleven (55%) cases of the trepanations were locatbd aght and left parietals.
Six cases reported the presence/absence of healing and five (838%) these six cases
showed evidence of healing. Four of the five were male. Therfats, aged 35-45, is from the
Bronze Age and showed evidence of healing indicating survivatwadral years. The second
male, same age, is dated to tHemdillennium BCE. The third male, aged 40-50, dates to the 1
century CE and shows some regeneration at the trepanation openinfpuifihend final male,
same age, dates to the same time period. The fifth indiviadsalbadult aged 11-12, is from the
Iron Age Il period (1100-800 BCE). This individual shows evidence of osteitis. The e¢inoel p
for these cases ranges from tfferdillennium BC to the % century AD (see Table 10).

There are three individuals from the Middle East that are woghtioning. The first
individual, a 35-40 year old male, was from tffentillennium BCE. He had two trepanations,
both on the right side near bregma. There are no injuries oradkeddhologies present on the
skeleton, though the facial region is twisted to the right, peraagangenital condition. The
second individual is dated to the Middle Bronze Age and is an 8 torQideguvenile. This
juvenile shows exacerbated conditions of scurvy, the mandible corgpetehtulous as well as
alveolar absorption. The last individual is another juvenile, datirthedron Age Il period,
aged 11 or 12 who presents with osteitis near and around the trepasitti There is evidence
of bone regeneration showing that the juvenile survived the operation.

Four individuals had multiple trepanations, two males, two females.firEhenale is
aged 20-30 years and dates to the Bronze Age; he has trepanatitires foontal and right
parietal. He also shows evidence of dental caries and periodsd#akdi The second male is

aged 35-40 and is dated to tHentillennium BCE; he has evidence of trepanation on the parietal
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near bregma and on the right parietal near the coronal suturdirstiemale is 25-35 years and
dates to the Roman periodf(@¢entury AD). She shows evidence of periodontal disease and has
two trepanations to the left of the sagittal suture on thep#efetal. The second female is aged
35-45 and dates to the Bronze Age. She has three trepanations, bedefhgarietal and two
on the occipital. Nine individuals presented evidence of pathologythberg were no skeletal
injuries. Dental caries, periodontal disease, inflammation, ¢ibieitis, antemortem tooth loss,
alveolar resorption, cribra orbitalia, and scurvy are the pathologies frogetiggaphic area.

Mallin and Rathburn (1976:782) analyzed cases from Iran and propose@ paatation
was performed to treat fractures. Zias (1982:55), on the other hangssdis@ case from Jericho
where periodontal disease was also present and may have bedoradathe trepanation.
Finally, Mogle and Zias (1995,:77) analyzed subadult remains froaelland based on bone
resorption concluded that scurvy was present and may have lediteemnedy trepanation. One
researcher (Littleton 2006) discussed a possible case of diffusioeassn for trepanation.
These cases are from Oman and date to the Hafit period (3200-2&)0 Bittleton (2006:149)
argues that since the idea and practice of trepanation is @ashafed cultural heritage then it is
possible the idea began in one or two areas and then spread out from these areas.
Australia

Webb (1988) describes two cases from Australia. Both were denpalssible
Aborigines, as they are dated to around 200-300 years ago (seelPabl These skulls were
discovered by Webb in different collections that were createdglaripaleopathological survey
of Australian Aboriginal skeletal remains that was caroetlin 1983. There is no record of
when they were found or who found them. Both trepanations show evidencaliofhene

trepanation is on the right parietal and the other on the sagittate. The shape of the
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trepanations is not consistent with any weapons associated witmd@igso there is a lack of
evidence that these skulls were related to combat injuries.twithendividuals from Australia
only show evidence of grooving, which could be connected to the trepanatimedpre. The
author does not believe that there is ethnographic evidence for thiegrddrepanation among

the Aborigines since there are only two skulls that exhibit such a practice.

Asia and the Pacific Islands

Out of ten skulls, 80% were male, 10% were female, and 10% weneedns&he only
recorded ages were “adult” and the trepanations were locttedea the skull. There are 13
individual trepanations (some individuals have more than one trepanaimgin):(2/15.3%)
parietal, left frontal (4/30.7%) and temporal (1/7.69%), occipital (3)23P& coronal suture
(1/7.69%), and the craniometric point of lambda (2/15.3%). Three (out akfdeeted) showed
evidence of healing and two individuals had multiple trepanations. iRdividuals show
evidence of skeletal pathology or injury including inflammatiorihef cranial vault, disease in
the right frontal, and skull fractures in the cranial vault.

Asia and Oceania are areas where there are both modern andopweltases of
trepanation. The individuals from Asia who were trepanned in moders thraee most likely
trepanned due to injuries from sling-stones, which can cause alchmmorrhage (Crump
1901:167). The three semi-contemporary cases from the South Seas itckelenales,
reported by Crump on his visit there in the earl{ 2@ntury. The first male of undocumented
age was struck by a sling-stone; after trepanation he nevemedgaonsciousness and
subsequently died. The second survived for seven years after theatr@paand the third had

the operation to cure headache. Crump (1901: 167), who previously authoreitlanoa
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native surgery on this area, was in the South Seas area doingchiesd@n he spoke with
inhabitants who witnessed the three trepanations and he subsequently recorded them.

An adult male from % to 3¢ century Mongolia had seven trepanations ranging in size
from 5mm long to 23mm long. These seven trepanations were spreathewiull but were
most concentrated on the left frontal and the lambdoid suture. Therehistoric cases are
from the %-3" century BCE Mongolia (see Table 9). All of these individualsnaaée and all
categorized as adult. Two of these individuals have multiple trepasabne male showed

evidence of seven trepanations. Two of the prehistoric individuals had multiple trepsnat

Summary

Most of the individuals trepanned were males, as previously observes.twd most
common age ranges of trepanned individuals is “adult,” between 18¢0)der than 55 years.
The left parietal is the most commonly trepanned bone and the@mwtnic points and sutures
are the points on the cranium that are least commonly trepanneste iSha wide variety of
trepanation opening shapes ranging from common ovals to trapezoids anshbpas. The
most common shape in this total sample is the circle (41.4%), tHe(3Rf) follows close
behind. Over three-quarters of the sample show some sort ohesidé healing and thirty-
seven individuals have more than one trepanation opening. Only 79 cases rienimethod
used to trepan the individual and out of these the most common metwdps1g, which may
or may not be related to the most common shape of the trepanati@pin§ds most likely the
easiest method to open the skull without killing the patient. Othénaae include cutting,
drilling, sawing, grooving, and boring. There are patterns in the thdiligeographic samples
that will be summarized in the following chapter. See Tabléf@& comparison of trepanation

by time period throughout the world.
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Chapter 5-Discussion/Conclusions

In the Results Chapter, | reported a statistically significantrdiffee in male/female ratio
of the trepanned individuals. This indicated that males are more likely to be treplaane
females. This supports one hypothesis that trepanation is related to wgdiaadly a male
pursuit. On the other hand, it could simply mean that fewer females were found irl,genera
compared to the males discovered. That is, the authors of these reports do not menitoe the e
sample examined (including non-trepanned individuals). Therefore, if there are rogdbyrti
fewer females than males then this significant difference may no longer hoddheh possible
theory involves decreased bone density and soil acidity. The bone density of gemnaiedly
decreases over time, more than it does in males. This decreased bone debsitydcaith the
acidity of the soil in which these individuals are being buried in could hide the evidence of
trepanation through taphonomic processes. The female population generallyustipkt |
smaller than the male population, perhaps females are not living as long ssrealénother
possible reason is that women are dying due to other factors, not ones connected téareasons
trepanation, perhaps childbirth or injuries not associated with the cranium. The tabggbs
women might even be lower than the status of men and therefore it does not seem \gaxhwhi
spend the talents of healers or shaman on the needs of women. Though probably the most likely
reason for the statistical difference between males and femafesasteological
underrepresentation of females; if there are less females examinedhetteewaduld naturally be

less trepanned females examined.
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Eastern Europe shows a fairly regular decrease in ages-at-deaép&mied individuals.
The earliest trepanned individuals (dating to the Mesolithic) are older tharotbeecent
trepanned individuals (45 years to ~30 years) plummeting to 21.5 years duriffgfeantury
BCE. This could be related to life expectancy of the general population or perhapsithe olde
Mesolithic individuals are outliers in this group. The male majority remhasame throughout
time as does the percentage of individuals who show evidence of healing. In Hungarly, pa
Eastern Europe, there is a high percentage (71.4%) of males from"taad.@i" centuries that
show evidence of trepanation. All of these males are between the ages of 25 and &5, dfhe ag
men that would have been involved in warfare and violent activities. There is alsaphysic
evidence of violence on the bones: glabellar trauma, widespread injuries ancefaand
infection on the bone possibly from these injuries. In tiear@ 11" centuries in Hungary there
were raids on the Carpathian Basin that ended in 1091. Hungary did not endure foreign warfa
until the Mongol invasions of the $2entury (Engel et al. 2001: 37). These raids and wars were
most likely the causes of the injuries on these individuals that necessitgiaktion.

The ages-at-death of trepanned individuals in Western Europd alitfan a small age
range: 35-46, a range of eleven years. Since all the trepardieduals are about the same age
at their death then it is possible this is the typical raigges in which individuals become sick
and require medical intervention or perhaps a ritual is perfororedtane during this age-span.
However, the majority of these individuals show signs of healingatidg that they survived
the surgery and perhaps whatever caused the need for trepanation.

Scandinavia has a much wider range of ages-at-death, from 23tges0 years, a 22
year range. The time period with the youngest average agaii-i$ the Roman Iron Age a

period characterized by Roman exploration of the European continkatdistribution of sex in
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this region is heavily male, there is only one female out oivtide sample so it is probable that
these males were trepanned due to injuries and related infections.

The North Sea Area ages-at-death averages range from 21s4q&&r years old, a 33-
year range. The North Sea Area is also the largest eamfhis data collection, which is why
the averages are so spread out. Since the sample is lang&das sense that the reasons for
trepanation would be more varied; individuals in this group have been teghdon both
biological/pathological reasons as well as for injuries and mostem rituals and skull
modification purposes. In England, a skull dating to the Neolithic peviesl found with a
healing trepanation opening; the skull was blackened and charred. There is no rhahtidmet
individuals had been burned, nor was there mention of evidence of burnt floraighé& have
indicated an environmental disaster. Since there is no other egidéturning or charring of
other materials or skulls in the vicinity this could be a cultbeething. Cannibalism is not very
likely since the trepanation sites shows signs of healing whdibates the individual survived
the operation and that the purpose of trepanation was not to get at the brain.

The only biological clues to the purpose of trepanation in Canada ftomeOntario.
Arrow wounds to the cranium are possible causes for trepanationjaligpicone such case
where an arrow wound was found in one of the males in Ontario.ddflaelt hypothesis for
groups of crania that show no evidence of pathology or injuhaisthese were done for cultural
or ritual reasons. However, individuals with no evidence of pathologiddave succumbed
quickly to a disease that left no evidence on the bone. The Undess $ similar in that the
only pathology in this area is antemortem tooth loss, no evidendesoésses or vault lesions.
These vault lesions could indicate a disease, however, there is nonfoh@ation concerning

these lesions and therefore impossible to know if the lesions artdeffanation are related.
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The prevalence of female cases of trepanation in Mesoanse&lts® an important aspect
of this study. The sample from Mesoamerica is 54% femal@aamel of these females show any
evidence of injury or fracture, only arthritis, infection, and osteifThe females’ ages-at-death
are separated into younger ages ranging from 18 to 35, which coindidehiid-bearing years,
and older ages, 50 years and above. However, only five of the 21 femsake shows evidence
of healing. The low survival rate and lack of pathology in taige group of women could
signify that these women were the sickest and that trepanatisravast attempt to save their
life. More often than not the sickest individuals do not show ang&hetvidence of their ill-
health because they die too quickly for disease to travel to the bdhes is one possible
explanation for this situation in Mesoamerica. Another possibletisitues that these women
were important figures in religion or politics, perhaps priestesses aveslaf leaders. Many of
these women were buried without offerings, however, suggesting thHepgethey were not
royalty or wealthy members of society.

The sample in Peru is significant because it is the mostdyawith regards to location of
the trepanation. Trepanations in this sample are spread outHeonght and left frontal, the
right and left parietal, the left temporal, the occipital, lamlmlegma, the sagittal suture and the
coronal suture as well as unsided frontal and temporal bones. ateisorhave trepanations on
the temporal bone, most likely because they are the most ditiictéach through the scalp due
to the location of the ear as well as several muscles tla@habn the temporal bones. These
trepanations on the temporal bone could be due to the relatively tangesfrom Peru, though
the North Sea Area has double the cases and less location igrichidme of these cases come

from the time of Inca society and we can connect the trepantd the presumed thorough



54

medical knowledge the Inca had. However, the sample from Peyuirakides a list of
pathological skeletal features that could have necessitated trepanation.

In Africa there is evidence of individuals from the Roman period, Wawee linear
enamel hypoplasias indicating survival of some stressor. Thassetr could be related to
trepanation as the individuals who underwent trepanation were around 2 bfyage when they
died. In the Neolithic period individuals had deep gashes and otherl arquniees near and
around the trepanation which might have caused intracranial bleedipgemsdre, necessitating
trepanation on these individuals. The reason for trepanation on the mogendidi@uals from
Africa is well known as the individuals survived the surgery and cagdrt the incident that
required the trepanation. There is evidence of both disease andimfbeytrepanned skulls of
Asia showing a strong relationship between biological causes and trepanatisranea.

The sample from the Middle East is unique in that there arérépanned juveniles, one
8-9 years, the other 11-12, both showing evidence of disease, scuhgsi®itis respectively.
Why do other geographic areas not have more evidence of juveniladtiep? Is it that these
children get too sick too quickly or something else? In the catdee®-9 year old the scurvy
was quite advanced, the mandible having become completely edentulousngditatt perhaps
trepanation was a final resort for this child.

Australia has the smallest sample size: two cases total. Theeyaral £xplanations for
this: these two females were trepanned elsewhere and then traveled tbafafsénatheir
surgery, or trepanation was not a phenomenon in Australia as it was everylsbeoe gmply
the rest of Australia’s sample has yet to be published, discovered, or is hiddemn #veay |

basement of a museum, university, or hospital.
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To reiterate, the research questions this thesis addressed were:

Are more men than women are trepanned because men are morgolikelynvolved in
warfare as the literature suggests? In general, yes, moes thah females are trepanned, 70%
vs. 30% respectively, except in Mesoamerica where the majritlge sample is female. In
areas where the frequency of males trepanned is higher thaof flemales trepanned there is
also a higher frequency of injury among the males and a lowgqudncy of injury among
females, suggesting that males are also being trepanneduioesmjiue to possible warfare and
violence in addition to disease.

Is there any evidence to support cultural explanations or is tleisidual category used
for when skeletal remains show no evidence of pathology?: Lack oftakelMdence is
connected to the osteological paradox: the fact that the sickesidirals show no skeletal
evidence of their sickness so perhaps these cases that have bbsh“@daural’” are actual
biological cases in which the individual died before the disease ocoaifest on the skeleton.
Therefore, it is entirely possible that the cultural cated@my become a residual grouping for
individuals who show no pathological evidence of disease on their skeleton.

Is there any evidence to support the theory of diffusion, that treparmaiginated in one
or two centers and then diffused to other areas? There might leecsedence to this theory,
albeit it is difficult to prove, as there are two geographeasithat have the earliest evidence of
trepanation from the Mesolithic: Eastern and Western Europe. Simope has the earliest
evidence of trepanation from the Mesolithic era it is possiblegittaups of people retained this
knowledge, after all trepanation is practiced in the Neolithiovels as the Roman era in this
region, and exchanged this knowledge among other groups of peogdidtiodally, in areas

such as Africa and Asia there is evidence of trepanation in the Neolithicasher@ustralia and
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the New World the earliest evidence is around 2000 years ago ingitiaat trepanation as an
idea could have spread as trading and exploration involved pladasr favway from the initial
center.

And lastly, is there any cultural evidence to support subadult niagpa or only
biological evidence? The few juvenile cases of trepanatioraecerding to the authors (Mogle
and Zias 1995, Mallin and Rathburn 1976, and Mariani-Costantini et al. 2@dajed to
biological factors such as scurvy, tumors, and bony infection, ekmephe case that shows no
biological factors that would necessitate trepanation (MallinRattiburn 1976). However, this
is once again connected to the osteological paradox, as well. édbhilffen become sick quickly
and die quickly and so juveniles who are found with trepanations and no othagidal
evidence of disease on their skeleton might be classified asdastaf trepanation for cultural
reasons as there is no skeletal evidence of disease or trauma.

So what indeed is the purpose of trepanation? There is little dotatroa stating that
cultural reasons for trepanation. None offer cultural reasonsdpanation and even people
without skeletal pathologies possibly were trepanned for a diseasmubdthave been fatally ill
and died before the illness could manifest on the bone. Through dataiaolke only good
explanations for trepanation are mostly biological, though of cpurspanation itself is a
cultural practice.

Similar to most investigative reports there is information lagkparticularly the results
of forthcoming reports, archaeological sites that have yet extevated, and the biological and
demographic information attached to these sites. Future reseatbis topic should include a
study of trepanned skulls vs. the total amount of skulls studied byresearcher at each site, as

well as skeletal analyses of trepanned skulls that are irumss universities and libraries, and
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finally translations of reports in foreign languages that werevailadle to the author would

prove imperative to further study.
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Appendix A-Case Study Checklists

Checklist of Biological Variation

Source/lnvestigator

Geographic Location of Remains

Culture associated

Date of remains/archaeological context
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Age

Sex

Location of trepanation 1, 2.
3.

Size 1, 2. 3.

Shape 1. 2. 3.

Pathologies noted

Type of disease noted

Type of injury noted

Possible fractures associated with warfare

Evidence of dental disease

Evidence of developmental disorders

Evidence of nutritional disorders

Evidence of healing/bone regeneration at the trepanation site

Other

Checklist for Archaeological Context

Location of Excavation

Dating method and accuracy of date

Site disturbed or undisturbed

Associated Artifacts

Technology used during surgery
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Appendix B-List of Tables

Sex
Age Male Female
<18 12 12
18-25 13 5
26-30 14 14
31-35 22 3
36-40 25 7
41-45 21 6
46-50 16 2
51-55 5 1
56-60 4 2
61-65 3
65+ 8 8
Total 143 60

Table 1 - Comparative Table Examining Age vs. Sexdlints (Overall Table)
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Shape Male Female
Oval 50 14
Circle 40 18
Rectangle 11 1
Irregular 1

Triangular 3 0
Linear 1 2
Semicircle 1
V-shaped 1

Cup 1
Heart 1

Trapezoid 1

Hexagon 1

Saucer 2
urn 1

Table 2 - Sex vs. Shape

| Location/Age | <18 | 18-25] 26-30 31-35 36-40 41-45 4650 50f  Total




RP 1 2 4 3 4 5 1 3 23
LP? 10 4 6 2 1 6 29
LF3 1 3 4 8
RF 1 1 1 1 2 6
LT> 1 1 1 3
RT®

Occipital 4 3 7
Bregma 1 4 1 6
Lambda 1 1 2
SS 1 1 2 3 1 2 10
Coronal 1 1 1 3
Parietal 1 2 2 4 2 11
Frontal 1 1 4 1 1 1 1 1 11
Obelion 1 1 2
Metopic 1 1

Table 3 - Location vs. Age

Table 4a - Eastern Europe-Russia, Latvia, SiberidJkraine, Hungary, Czech Republic

! RP-Right Parietal

2 P-Left Parietal

3 LF-Left Frontal

* RF-Right Frontal

® LT-Left Temporal

® RT-Right Temporal
" SS-Sagittal Suture
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Eastern Europe

SEX
Time Period Avg Age Male Female Indeterminate Healing? Pathologies?
Mesolithic 45 5/6 83% 0/6 0% 1/6 16% N/R 1/6 16%
Neolithic 35 2/2 100% 0/2 0% 0/2 0% 1/2 50% 1/2 50%
Bronze Age 29 2/5 40% 2/5 40% 1/5 20% N/R 0/5 0%
Iron Age 3rd/2nd century BC 215 0/2 0% 1/2 50% 1/2 50% 1/2 50% 2/2 100%
Medieval (general) 30.75 2/2 100% 0/2 0% 0/2 0% 1/2 50% 1/2 50%
10th/11th century AD 44.6 15/21 71% 5/21 23% 1/21 4% 2/21 9% 10/21 47%
1298-1550 AD 55 1/1 100% 0/1 0% 0/1 0% 1/1 100% 0/1 0%

Table 4b — Eastern Europe-Russia, Latvia, Siberid Jkraine, Hungary, Czech Republic

Eastern Europe

SHAPE LOCATION

Time Period Oval? Circle? Other? Left? Right? Other?
Mesolithic 0/4 0% 4/4 100% 0/4 0% 5/6 83% 1/6 16% 0/6 0%
Neolithic 0/1 0% 1/1 100% 0/1 0% 0/2 0% 0/2 0% 2/2 100%
Bronze Age 1/3 33% 2/3 66% 0/3 0% 0/5 0% 0/5 0% 5/5 100%
Iron Age 3rd/2nd century BC 1/2 50% 1/2 50% 0/2 0% 0/1 0% 0/1 0% 1/1 100%
Medieval (general) N/R N/R N/R 1/2 50% 0/2 0% 1/2 50%
10th/11th century AD 12/20 60% 4/20 20% 4/20 20% 8/21 38% 6/21 28% 7/21 33%
1298-1550 AD 1/1 100% 0/1 0% 0/1 0% 0/1 0% 1/1 100% 0/1 0%

Western Europe
SEX



Time Period Avg Age
Mesolithic 35
Neolithic 46.25
Chalcolithic 40
Bronze Age 325
6th-4th century BC 35
La Tene Period (450 BC-1st century AD) 31.25
1st/2nd century AD 30
1753 36
No time period (Spain) 42.2

Male

1/1 100%
7/11 63%
2/2 100%
1/1 100%
2/2 100%
4/6 66%
2/3 33%
1/1 100%
3/18 37%

Female
0/1 0%
0/11 0%
0/2 0%
0/1 0%
0/2 0%
0/6 0%
0/3 0%
0/1 0%
2/8 25%

Table 5a - Western Europe-Spain, France, Portugaltdly, Austria, and Germany

Western Europe

SHAPE

Time Period Oval? Circle?
Mesolithic 0/10%  1/1100%
Neolithic 5/10 50% 4/10 40%
Chalcolithic 0/20%  0/20%
Bronze Age 1/1 100% 0/1 0%
6th-4th century BC 1/250% 0/2 0%
La Tene Period (450 BC-1st century AD) N/R N/R
1st/2nd century AD 0/20%  1/2 50%

1753N/R N/R
No time period (Spain) 5/8 62% 2/8 25%

Other?
0/1 0%
1/10 10%
2/2 100%
0/1 0%
1/2 50%
N/R

1/2 50%
N/R

1/8 12%

Left?

0/1 0%
5/13 38%
0/2 0%
0/1 0%
0/2 0%
0/2 0%
1/2 50%
1/1 100%
6/12 50%

Table 5b - Western Europe-Spain, France, Portugal taly, Austria, and Germany

Scandinavia

Indeterminate Healing?
0/1 0% 1/1 100%
4/11 36% 6/11 54%
0/2 0% 2/2 100%
0/1 0% 0/1 0%
0/2 0% 2/2 100%
2/6 33% 1/6 16%
1/3 33% 2/3 66%
0/1 0% 0/1 0%
3/8 37% 3/8 37%
LOCATION

Right? Other?
1/1100% 0/1 0%

4/1330% 4/13 30%
2/2100% 0/2 0%

1/1100% 0/1 0%

2/2100% 0/2 0%

0/2 0% 2/2 100%

0/2 0% 1/2 50%

0/1 0% 0/1 0%

4/1233% 2/12 16%

66

Pathologies?
0/1 0%

0/11 0%

0/2 0%

0/1 0%

0/2 0%

0/6 0%

2/3 66%

1/1 100%

3/8 37%



Time Period Avg Age Male Female
Neolithic 43.4 10/12 83% 1/12 8%
Bronze Age 45 2/3 66% 0/3 0%
405 BC 42.5 1/1 100% 0/1 0%
Roman Iron Age 28 1/2 50% 0/2 0%
Table 6a - Scandinavia-Denmark and Sweden
Scandinavia

SHAPE
Time Period Oval? Circle?
Neolithic 4/10 40% 5/10 50%
Bronze Age 3/3 100% 0/3 0%
405 BC N/R N/R
Roman Iron Age 1/2 50% 0/2 0%

Table 6b - Scandinavia-Denmark and Sweden

North Sea Area

SEX

Indeterminate Healing?
1/12 8% 8/12 66%
1/3 33% 2/3 66%
0/1 0% 1/1 100%
1/2 50% 0/2 0%

Other?

1/10 10% 7/12 58%

0/3 0% 2/4 50%

N/R 1/1 100%

1/2 50% 2/2 100%

Pathologies?

4/12 33%

0/3 0%

0/1 0%

1/2 50%

LOCATION

Right? Other?
1/12 8% 4/12 33%
0/4 0% 2/4 50%
0/1 0% 0/1 0%
0/2 0% 0/2 0%
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Time Period
Neolithic (E/M/L)
Bronze Age

Iron Age
Romano-British
5th-7th century CE (Anglo-Saxon)
Pre 1066

Medieval

9th century AD
13th/14th century AD
17th century AD

Avg Age
42.5
214

50
38.3
42.6

55

25

22
N/A
N/A

Table 7a - North Sea Area-Ireland and England

North Sea Area

Time Period
Neolithic (E/M/L)
Bronze Age

Iron Age
Romano-British
5th-7th century CE (Anglo-Saxon)
Pre 1066

Medieval

9th century AD
13th/14th century AD
17th century AD

Oval?
1/5 20%
1/5 20%
0/1 0%
2/3 66%

11/14 78%

0/2 0%
3/4 75%
0/1 0%
N/R

0/1 0%

Table 7b - North Sea Area-Ireland and England

Male

6/7 85%
5/9 55%
1/3 33%
3/3 100%
12/16 75%
0/1 0%
0/4 0%
1/1 100%
N/R

N/R

SHAPE
Circle?
3/5 60%
1/5 20%
1/1 100%
0/3 0%
3/14 21%
2/2 100%
1/4 25%
1/1 100%
N/R
1/1 100%

SEX

Female
0/7 0%
2/9 22%
0/3 0%
0/3 0%
2/16 12%
1/1 100%
0/4 0%
0/1 0%
N/R

N/R

Other?
1/5 20%
3/5 40%
0/1 0%
1/3 33%
0/14 0%
0/2 0%
0/4 0%
0/1 0%
N/R

0/1 0%

Indeterminate
1/7 14%
2/9 22%
2/3 66%
0/3 0%
2/16 12%
0/1 0%
4/4 100%
0/1 0%
N/R

N/R

Left?

2/5 40%
4/9 44%
0/4 0%
1/3 33%
6/15 40%
2/2 100%
4/6 66%
1/1 100%
N/R

0/1 0%

68

Healing? Pathologies?

1/7 14% 2/7 28%

0/9 0% 2/9 22%

N/R 0/3 0%

N/R 3/3 100%

2/16 12% 3/16 18%

N/R 1/1 100%

1/4 25% 3/4 75%

1/1 100% 0/1 0%

1/1 100% 0/1 0%

N/R 0/1 0%

LOCATION

Right? Other?
2/5 40% 1/5 20%
1/9 11% 4/9 44%
0/4 0% 4/4 100%
1/3 33% 1/3 33%
4/15 26% 5/15 33%
0/2 0% 0/2 0%
2/6 33% 0/6 0%
0/1 0% 0/1 0%
N/R N/R
0/1 0% 1/1 100%



Canada
British Columbia

Time Period
Pre-Columbian
Post-Columbian

Ontario

Time Period
Post-Columbian (~1600 AD)

Avg Age
38.8
35

Avg Age
33.3

Table 8a - Canada-Ontario and British Columbia

Canada
British Columbia

Time Period
Pre-Columbian
Post-Columbian

Ontario

Time Period
Post-Columbian (~1600 AD)

Oval?
2/6 33%

N/R

Oval?
2/3 66%

Table 8b - Canada-Ontario and British Columbia

SEX
Male Female
5/9 55% 3/9 33%
1/1 100% 0/1 0%

SEX
Male Female
3/3 100% 0/3 0%

SHAPE
Circle? Other?
4/6 66% 0/6 0%
N/R N/R

SHAPE
Circle?
1/3 33%

Other?
0/3 0%

Indeterminate
1/9 11%
0/1 0%

Indeterminate
0/3 0%

Left?
3/13 23%
1/1 100%

Left?
0/4 0%

Healing? Pathologies?
8/9 88% 0/9 0%
1/1 100% 0/1 0%
Healing? Pathologies?
3/4 75% 2/3 66%
LOCATION
Right? Other?
2/13 15% 8/13 61%
0/1 0% 0/1 0%
LOCATION
Right? Other?
2/4 50% 2/4 50%
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United States
Eastern United States

Time Period
Woodland Period
Pre-Columbian
Central US
Time Period
Pre-Columbian

Western US

Time Period
Pre-Columbian

Avg Age
22.5
27.5

Avg Age
35

Avg Age
36.6

Male
1/1 100%
2/4 50%

Male
1/1 100%

Male
3/11 27%

Table 9a - United States-Eastern, Central, and Weste

SEX
Female Indeterminate
0/1 0% 0/1 0%
2/4 50% 0/4 0%

SEX
Female Indeterminate
0/1 0% 0/1 0%

SEX
Female Indeterminate
2/11 18% 6/11 54%

Healing?
N/R
4/4 100%

Healing?
1/1 100%

Healing?
5/11 45%

Pathologies?
0/1 0%
0/4 0%

Pathologies?
1/1 100%

Pathologies?
3/11 27%
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United States
Eastern United States

Time Period
Woodland Period
Pre-Columbian

Central US

Time Period
Pre-Columbian

Western US

Time Period
Pre-Columbian

Table 9b - United States-Eastern, Central, and Weste

Oval?
1/1 100%
1/6 16%

Oval?
0/1 0%

Oval?
217 28%

SHAPE
Circle?
0/1 0%
4/6 66%

SHAPE
Circle?
1/1 100%

SHAPE
Circle?
3/7 42%

Other?
0/1 0%
1/6 16%

Other?
0/1 0%

Other?
217 28%

Left?
N/R
2/11 18%

Left?
2/2 100%

Left?
6/8 75%

LOCATION
Right?
N/R
9/11 82%

LOCATION
Right?
0/2 0%

LOCATION
Right?
0/8 0%

Other?
N/R
0/11 0%

Other?
0/2 0%

Other?
2/8 25%
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Mesoamerica

Time Period

Pre-Classic (400 BC-200 AD)
Early Classic (200-500 AD)

Mid Classic (500-750 AD)

Late Classic (750-900 AD)

Early Post-Classic (900-1000 AD)
Pre-Columbian

Table 10a - Mesoamerica-Mexico and Belize

Mesoamerica

Time Period

Pre-Classic (400 BC-200 AD)
Early Classic (200-500 AD)

Mid Classic (500-750 AD)

Late Classic (750-900 AD)

Early Post-Classic (900-1000 AD)
Pre-Columbian

Table 10b - Mesoamerica-Mexico and Belize

SEX
Avg Age Male Female Indeterminate

27 0/4 0% 4/4 100% 0/4 0%

30 1/3 33% 2/3 66% 0/3 0%
28.7 5/11 45% 6/11 54% 0/11 0%
28.4  2/6 33% 4/6 66% 0/6 0%
32.3  1/4 25% 3/4 75% 0/4 0%

55 0/2 0% 2/2 100% 0/2 0%

SHAPE

Oval? Circle? Other? Left?
4/6 66% 2/6 33% 0/6 0% 4/5 80%
0/1 0% 1/1 100% 0/1 0% 2/4 50%
3/6 50% 3/6 50% 0/6 0% 4/15 26%
1/7 14% 5/7 71% 1/7 14% 1/7 14%
2/3 66% 1/3 33% 0/3 0% 3/6 50%
1/2 50% 1/2 50% 0/2 0% 0/2 0%

Healing?
N/R

N/R

3/11 27%
0/6 0%
1/4 25%
2/2 100%

Pathologies?
0/4 0%

3/4 75%

6/11 54%

3/6 50%

2/4 50%

0/2 0%

LOCATION

Right?
1/5 20%
0/4 0%
6/15 40%
3/7 42%
2/6 33%
2/2 100%

Other?
0/5 0%
2/4 50%
5/15 33%
3/7 42%
1/6 16%
0/2 0%
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South America

Time Period Avg Age
2000-1200 BCE N/R
140 +/- 60 BCE 30
900-1000 CE 45
19th/20th century CE N/R

Table 11a - South America-Peru and Bolivia

South America

Time Period Oval?
2000-1200 BCE 0/2 0%
140 +/- 60 BCE 0/1 0%
900-1000 CE 0/4 0%
19th/20th century CE 1/1 100%

Table 11b — South America-Peru and Bolivia

SEX

Male Female Indeterminate

0/3 0% 0/3 0% 3/3 100%

1/1 100% 0/1 0% 0/1 0%

3/4 75% 0/4 0% 1/4 25%

0/1 0% 1/1 100% 0/1 0%

SHAPE

Circle? Other? Left?
0/2 0% 2/2 100% 2/3 66%
1/1 100% 0/1 0% 0/1 0%
4/4 100% 0/4 0% 2/4 50%
0/1 0% 0/1 0% 0/1 0%

Healing? Pathologies?

2/3 66% 1/3 33%

N/R 0/1 0%

1/4 25% 3/4 75%

N/R 1/1 100%

LOCATION

Right? Other?
1/3 33% 0/3 0%
0/1 0% 1/1 100%
0/4 0% 2/4 50%
0/1 0% 1/1 100%
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Africa

Time Period Avg Age
Neolithic N/R
Roman/1st century CE 21

Table 12a - Africa-Egypt, South Africa, Guinea

Africa

Time Period Oval?
Neolithic 0/6 0%
Roman/1st century CE 0/2 0%

Table 12b — Africa-Egypt, South Africa, Guinea

SEX
Male Female Indeterminate
2/6 33% 4/6 66% 0/6 0%
0/2 0% 2/2 100% 0/2 0%
SHAPE
Circle? Other? Left?
4/6 66% 2/6 33% 1/6 16%
2/2 100% 0/2 0% 0/2 0%

Healing? Pathologies?
3/6 50% 5/6 83%
N/R 2/2 100%

LOCATION
Right?
3/6 50%
2/2 100%

Other?
2/6 33%
0/2 0%
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Middle East

Time Period Avg Age
4th millennium BCE (Bronze Age) 40
Bronze Age 28.25
Iron Age Il 1100-800 BCE 115
1st century CE 40

Table 13a - Middle East-Iran, Jordan, Jericho
Middle East

Time Period

4th millennium BCE (Bronze Age)
Bronze Age

Iron Age Il 1100-800 BCE

1st century CE

Table 13b - Middle East-Iran, Jordan, Jericho

Australia
Time Period Avg Age
200-300 YA N/R

Table 14a — Australia

Male

1/1 100%
2/6 33%
0/1 0%
2/3 66%

Oval?
1/1 100%
1/6 16%
1/1 100%
2/3 66%

Male
0/2 0%

SEX
Female Indeterminate
0/1 0% 0/1 0%
1/6 16% 3/6 50%
0/1 0% 1/1 100%
1/3 33% 0/3 0%
SHAPE

Circle? Other?

0/1 0% 0/1 0%

5/6 83% 0/6 0%

0/1 0% 0/1 0%

0/3 0% 1/3 33%

SEX

Female Indeterminate
2/2 100% 0/2 0%

Left?
0/1 0%

1/6 16%

0/1 0%

Healing? Pathologies?
1/1 100% 1/1 100%

1/6 16% 6/6 100%

1/1 100% 1/1 100%

2/3 66% 1/3 33%

LOCATION

Right?

Other?

1/1 100% 0/1 0%

3/6 50% 2/6 33%

1/1 100% 0/1 0%
3/3 100% 0/3 0%

Healing?
2/2 100%

0/3 0%

Pathologies?
2/2 100%
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Australia

SHAPE LOCATION
Time Period Oval? Circle? Other? Left? Right? Other?
200-300 YA 1/2 50% 0/2 0% 1/2 50% 0/2 0% 1/2 50% 1/2 50%
Table 14b — Australia
Asia
SEX
Time Period Avg Age Male Female Indeterminate Healing? Pathologies?
Late Bronze/Early Iron 5th-3rd century BC 35 4/4100%  0/4 0% 0/4 0% 1/4 25% 1/4 25%
Historic 35 5/7 71% 1/7 14% 1/7 14% 2/7 28% 3/7 42%
Table 15a - Asia and the Pacific Islands (Oceania)
Asia
SHAPE LOCATION
Time Period Oval? Circle? Other? Left? Right?  Other?
Late Bronze/Early Iron 5th-3rd century BC 1/10 10% 5/10 50% 4/10 40% 5/10 50% 1/10 10% 4/10 40%
Historic 0/70% 3/742.8% 4/757% 1/333% 1/333% 1/333%

Table 15b — Asia and the Pacific Islands (Oceania)



Overall Table

Geographic Area
Australia N/R
Middle East

Africa

Asia

Scandinavia

British Columbia

Ontario

North Sea Area

Eastern Europe

Mesoamerica

Eastern United States

Central United States

Western United States

South America

Western Europe

Table 16a - Trepanation by Geographic Area

Avg Age

Male
0/2 0%
29.95/11 45%
212/8 25%
359/11 81%
39.714/18 77%
36.96/10 60%
33.33/3 100%
37.128/44 63%
37.227/39 69%
33.59/30 30%
253/5 60%
351/1 100%
36.63/11 27%
37.54/9 44%
36.423/35 66%

SEX

Female
2/2 100%
2/11 18%
6/8 75&
1/11 9%
1/18 5%
3/10 30%
0/3 0%
5/44 11%
8/39 20%
21/30 70%
2/5 40%
0/1 0%
2/11 18%
1/9 11%
2/35 6%

Indeterminate
0/2 0%
4/11 36%
0/8 0%
1/11 81%
3/18 16%
1/10 10%
0/3 0%
11/44 25%
4/39 10%
0/30 0%
0/5 0%

0/1 0%
6/11 54%
4/9 44%
10/35 29%

Healing?
2/2 100%
5/11 45%
3/6 50%
3/11 27%
11/18 61%
9/10 90%
3/4 75%
6/38 15%
6/28 21%
6/23 26%
4/4 100%
1/1 100%
5/11 45%
3/7 43%
17/35 49%
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Pathologies?
2/2 100%
9/11 81%
7/8 87%
4/11 36%
5/18 27%
0/10 0%
2/3 66%
7/23 30.4%
15/39 38%
14/31 45%
0/5 0%

1/1 100%
3/11 27%
5/9 55%
6/35 17%



Overall Table

Geographic Area
Australia

Middle East
Africa

Asia
Scandinavia
British Columbia
Ontario

North Sea Area
Eastern Europe
Mesoamerica

Eastern United States
Central United States
Western United States

South America
Western Europe

Oval?

1/2 50%
5/11 45%
0/8 0%
1/17 5.8%
8/15 53%
2/6 33%
2/3 66%
18/36 50%
15/31 48%
11/25 44%
2/7 29%
0/1 0%

217 28%
1/8 12.5%
12/26 46%

Table 16b - Trepanation by Geographic Area

SHAPE
Circle?
0/2 0%
5/11 45%
6/8 75%
8/17 47%
5/15 33%
4/6 66%
1/3 33%
13/36 36%
12/31 38%
13/25 52%
4/7 57%
1/1 100%
3/7 42%
5/8 63%
8/26 31%

Other?
1/2 50%
1/11 9%
2/8 25%
8/17 47%
2/15 13%
0/6 0%
0/3 0%
5/36 13%
4/31 13%
1/25 4%
1/7 14%
0/1 0%
217 28%
2/8 25%
6/26 23%

Left?

0/2 0%
4/11 36%
1/8 12.5%
6/13 46%
12/19 63%
4/14 28.5%
0/4 0%
20/46 43%
14/38 36%
14/39 36%
2/11 18%
2/2 100%
6/8 75%
4/9 44%
13/36 36%

LOCATION

Right?

1/2 50%
5/11 45%
5/8 62.5%
2/13 15%
1/19 5%
2/14 14%
2/4 50%
10/46 21%
8/38 21%
14/39 36%
9/11 82%
0/2 0%

0/8 0%
1/911%
14/36 38%

Other?
1/2 50%
2/11 18%
2/8 25%
5/13 38%
6/19 31.5%
8/14 57%
2/4 50%
16/36 34%
16/38 42%
11/39 28%
0/11 0%
0/2 0%

2/8 25%
4/9 44%
9/36 25%
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