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ABSTRACT	

Palaeo-oncology	 refers	 to	 the	 study	 of	 cancer	 and	 other	 forms	 of	 neoplastic	 disease	 in	

historical	and	archaeological	contexts	using	bioarchaeological	data	and	methodology.	In	this	 line	of	

academic	enquiry	there	is	debate	regarding	the	antiquity	and	prevalence	of	neoplasms,	which	has	been	

bolstered	 by	 a	 limited	 number	 of	 palaeoepidemiological	 studies	 into	 neoplastic	 disease.	 These	

investigations	 into	 neoplastic	 prevalence	 have	 been	 infrequent	 and	 performed	 with	 limited	

effectiveness.	Moreover,	these	studies	remain	independent	entities	of	scholarship,	differing	in	their	

methods	and	analyses.	

This	thesis	will	reconsider	palaeoepidemiological	investigations	into	neoplastic	disease	and	

attempt	 to	bring	 these	 lines	 of	enquiry	 together.	This	will	 first	 be	 accomplished	with	a	 systematic	

review	 of	 bioarchaeological	 research	 in	 palaeo-oncology.	 The	 systematic	 review	will	 be	 a	 double-

pronged	 endeavour	 that	 will	 fill	 a	 gap	 in	 the	 bioarchaeological	 literature	 by	 examining	 how	

palaeopathology	 has	 approached	 neoplastic	 research	 and	 by	 filtering	 out	 and	 scrutinising	 past	

palaeoepidemiological	studies.	This	will	then	lead	to	a	palaeoepidemiological	investigation,	conducted	

in	 reference	 to	 medieval	 Poland	 and	 will	 be	 aimed	 at	 exemplifying	 and	 incorporating	 a	 more	

standardized	palaeoepidemiological	methodology	into	palaeo-oncology.	

The	systematic	review	revealed	palaeo-oncological	scholarship	is	dominated	by	case	reports	

and	 identified	 only	 10	 enquiries	 into	 neoplastic	 prevalence	 since	 1970.	 These	 previous	

palaeoepidemiological	studies	did	not	use	proper	methodology	to	interpret	their	results	and,	as	they	

did	not	provide	enough	detail	regarding	the	assemblage’s	demographic	profile,	these	studies	preclude	

themselves	 from	 any	 in-depth	 comparison.	 The	 methodology	 used	 in	 the	 palaeoepidemiological	

investigation	proved	effective	when	comparing	neoplastic	prevalence	in	regard	to	urban	versus	rural	

medieval	 Polish	 assemblages.	 These	methods	will	 form	 the	 basis	 of	 proposed	protocols	 for	 future	

palaeo-oncological	research	regarding	palaeoepidemiological	investigations	and	offer	suggestions	for	

future	research	venues	into	neoplastic	disease.
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IMPACT	STATEMENT	

Cancer	and	other	forms	of	neoplastic	disease	are	a	seemingly	ever-present	entity	in	modern	

societies	and	over	the	past	century	clinical	understanding	of	these	disease	processes	has	advanced	at	

a	rapid	pace.	Consequently,	the	familiarity	of	cancer	has	permeated	modern	societal	understanding	to	

such	an	extent,	a	common	rhetoric	has	developed:	everyone	has	lost	someone	to	cancer	and,	if	not,	they	

soon	will.	This	is	coupled	with	the	notion	that	malignant	neoplasms	are	a	modern	malady	and	a	by-

product	of	industrialized	civilization.	However,	despite	the	attention	afforded	cancer	by	both	academic	

and	non-academic	spheres,	it	is	not	often	realized	that	tumours	are	not	a	modern	affliction	in	any	way.	

This	project	has	implications	within	and	outside	of	academia	in	regard	to	our	understanding	of	cancer	

and	other	forms	of	neoplastic	disease	as	both	a	medical	and	historical	entity.	This	thesis	merges	clinical,	

historical	 and	 archaeological	 data	 to	 generate	 a	 reconsideration	 of	 neoplastic	 disease	 in	

bioarchaeological	scholarship.	Moreover,	it	adds	to	the	discussion	of	how	humanity	has	experienced	

and	interplayed	with	neoplastic	disease	for	millennia,	 firmly	contradicting	modern	societal	 ideas	of	

neoplasms	as	a	purely	modern	disease.	The	methods	outlined	and	used	 in	 this	 research	project,	 if	

utilized	in	the	future,	will	 lead	to	more	nuanced	findings	and	a	deeper	understanding	of	neoplastic	

disease	processes	in	the	past.	This	will	help	to	better	understand	neoplastic	aetiology	and	prevalence	

today.	Finally,	the	research	and	methods	used	in	this	project	can	also	be	applied	to	future	investigations	

of	other	forms	of	pathology	in	the	past,	including	non-communicable	diseases	that	are	also	mistakenly	

considered	as	‘modern’.	

	



	6	

	

	 	



	 7	

TABLE	OF	CONTENTS	

DECLARATION	...........................................................................................................	1 

ABSTRACT	.................................................................................................................	3 

IMPACT	STATEMENT	................................................................................................	5 

TABLE	OF	CONTENTS	................................................................................................	7 

LIST	OF	FIGURES	.....................................................................................................	11 

LIST	OF	TABLES	......................................................................................................	13 

ACKNOWLEDGEMENTS	...........................................................................................	15 

CHAPTER	1	INTRODUCTION	...............................................................................	17 

1.1	NEOPLASTIC	DISEASE	IN	THE	MODERN	AGE	....................................................................................	17 

1.2	THE	QUESTION	OF	NEOPLASTIC	DISEASE	IN	BIOARCHAEOLOGY	..................................................	17 

1.3	THESIS	AIMS	AND	QUESTIONS	............................................................................................................	19 

1.4	THESIS	ORGANIZATION	........................................................................................................................	20 

CHAPTER	2	AN	OVERVIEW	OF	MODERN	ONCOLOGY	.......................................	21 

2.1	AN	INTRODUCTION	TO	NEOPLASMS	AND	ONCOLOGY	.....................................................................	21 

2.2	AETIOLOGY	OF	NEOPLASTIC	DISEASE	................................................................................................	28 

2.3	NEOPLASTIC	FORMATION	....................................................................................................................	38 

2.4	PRIMARY	BONE	TUMOURS	...................................................................................................................	39 

2.5	EPIDEMIOLOGY	OF	NEOPLASTIC	DISEASE	.........................................................................................	48 

2.6	CONCLUSION	...........................................................................................................................................	57 



	8	

CHAPTER	3	HISTORICAL	EVIDENCE	FOR	NEOPLASTIC	DISEASE	.....................	81 

3.1	A	DISEASE	IN	HISTORIC	FLUX.............................................................................................................	81 

3.2	NEOPLASTIC	DISEASE	IN	ANTIQUITY	................................................................................................	82 

3.3	NEOPLASTIC	DISEASE	FROM	THE	MIDDLE	AGES	TO	THE	EARLY	MODERN	ERA	.......................	94 

3.4	NEOPLASTIC	DISEASE	IN	THE	MODERN	ERA	................................................................................	102 

3.5	PLACING	NEOPLASTIC	DISEASE	IN	AN	HISTORICAL	CONTEXT...................................................	104 

CHAPTER	4	NEOPLASTIC	DISEASE	AND	BIOARCHAEOLOGY	.........................	107 

4.1	BIOARCHAEOLOGY	AND	PALAEOPATHOLOGY	...............................................................................	107 

4.2	NEOPLASTIC	DISEASE	IN	BIOARCHAEOLOGICAL	RESEARCH	......................................................	107 

4.3	BIOARCHAEOLOGICAL	EVIDENCE	FOR	NEOPLASMS	.....................................................................	115 

4.4	ARGUMENTS	FOR	THE	SCARCITY	OF	NEOPLASTIC	DISEASE	IN	THE	PAST	................................	123 

4.5	CONCLUSION	.......................................................................................................................................	125 

CHAPTER	5	A	SYSTEMATIC	REVIEW	OF	NEOPLASTIC	DISEASE	IN	

BIOARCHAEOLOGY	AND	PALAEOEPIDEMIOLOGY	...............................................	151 

5.1	INTRODUCTION	...................................................................................................................................	151 

5.2	SEARCH	CRITERIA	AND	DATABASE	CREATION	.............................................................................	152 

5.3	RESULTS...............................................................................................................................................	154 

5.4	PALAEO-ONCOLOGY	AND	PALAEOEPIDEMIOLOGY	.......................................................................	169 

5.5	CONCLUSION	.......................................................................................................................................	174 

CHAPTER	6	A	PALAEOEPIDEMIOLOGICAL	INVESTIGATION	WITH	REFERENCE	

TO	MEDIEVAL	POLAND	.......................................................................................	177 

6.1	PURPOSE	AND	AIMS	...........................................................................................................................	177 



	 9	

6.2	MEDIEVAL	POLAND	IN	HISTORICAL	CONTEXT	..............................................................................	178 

6.3	THE	POLISH	OSTEOLOGICAL	COLLECTION	.....................................................................................	181 

6.4	METHODS	.............................................................................................................................................	191 

6.5	RESULTS	...............................................................................................................................................	202 

6.6	CONCLUSION	........................................................................................................................................	221 

CHAPTER	7	A	DISCUSSION	ON	NEOPLASTIC	PALAEOEPIDEMIOLOGY	..........	223 

7.1	INTRODUCTION	...................................................................................................................................	223 

7.2	INVESTIGATING	NEOPLASM	PREVALENCE	IN	URBAN	AND	RURAL	MEDIEVAL	POLAND	.......	223 

7.3	RECONSIDERING	THE	ARGUMENTS	FOR	TUMOUR	RARITY	IN	BIOARCHAEOLOGY	..................	232 

CHAPTER	8	CONCLUSION	................................................................................	251 

8.1	PURPOSE	OF	RESEARCH	AND	THESIS	FINDINGS	...........................................................................	251 

8.2	FUTURE	RESEARCH	IN	PALAEOEPIDEMIOLOGY	AND	PALAEO-ONCOLOGY	..............................	255 

REFERENCES	.........................................................................................................	257 

APPENDIX	.............................................................................................................	279 

APPENDIX	A1	NEOPLASTIC	RECORDING	FORMS	.................................................................................	280 

APPENDIX	A2	POLISH	ACADEMY	OF	SCIENCES	OSTEOMA	CATALOGUE	A	......................................	286 

APPENDIX	A3	POLISH	ACADEMY	OF	SCIENCES	OSTEOMA	CATALOGUE	B	......................................	289 

APPENDIX	A4	POLISH	ACADEMY	OF	SCIENCES	RADIOGRAPH	CATALOGUE	....................................	305 

APPENDIX	A5	POLISH	ACADEMY	OF	SCIENCES	ASSEMBLAGE	DATA	...............................................	308 



	10	

	 	



	 11	

LIST	OF	FIGURES	

Figure	2.1	Metastatic	osteolytic	lesions	on	the	cranium	.......................................................................................	59 
Figure	2.2	Metastatic	osteolytic	lesions	on	the	parietal	........................................................................................	59 
Figure	2.3	Metastatic	osteoblastic	lesion	on	a	rib	...................................................................................................	60 
Figure	2.4	Metastatic	osteoblastic	lesions	on	the	os	coxae	...................................................................................	60 
Figure	2.5	Radiograph	of	an	os	coxae	with	extensive	osteoblastic	metastases	.............................................	61 
Figure	2.6	Metastatic	osteolytic	and	osteoblastic	lesions	of	the	ossa	coxae	...................................................	61 
Figure	2.7	A	cluster	of	osteomata	on	the	cranial	vault	..........................................................................................	62 
Figure	2.8	A	large	osteoma	on	the	left	parietal	........................................................................................................	62 
Figure	2.9	Lateral	view	of	a	cranial	osteoma	............................................................................................................	63 
Figure	2.10	A	radiograph	of	a	large	osteoma	on	the	parietal	..............................................................................	63 
Figure	2.11	An	enostosis	in	the	femoral	neck	...........................................................................................................	64 
Figure	2.12	An	osteoid	osteoma	in	macroscopic	and	radiographic	view	........................................................	65 
Figure	2.13	An	osteoid	osteoma	on	radiograph	.......................................................................................................	66 
Figure	2.14	An	osteoblastoma	in	the	proximal	humerus	......................................................................................	67 
Figure	2.15	A	small	osteochondroma	from	the	tibial	metaphysis	.....................................................................	68 
Figure	2.16	A	radiograph	of	a	femoral	osteochondroma	......................................................................................	68 
Figure	2.17	A	radiograph	of	an	enchondroma	in	a	first	metatarsal	..................................................................	69 
Figure	2.18	A	chondroblastoma	in	the	tibial	epiphysis	.........................................................................................	70 
Figure	2.19	A	radiograph	of	a	bone	cyst	.....................................................................................................................	71 
Figure	2.20	Giant	cell	tumour	of	the	distal	femur	...................................................................................................	72 
Figure	2.21	An	example	of	the	extreme	porotic	hyperostosis	caused	by	a	meningioma	...........................	73 
Figure	2.22	Radiographs	of	vertebrae	displaying	the	'corduroy'	pattern	.......................................................	73 
Figure	2.23	A	non-ossifying	fibroma	in	the	distal	tibia	.........................................................................................	74 
Figure	2.24	A	bioarchaeological	example	of	a	teratoma	.......................................................................................	74 
Figure	2.25	An	osteosarcoma	in	the	right	humerus	...............................................................................................	75 
Figure	2.26	Radiograph	of	an	osteosarcoma	displaying	the	characteristic	‘sunburst’	appearance	.......	76 
Figure	2.27	A	chondrosarcoma	of	the	distal	right	femur	......................................................................................	76 
Figure	2.28	A	fibrosarcoma	in	the	distal	femur	.......................................................................................................	77 
Figure	2.29	Multiple	myeloma	in	the	cranium.	........................................................................................................	78 
Figure	2.30	Multiple	myeloma	in	the	post-cranial	skeleton	................................................................................	79 
Figure	2.31	Skeletal	lesions	differentially	diagnosed	with	acute	leukaemia	.................................................	80 
Figure	3.1	An	Egyptian	hieroglyph	to	designate	‘tumour’	....................................................................................	82 
Figure	3.2	A	figurine	with	possible	facial	tumour	...................................................................................................	90 
Figure	3.3	A	coin	featuring	Phraates	............................................................................................................................	91 
Figure	3.4	A	coin	featuring	Orodes	II	...........................................................................................................................	91 
Figure	3.5	A	depiction	of	Nan-ji-xian-weng	with	his	characteristicly	large	forehead	.................................	92 
Figure	3.6	A	limestone	bust	featuring	a	bunch	of	grapes......................................................................................	93 
Figure	3.7	La	Notte	by	Michelangelo	............................................................................................................................	97 
Figure	3.8	La	Fornarina	by	Raphael	.............................................................................................................................	98 
Figure	3.9	The	Three	Graces	by	Rubens	......................................................................................................................	99 
Figure	3.10	Bathsheba	at	Her	Bath	by	Rembrandt	...............................................................................................	100 
Figure	3.11	The	complete	or	radical	mastectomy	................................................................................................	103 
Figure	4.1	A	cranium	with	lesions,	indicative	of	a	possible	metastasis	........................................................	109 
Figure	5.1	The	types	of	neoplastic	disease	reported	in	palaeopathological	case	reports	......................	156 
Figure	5.2	The	types	of	malignant	tumours	reported	in	the	palaeopathological	case	reports	.............	157 
Figure	5.3	The	types	of	benign	tumours	reported	in	the	palaeopathological	case	reports....................	157 
Figure	5.4	The	global	distribution	of	reported	bioarchaeological	neoplasms	............................................	158 
Figure	5.5	The	reported	crude	prevalence	for	the	identified	palaeoepidemiological	studies.	.............	168 
Figure	6.1	Slavic	tribal	distributions	in	the	early	10th	century.	.......................................................................	179 
Figure	6.2	Poland	at	the	end	of	the	12th	century	...................................................................................................	179 
Figure	6.3	A	timeline	of	Medieval	Polish	history	..................................................................................................	180 
Figure	6.4	The	osteological	collection	at	the	Polish	Academy	of	Science	in	Wrocław,	Poland	.............	181 
Figure	6.5	The	location	of	the	Polish	archaeological	sites	.................................................................................	183 
Figure	6.6	The	skeletal	elements	as	dictated	by	the	inclusion	criteria	.........................................................	189 
Figure	6.7	An	overview	of	various	primary	bone	tumours	and	their	predilection	sites	.........................	190 
Figure	6.8	A	summary	of	radiographic	patterns	for	neoplastic	conditions	.................................................	194 



	12	

Figure	6.9	The	cranium	of	M76	...................................................................................................................................	204 
Figure	6.10	The	cranium	of	P14..................................................................................................................................	204 
Figure	6.11	The	cranium	of	S44	..................................................................................................................................	205 
Figure	6.12	The	cranium	of	WE91	.............................................................................................................................	205 
Figure	6.13	A	radiograph	of	the	cranium	of	M367	...............................................................................................	206 
Figure	6.14	The	cranium	of	M167	..............................................................................................................................	207 
Figure	6.15	The	right	femur	of	M81	..........................................................................................................................	208 
Figure	6.16	The	cranium	of	M212	..............................................................................................................................	209 
Figure	6.17	The	cranium	of	P5	....................................................................................................................................	211 
Figure	6.18	The	ossa	coxae	of	P5	................................................................................................................................	211 
Figure	6.19	A	radiograph	of	M212	.............................................................................................................................	212 
Figure	6.20	A	radiograph	of	the	ossa	coxae	of	P5	..................................................................................................	212 
Figure	7.1	Trade	routes	in	Poland	between	the	10–14th	century	....................................................................	230 
Figure	7.2	The	circular	argument	reasoning	neoplastic	rarity	in	bioarchaeology	....................................	233 
Figure	7.3	Gross	specimens	of	osteosarcoma	and	chondrosarcoma	of	the	femur,	before	and	after	
maceration.	........................................................................................................................................................................	240 
Figure	7.4	An	example	of	pathological	and	taphonomic	alteration	in	bone	................................................	241 
Figure	7.5	Principal	medieval	mining	and	metal	working	sites	in	Europe	in	the	13th	century	.............	244 
Figure	7.6	A	comparison	of	the	radiation	levels	in	Poland.	...............................................................................	247 
	

	



	 13	

LIST	OF	TABLES	

Table	2.1	Glossary	of	associated	terms	.......................................................................................................................	22 
Table	2.2	The	spectrum	of	osteolytic	and	osteoblastic	activity	in	relation	to	various	forms	of	
neoplastic	malignancy	......................................................................................................................................................	26 
Table	2.3	The	malignancies	associated	with	damaged	or	mutated	genes.......................................................	30 
Table	2.4	The	carcinogen	classification	system	.......................................................................................................	32 
Table	2.5	A	selection	of	various	putative	carcinogens	...........................................................................................	33 
Table	2.6	A	summary	of	known	carcinogenic	bacteria,	viruses	and	parasites	..............................................	36 
Table	2.7	An	overview	of	benign	skeletal	tumours	.................................................................................................	44 
Table	2.8	An	overview	of	malignant	tumours	...........................................................................................................	47 
Table	2.9	Sex	differences	in	cancer	incidence...........................................................................................................	54 
Table	2.10	Number	of	cancer	cases	worldwide	.......................................................................................................	57 
Table	3.1	The	four	humours	and	their	corresponding	areas	...............................................................................	85 
Table	4.1	Identified	soft-tissue	neoplasms	in	mummified	remains	...............................................................	117 
Table	4.2	Reported	bioarchaeological	cases	of	neoplastic	disease	since	1970.	.........................................	149 
Table	5.1	The	neoplastic	palaeoepidemiological	studies	identified	in	the	systematic	review..............	162 
Table	6.1	The	three	assemblages	selected	for	palaeoepidemiological	comparison	.................................	182 
Table	6.2	The	cemetery	assemblages	from	the	Polish	Academy	of	Sciences	..............................................	187 
Table	6.3	Diagnostic	operational	definitions	for	a	variety	of	benign	and	malignant	tumours..............	197 
Table	6.4	An	example	of	a	2x2	contingency	table	used	to	calculate	an	odds	ratio.	...................................	200 
Table	6.5	Guidelines	for	the	interpretation	of	the	values	of	odds	ratios	......................................................	201 
Table	6.6	The	cranial	positions	of	the	osteomata	from	the	Polish	Academy	of	Sciences.	.......................	203 
Table	6.7	The	distribution	of	osteomata	size	from	the	Polish	Academy	of	Sciences.	...............................	203 
Table	6.8	The	distribution	patterns	of	osteomata	from	the	Polish	Academy	of	Sciences.	......................	203 
Table	6.9	The	crude	prevalence	at	the	Polish	Academy	of	Sciences	..............................................................	214 
Table	6.10	The	sex-specific	prevalence	at	the	Polish	Academy	of	Sciences.	...............................................	214 
Table	6.11	The	age-specific	prevalence	at	the	Polish	Academy	of	Sciences.	...............................................	214 
Table	6.12	The	crude	prevalence	for	the	urban	and	rural	assemblage	groupings	at	the	Polish	Academy	
of	Sciences.	.........................................................................................................................................................................	215 
Table	6.13	The	sex-specific	prevalence	for	the	urban	and	rural	assemblage	groupings	at	the	Polish	
Academy	of	Sciences.	......................................................................................................................................................	215 
Table	6.14	The	age-specific	prevalence	for	the	urban	and	rural	assemblage	groupings	from	the	Polish	
Academy	of	Sciences.	......................................................................................................................................................	216 
Table	6.15	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	the	urban	and	rural	
groups	at	the	Polish	Academy	of	Sciences.	.............................................................................................................	216 
Table	6.16	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	the	males	and	females	of	
the	urban	and	rural	groups	from	the	Polish	Academy	of	Sciences.	................................................................	217 
Table	6.17	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	the	Maturus	age	groups	of	
the	urban	and	rural	groups	from	the	Polish	Academy	of	Sciences.	................................................................	217 
Table	6.18	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	the	Wrocław	and	Milicz	
assemblages	from	the	Polish	Academy	of	Sciences.	............................................................................................	217 
Table	6.19	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	the	males	and	females	of	
the	Wrocław	and	Milicz	assemblages	from	the	Polish	Academy	of	Sciences...............................................	218 
Table	6.20	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	the	Maturus	age	groups	
from	the	Wrocław	and	Milicz	assemblages	from	the	Polish	Academy	of	Sciences.	...................................	218 
Table	6.21	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	the	urban	and	rural	
groups	from	the	assemblages	at	the	Polish	Academy	of	Sciences	and	the	selected	assemblages	.......	219 
Table	6.22	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	males	from	the	
assemblages	at	the	Polish	Academy	of	Sciences	and	the	selected	assemblages.	.......................................	219 
Table	6.23	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	females	from	the	
assemblages	at	the	Polish	Academy	of	Sciences	and	the	selected	assemblages	........................................	220 
Table	6.24	The	odds	ratio	comparing	the	prevalence	of	neoplasms	between	the	Maturus	age	
categories	from	the	assemblages	at	the	Polish	Academy	of	Sciences	and	the	selected	assemblages	.	220 
Table	7.1	An	economic	breakdown	of	the	Polish	population	during	the	Middle	Ages	............................	229 
Table	7.2	Modern	average	exposure	to	natural	and	artificial	radiation	in	Poland....................................	246 
Table	7.3	Modern	cancer	mortality	in	high	and	low	radiation	areas	in	Poland	.........................................	246 



	14	

	

	



	 15	

ACKNOWLEDGEMENTS	

First	 and	 foremost,	 I	would	 like	 to	 thank	my	 joint	 primary	 supervisors	 in	 the	 Institute	 of	

Archaeology,	at	University	College	London,	Professor	Tony	Waldron	and	Dr	Carolyn	Rando	and	my	

secondary	supervisor	Professor	Andrew	Reynolds.	Their	encouragement	and	guidance	over	the	years	

have	been	unwavering	and	for	that	I	am	most	grateful.		

My	 thanks	 and	 appreciation	 also	 go	 to	 Professor	 Sławomir	 Kozieł	 in	 the	 Department	 of	

Anthropology,	at	the	Polish	Academy	of	Sciences	in	Wrocław,	Poland,	for	allowing	me	access	to	the	

institution’s	osteological	collection.	I	also	wish	to	thank	Dr	Agata	Cieślik	and	Dr	Anna	Spinek	for	their	

assistance	during	my	data	collection	period.	Further	thanks	are	given	to	the	Institute	of	Archaeology	

at	University	College	London	and	the	Royal	Anthropological	Institute	of	Great	Britain	and	Ireland,	for	

providing	the	funding	which	enabled	me	to	carry	out	my	research.		

Special	thanks	are	also	due	to	the	Centre	for	Human	Bioarchaeology,	in	the	Museum	of	London,	

for	allowing	me	to	conduct	my	pilot	study	and	to	Jelena	Bekvalac	for	her	assistance.	My	thanks	also	go	

to	Dr	Iain	Watt	at	the	University	of	Exeter	for	agreeing	to	act	as	a	consultant	for	the	radiographs	used	

in	this	thesis.	I	would	also	like	to	thank	John	Waldron	for	answering	my	statistics	questions	and	Arthur	

Starzec	for	his	help	in	creating	maps.	

I	would	like	to	thank	my	friends	and	colleagues	at	the	Institute	of	Archaeology,	especially	the	

occupants	of	room	322b,	both	past	and	present.	They	have	endured	listening	to	my	frustrations	over	

the	course	of	this	PhD	and	have	always	been	ready	for	a	jaunt	to	the	pub.	Finally,	I	give	my	most	sincere	

thanks	to	my	family	and	friends	in	Canada	for	their	support,	especially	my	wonderful	parents	John	and	

Alicja	Siek.	



	16	

	

	 	



	 17	

CHAPTER	1 INTRODUCTION	

“The	pattern	of	disease	and	injury	that	affects	any	group	of	people	is	never	a	matter	of	

chance.	It	is	invariably	the	expression	of	stresses	and	strains	to	which	they	are	exposed,	a	

response	to	everything	in	their	environment	and	behaviour.	It	reflects	their	genetic	

inheritance	(which	is	their	internal	environment),	the	climate	in	which	they	lived,	the	soil	

that	gave	them	sustenance	and	the	animals	and	plants	that	shared	their	homelands.	It	is	

influenced	by	their	daily	occupations,	their	habits	of	diet,	their	choice	of	dwelling	and	

clothes,	their	social	structure,	even	their	folklore	and	mythology.”	(Wells	1964:	17)		

1.1	NEOPLASTIC	DISEASE	IN	THE	MODERN	AGE	

Malignant	neoplasms	account	for	a	large	portion	of	modern	mortality	and	it	is	estimated	that	half	

of	 the	British	 population	 born	 after	 1960	will	 be	 diagnosed	with	a	 form	of	 neoplastic	 disease	 in	 their	

lifetime	 (Cancer	 Research	 UK	 2018a).	 In	 the	 United	 Kingdom	 malignancies	 are	 diagnosed	 every	 two	

minutes	and	a	death	occurs	every	four	minutes	(Cancer	Research	UK	2018b).	Between	2013	and	2015,	

there	were	more	than	360,000	new	cases	and,	in	2014,	cancers	were	the	cause	of	death	for	approximately	

163,000	people	(Cancer	Research	UK	2018b).	In	2012	the	global	number	of	deaths	due	to	various	forms	of	

neoplastic	disease	was	approximately	8.2	million	(Cancer	Research	UK	2018c).	The	seemingly	ubiquitous	

presence	of	this	disease	has	led	to	a	modern	societal	rhetoric	asserting	that	everyone	has	lost	a	relative	or	

friend	to	neoplastic	disease	and,	if	not,	they	soon	will.		

Modern	 cancer	 rates	 have	 been	 attributed	 to	 increases	 in	 average	 human	 lifespan,	 as	well	 as	

increased	exposure	to	varying	carcinogens	(Ahmad	et	al.	2015).	In	essence,	people	are	living	longer	than	in	

the	past,	becoming	more	susceptible	to	neoplastic	development	and	this	is	exacerbated	by	being	constantly	

exposed	to	new	and	varying	types	of	carcinogens,	both	natural	and	man-made.	Consequently,	neoplastic	

disease	has	become	a	dominant	factor	in	modern	medicine	and	is	viewed	by	society	as	an	eventuality	and	

consequence	of	living	in	the	21st	century.	Due	to	this,	neoplasia	is	often	viewed	as	a	purely	modern	disease	

that	was	completely	unexperienced	by	historic	and	ancient	people.	

1.2	THE	QUESTION	OF	NEOPLASTIC	DISEASE	IN	BIOARCHAEOLOGY	

Academic	research	regarding	medical	history	and	disease	in	antiquity,	during	the	first	half	of	the	

20th	century,	ranged	in	its	insight	on	neoplastic	disease.	Some	older	medical	history	texts,	such	as	those	by	

Neuburger	(1910)	and	Gordon	(1949),	have	no	reference	to	cancers,	tumours	or	neoplasia.	Singer	(1928:	

359)	 offered	 some	 insight	 to	 neoplastic	 disease,	 but	 his	 entry	was	 confined	 to	 the	 limited	 oncological	
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knowledge	of	the	era:	“Nor	have	we	any	real	insight	into	the	nature	of	Cancer.	Those	who	reach	advanced	

age	have	no	better	chance	of	life	than	they	had	two	hundred	years	ago”.	In	the	latter	half	of	the	20th	and	into	

the	21st	centuries,	as	oncological	understanding	improved,	histories	of	neoplastic	disease,	such	as	that	of	

Mukherjee	(2010),	slowly	began	to	become	more	widespread	and	accessible.	However,	the	main	focus	of	

these	works	remained	confined	to	modern	clinicians	and	advancements	in	cancer	treatment	and	diagnosis	

over	the	course	of	the	20th	century.	Some	attention	is	given	to	the	ancient	perceptions	of	neoplasia,	but	

usually	this	does	not	extend	beyond	the	introductory	chapter	and	rarely	does	it	consider	bioarchaeological	

evidence	or	palaeopathological	research.		

In	the	last	decade,	following	a	review	of	Egyptian	mummified	remains,	as	well	as	ancient	Egyptian	

and	 Greek	medical	 literature,	 researchers	 concluded	 that	 neoplastic	 disease	was	 rare	 in	 the	 past	 and	

therefore	must	be	a	man-made	by-product	of	the	modern	age	(David	and	Zimmerman	2010).	One	of	the	

primary	investigators,	Dr	R.	David,	later	stated	in	a	press	release:	

“In	 industrialized	 societies,	 cancer	 is	 second	 only	 to	 cardiovascular	 disease	 as	 a	 cause	 of	 death.	But	 in	
ancient	times,	it	was	extremely	rare.	There	is	nothing	in	the	natural	environment	that	can	cause	cancer.	
So	it	has	to	be	a	man-made	disease,	down	to	pollution	and	changes	to	our	diet	and	lifestyle”	(University	
of	Manchester	2010,	emphasis	added	by	T.	Siek).		

Soon	 after,	 science	 correspondents	 for	 various	 media	 outlets	 and	 popular	 science	 blogs	 broadcasted	

David’s	statement,	reinforcing	the	notion	of	cancer	as	a	modern,	man-made	disease	in	the	public	mind.	A	

representative	from	Cancer	Research	UK	released	a	statement,	refuting	David’s	contention	and	explained	

that	cancer	and	other	forms	of	neoplasia,	is	not	solely	a	by-product	of	the	post-Industrial	Age,	nor	is	it	a	

man-made	disease	(Arney	2010).	Rather,	it	 is	a	malady	that	has	always	been	present	in	human	history,	

which	has	been	intensified	by	people’s	actions	and	environments	over	time.	More	recently,	regardless	of	

Cancer	Research	UK’s	statement,	the	online	activist	group	“Anonymous”	publicized	the	press	release	from	

the	University	of	Manchester	(2010)	and	once	again	advocated	that	cancers	are	man-made	(Flavio	2016).	

1.2.1	PALAEO-ONCOLOGY	

Neoplasms	arise	from	mutations	in	an	individual’s	genetic	code,	which	are	a	consequence	of	factors	

and	 variables	 from	 both	 the	 internal	 and	 external	 environments	 in	 which	 humans	 live.	 The	 internal	

environment	includes,	as	Wells	(1964)	alludes,	a	person’s	genetic	composition,	their	metabolism	and	their	

immunological	 response	 to	 disease.	 The	 external	 environment	 involves	 not	 only	 a	 person’s	 physical	

environment	but	also	the	food	they	eat,	the	water	they	drink	and	the	materials	which	they	use	and	are	
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exposed.	 These	 multiple	 factors	 frame	 and	 inform	 palaeopathological	 research	 into	 neoplasms	 in	 a	

bioarchaeological	context.	This	new	subfield	of	palaeopathology	is	referred	to	as	palaeo-oncology	and	is	

concerned	with	the	study	of	cancer	and	other	forms	of	neoplastic	disease	in	the	past.	It	draws	on,	but	is	not	

limited	to,	bioarchaeology,	palaeopathology,	clinical	knowledge,	medical	history	and	palaeoepidemiology.	

This	subfield	utilizes	these	tools	to	further	understanding	of	the	evolution	and	epidemiology	of	neoplasia	

throughout	history	and	to	help	realize	the	potential	impact	of	this	disease	in	past	populations	and	societies	

(Paleo-Oncology	Research	Organization	2018).		

One	of	the	tenets	of	palaeo-oncology	is	to	understand	the	frequency	of	neoplastic	disease	in	the	

past,	which	is	accomplished	via	palaeoepidemiology.	In	addition	to	observing	and	describing	pathological	

conditions	 in	 bioarchaeological	 remains,	 tracing	 patterns	 of	 disease	 has	 become	 a	 vital	 aspect	 of	

considering	 the	 past	 lives	 of	 humans.	 Palaeoepidemiological	 investigations	 are	 always	 cross-sectional	

studies,	 resulting	 in	 a	 point-prevalence	 or	 single	 observation	 because	 skeletal	 assemblages	 are	 dead	

samples	 and	will	 not	 change	 over	 time;	 this	will	 tend	 to	 produce	 underestimates	 of	 the	 ‘true’	 disease	

prevalence	 (Waldron	 2007).	 However,	 the	 results	 derived	 from	 a	 palaeoepidemiological	 investigation	

inform	not	only	on	various	 forms	of	neoplastic	disease	but	also	permit	 the	 researcher	 to	 infer	broader	

social,	cultural,	environmental	and	genetic	changes	(Souza	et	al.	2003).		

1.3	THESIS	AIMS	AND	QUESTIONS	

	This	 research	was	 originally	 prompted	 by	 claims	 in	 the	 palaeopathological	 literature	 that	 the	

prevalence	of	cancer	and	other	forms	of	neoplasia	had	increased	in	Europe	during	the	medieval	period	

amid	Christianization	and	an	increase	in	European	urbanization	(Pahl	1986;	Strouhal	1998;	Capasso	2005).	

However,	specific	reasons	were	never	proposed	for	this	increase,	such	as	new	or	adopted	occupational	or	

domestic	practices,	which	would	have	exposed	people	to	a	higher	risk	of	cancer	development.	This	led	the	

author	 into	a	cursory	survey	of	palaeo-oncological	 research	 to	date,	and	 it	was	observed	 that	previous	

research	seemed	limited	to	case	reports,	brief	considerations	regarding	a	perceived	rarity	of	tumours	in	

antiquity	and	few	comparative	studies.	As	a	result,	this	cursory	survey	altered	the	aim	of	this	thesis.	Instead	

of	asking	why	there	was	an	increase	in	neoplastic	prevalence	in	the	medieval	period,	the	question	became,	

why	is	it	thought	there	was	an	increase?		
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The	aim	of	this	thesis	is	to	reconsider	palaeoepidemiological	investigations	into	palaeo-oncology	

and	attempt	 to	bring	 these	 lines	of	enquiry	 together.	This	will	be	accomplished	by	 the	 following	 three	

research	questions	and	their	five	sub-questions:	

1) In	bioarchaeology,	how	has	neoplastic	disease	been	investigated?		
a) What	are	the	arguments	for	the	scarcity	of	bioarchaeological	evidence	of	cancer,	as	well	as	other	

neoplasms	and	are	they	well-supported?	
2) Have	previous	paleoepidemiological	investigations	into	neoplastic	disease	been	valid?	

a) Were	 their	methods	 adequate	 for	 determining	 neoplastic	 prevalence	 in	 the	 past	and	 can	 their	
results	be	compared?	

b) Can	the	results	of	past	studies	inform	about	trends	in	neoplastic	prevalence	over	time?	
3) Can	investigations	into	past	neoplastic	disease	prevalence	be	further	standardized?	

a) Can	one	design	and	implement	a	palaeoepidemiological	study	that	overcomes	the	shortcomings	of	
previous	research	and	answer	broader	questions	regarding	neoplasms	in	the	past?	

b) What	methodological	protocols	can	be	created	to	ensure	future	palaeoepidemiological	research	in	
palaeo-oncology	yields	valid	results?		

1.4	THESIS	ORGANIZATION	

This	thesis	is	comprised	of	eight	chapters.	Chapter	2	will	provide	an	overview	of	modern	oncology,	

establishing	the	clinical	definitions	for	neoplasia	and	cancer,	which	will	be	used	throughout	this	thesis.	

Attention	will	be	given	to	neoplastic	characteristics	and	formation	at	the	cellular	level,	with	specific	focus	

given	to	aetiology.	It	will	also	outline	primary	benign	and	malignant	bone	tumours,	as	well	as	introduce	key	

epidemiological	concepts.	Chapter	3	will	review	the	history	of	neoplastic	disease	starting	in	antiquity	and	

moving	forward	to	the	20th	century.	This	will	establish	neoplasms	as	known	entities	in	medical	practice	

and	the	chapter	will	summarize	ancient	and	historical	explanations	for	neoplastic	formation	and	treatment.	

Chapter	4	will	 explore	how	bioarchaeology	and	palaeopathology	have	approached	and	 theorized	about	

neoplastic	processes	in	the	past	through	the	investigation	of	human	skeletal	material,	as	well	as	providing	

an	 overview	 of	 bone	 tumours	 reported	 in	 the	 bioarchaeological	 literature.	 Chapter	 5	 will	 consist	 of	 a	

systematic	review	of	palaeo-oncological	research,	which	will	address	the	current	state	of	the	discipline.	

Particular	focus	will	be	given	to	palaeoepidemiological	investigations,	examining	their	methodology	and	

attempting	to	compare	their	results	to	each	other.	Chapter	6	presents	a	palaeoepidemiological	investigation	

that	was	designed	to	exemplify	a	more	standardized	form	of	methodology	and	will	utilize	skeletal	material	

from	medieval	Poland.	Chapter	7	will	discuss	the	results	of	the	palaeoepidemiological	study,	as	well	as	the	

palaeopathology	of	neoplastic	disease	as	a	whole.	Chapter	8	will	offer	the	conclusions	of	this	thesis	and	will	

propose	protocols	for	future	palaeoepidemiological	investigation	of	neoplastic	disease.
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CHAPTER	2 AN	OVERVIEW	OF	MODERN	ONCOLOGY	

2.1	AN	INTRODUCTION	TO	NEOPLASMS	AND	ONCOLOGY	

In	 modern	 societies	 cancer	 is	 familiar	 to	 the	 general	 public	 usually	 because	 numerous	

individuals	have	lost	family	members	and	friends	to	this	disease	and	many	are	knowledgeable	about	

cancer	to	varying	degrees.	For	example,	there	is	social	awareness	that	the	habitual	smoking	of	tobacco	

may	result	in	lung	cancer.	People	are	also	aware	that	cancer	is	treated	with	chemotherapy,	radiation	

or	surgery	and	cancers	usually	appear	in	older	adults.	However,	topics	such	as	the	genetic	basis	of	

neoplastic	formation	and	its	epidemiology	are	not	as	well	known	in	the	public	sphere.	Moreover,	for	

many	people,	cancer	appears	as	a	homogenous	condition	that	affects	various	organs	and	tissues,	but	in	

reality,	there	are	numerous	types	of	neoplasms,	which	can	vary	in	the	tissue	from	which	they	arise,	

their	appearance,	their	fatality	rates,	the	pattern	in	which	they	spread	through	the	body	and	in	their	

treatment.	

In	 modern	 medicine	 the	 study	 of	 neoplastic	 disease	 is	 referred	 to	 as	 oncology	 and	 this	

specialist	discipline	focuses	on	prevention,	diagnosis	and	treatment.	This	chapter	will	discuss	oncology	

and	its	various	aspects	to	establish	the	biological	basis	for	neoplasia.	The	primary	aim	and	focus	of	this	

chapter	 will	 be	 on	 the	 aetiology	 of	 neoplastic	 disease.	 This	 will	 provide	 a	 clinical	 foundation	 for	

neoplasia	so	that	its	processes	can	be	understood	in	a	palaeopathological	and	palaeoepidemiological	

context.	 This	 chapter	 will	 begin	 by	 defining	 what	 a	 neoplasm	 is	 and	 will	 review	 neoplastic	

characteristics	on	a	cellular	level.	This	will	be	followed	by	a	review	of	the	aetiology	and	development	

of	neoplasms,	including	genetic	involvement	and	the	role	of	carcinogens.	Attention	will	also	be	given	

to	how	a	neoplasm	forms,	its	clinical	diagnosis	and	epidemiology.		

2.1.1	NEOPLASMS,	TUMOURS,	CANCERS	AND	EVERYTHING	IN	BETWEEN	

Neoplasia	refers	to	disease	processes	encompassing	a	range	of	abnormal	growths	referred	to	

as	neoplasms	or	‘new	growths’.	It	is	distinguished	from	infection	or	inflammation	in	its	propensity	to	

remain	after	the	stimulus	is	withdrawn	(Pierce	and	Damjanov	2006).	In	the	medical	literature	there	

are	several	clinical	terms	often	used	in	both	academic	and	non-academic	circles	(Table	2.1,	page	22).	A	

neoplasm	may	refer	to	reactive	focal	and	metabolic	abnormalities	as	well	as	miscellaneous	growths	
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such	as	tumours	and	cysts	(Miller	2008).	The	word	tumour	comes	from	Latin	and	usually	refers	to	a	

swelling	that	occurs	as	a	result	of	an	abnormal	growth;	today	the	word	is	used	interchangeably	with	

neoplasm	(Hesketh	2013).	In	contrast,	the	term	cancer	is	only	used	in	reference	to	specific	neoplasms	

that	are	recognized	as	malignant	and,	if	untreated,	will	likely	prove	fatal	for	the	patient.		

	

Term	 Definition	

Neoplasm	
Any	new	and	abnormal	growth;	specifically,	a	new	growth	of	tissue	in	

which	the	growth	is	uncontrolled	and	progressive.	

Tumour	 A	swelling;	a	new	growth	of	tissue.	

Cancer	
A	neoplasm,	the	natural	course	of	which	is	often	fatal.	Often	applied	as	a	

general	term	to	refer	to	any	type	of	malignant	neoplasm.	

Cyst	
An	abnormal	closed	cavity,	lined	by	epithelium	and	containing	a	liquid	or	

semisolid	material.	

TABLE	2.1	GLOSSARY	OF	ASSOCIATED	TERMS.	DEFINITIONS	DERIVED	FROM	DORLAND	(2007)	AND	STEDMAN	(1995).	

	

2.1.2	BENIGN	VERSUS	MALIGNANT	

Neoplasms	can	arise	in	any	bodily	tissue	and	are	broadly	organized	into	two	categories:	benign	

and	malignant.	Benign	tumours	are	usually	encapsulated	by	a	membrane	that	prohibits	 invasion	of	

surrounding	tissue	and	are	characterized	by	their	slow	growth	(Stephens	et	al.	2009).	Normally	benign	

tumours	 are	 asymptomatic	 and	 are	 found	 by	 chance	 however,	 benign	 neoplasms	 can	 grow	 to	

considerable	 size	and	 in	 some	cases,	 depending	 on	 their	 location,	 compress	 blood	 vessels,	 nerves,	

organs	 or,	 in	 the	 case	 of	 endocrine	 tissues,	 promote	 or	 inhibit	 hormone	 production;	 in	 such	

circumstances,	 surgical	 intervention	 is	 required	 (Hesketh	 2013).	 Benign	 tumours	 are	 composed	 of	

well-differentiated	cells	that	closely	resemble	the	tissue	from	which	they	arise	and	are	referred	to	as	

‘hamartomata’;	if	the	tumour	is	comprised	of	normal	cells	but	growing	in	an	abnormal	site,	it	is	referred	

to	as	‘choristomata’	(Pierce	and	Damjanov	2006).	While	usually	non-fatal,	some	benign	tumours	have	

been	found	to	carry	the	same	genetic	mutations	found	in	malignant	tumours,	indicating	their	potential	

to	become	cancerous	(Hesketh	2013).	For	instance,	skin	moles	or	birthmarks	are	benign	clusters	of	

pigmented	skin	cells	and	normally	do	not	pose	a	threat.	However,	skin	moles	may	become	malignant	if	
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they	are	constantly	exposed	to	ultraviolet	rays	without	adequate	protection.	This	can	be	prevented	

since	skin	moles	are	usually	easily	seen	and	changes,	such	as	an	increase	in	size,	darkening,	itchiness	

or	bleeding,	are	readily	noticed	(Hesketh	2013).	

Malignant	 neoplasms	 are	 tumours	 that	grow	uncontrollably,	 interfere	with	 the	 function	 of	

bodily	systems	and	infiltrate	surrounding	tissues.	The	cells	of	these	tumours	divide	often	and	are	less	

well-differentiated	than	benign	tumour	cells	(Pierce	and	Damjanov	2006).	Malignancies	are	normally	

classified	as	either	carcinomata	(a	cancer	that	arises	from	the	epithelial	tissue	that	lines	external	and	

internal	surfaces	of	the	body)	or	sarcomata	(a	cancer	that	arises	from	any	connective	or	supportive	

tissue,	including	fat,	muscle	and	bone).		

A	 tumour	 is	 officially	 classified	 as	malignant	 if	 it	 invades	 or	metastasizes	 to	 other	 tissues	

(Hesketh	2013).	Metastasis	is	the	process	in	which	cells	detach	from	the	primary	tumour	and	spread	

throughout	the	body	via	the	lymphatic	system	and/or	the	bloodstream	or	by	direct	spread	(Galasko	

1981).	 One	 of	 the	main	 routes	 by	which	metastases	 arise	 in	 the	 pelvis	 and	 thorax	 is	 through	 the	

vertebral	venous	plexus,	a	network	of	valveless	veins	that	connect	the	pelvic	and	thoracic	vessels	to	

the	intraspinal	veins	(Zindrick	et	al.	1982;	Libson	et	al.	1987;	Anton	1988;	Morgan	et	al.	1990;	Vinholes	

et	al.	1996;	Coleman	2006;	Nathoo	et	al.	2011).	Batson	(1940)	first	provided	evidence	of	the	vertebral	

venous	plexus	through	his	experimentation	with	dye	injections	into	the	dorsal	veins	of	the	penis.	Using	

radiography,	Batson	was	able	to	track	the	dye’s	spread	into	other	regions	of	the	body	including	the	

pelvis,	 the	 lumbar	spine,	 the	 thoracic	cage	and	 the	base	of	 the	cranium.	 In	 regard	 to	 the	 lymphatic	

system,	the	regional	lymph	nodes	of	cancers	are	often	the	first	site	of	metastasis,	with	the	number	of	

nodes	 included	 acting	 as	 a	 key	 prognostic	 factor	 (Eccles	 2005).	 The	 lymphatic	 system	more	easily	

allows	metastases	to	spread	than	via	haematological	routes	because	lymphatic	channels	have	a	thinner	

basement	membrane,	which	is	the	extracellular	matrix	of	tissue	that	separates	the	lining	of	internal	

surface,	from	the	underlying	connective	tissue	(Eccles	2005).	In	conjunction	with	these	routes	the	seed	

and	soil	hypothesis,	first	put	forward	by	Paget	(1889),	describes	the	way	in	which	secondary	tumours	

spread	 and	 are	 created.	 Paget	 examined	 autopsy	 records	 of	 cancer	 patients	 and	 observed	 that	

metastatic	patterns	were	not	random,	as	was	thought	at	the	time	(Paget	1889;	Fidler	2003).	From	this,	

Paget	postulated	that	secondary	tumour	cells	were	akin	to	seeds	being	scattered	in	a	field;	if	the	soil	

(in	this	case,	the	organ’s	microenvironment)	is	suitable,	the	seed	(the	metastatic	cancer	cells)	will	take	
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root	 and	 grow.	 Ewing	 (1928)	 challenged	 Paget’s	 hypothesis	 and	 argued	 metastases	 occur	 due	 to	

mechanical	 factors,	resulting	from	the	anatomic	routes	of	the	cardiovascular	system.	Thus,	the	next	

connected	 organ	 would	 likely	 have	 the	 highest	 number	 of	 metastatic	 tumours.	 However,	 Ewing’s	

hypothesis	 could	 not	 explain	why	 some	 tissues,	 such	 as	 the	 brain	 and	 the	 bones,	 often	 exhibited	

metastases,	despite	having	 limited	vascular	pathways	compared	 to	other	 tissues	such	as	 the	heart,	

muscles	 and	 skin	 (Ribatti	 et	 al.	 2006).	Modern	 considerations	 of	 the	 seed	 and	 soil	 hypothesis	 are	

comprised	of	three	tenets,	the	first	of	which	is	a	neoplasm	is	biologically	heterogeneous	and	composed	

of	 diverse	 sub-populations	 of	 tumour	 cells	 with	 different	 angiogenic,	 invasive	 and	 metastatic	

properties;	each	sub-population	has	the	potential	to	complete	at	least	some	of	the	steps	necessary	for	

a	 successful	 metastasis	 (Fidler	 2003;	 Ribatti	 et	 al.	 2006).	 The	 second	 tenet	 is	 that	 metastasis	 is	

dependent	 on	 tumour	 cells	 that	 can	 succeed	 in	 invading	 the	 circulatory	 system,	 survive	 while	 in	

circulation,	arrive	and	infiltrate	a	distant	bodily	region	and	multiply.	The	third	tenet	is	that	a	metastasis	

can	 only	 develop	 in	 specific	 organs,	where	 their	 unique	micro-environment	 is	 suitable	 for	 tumour	

growth	(Fidler	2003).		

The	skeleton	is	one	of	the	most	common	sites	for	metastasis,	with	the	majority	arising	from	

carcinomata	of	the	lung,	breast	and	prostate	(Coleman	2001).	This	is	because	the	microenvironment	

of	 bone	 holds	 a	 large	 reservoir	 of	minerals	 and	 hormonal	 growth	 factors,	 including:	 transforming	

growth	factor	β,	insulin-like	growth	factors	I	and	II,	fibroblast	growth	factors,	platelet-derived	growth	

factors,	bone	morphogenetic	proteins	and	calcium	(Roodman	2004).	The	probability	of	carcinomata	of	

the	breast,	prostate	and	lung	as	the	site	of	origin	for	skeletal	metastases	is	75%,	thyroid	and	kidney	

cancers	have	a	30-40%	chance	of	bone	metastasis	and	there	is	a	10%	chance	for	bone	metastasis	from	

cancers	of	the	gastrointestinal	tract	(Coleman	2006).	In	breast	or	prostate	cancer	patients,	at	the	time	

of	death,	the	majority	of	tumours	will	be	in	bone	(Mundy	2002;	Coleman	2006).	However,	some	cancers	

do	not	 spread	 to	 the	skeleton	 initially.	For	example,	colorectal	 cancer,	 the	 third	most	common	soft	

tissue	cancer	among	adults,	has	been	observed	to	spread	first	to	the	liver	and	lungs	(Ribatti	et	al.	2006;	

Roth	et	al.	2009).	The	development	of	bone	metastases	is	also	highly	dependent	on	how	long	a	patient	

survives	with	the	disease.	For	instance,	in	individuals	who	die	quickly	due	to	an	aggressive	primary	

tumour,	 skeletal	metastases	will	 be	 uncommon	 as	 there	was	 simply	 not	 enough	 time	 for	 them	 to	

develop	 (Mundy	 2002).	 Skeletal	metastases	 can	 occur	 anywhere	 in	 the	 skeleton,	 but	 due	 to	 their	
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haematological	route,	they	mainly	occur	in	the	axial	skeleton,	especially	in	the	cranium,	ossa	coxae	and	

vertebrae.	This	is	due	to	the	high	proportion	of	red	bone	marrow	in	those	regions,	where	red	blood	

cells,	platelets	and	some	white	blood	cells	are	produced;	the	tumour	cells	produce	adhesive	molecules	

that	bind	themselves	to	the	marrow	cells	and	bone	matrix	(Coleman	2006).	Metastases	can	vary	in	

their	pattern	and	this	is	influenced	by	molecular	and	cellular	biological	characteristics	of	tumour	cells,	

as	well	as	the	tissues	to	which	they	travel;	other	factors	include	vascular	pathways,	blood	flow	and	

capillary	structure	(Coleman	2001).		

In	bone,	metastases	can	result	 in	osteolytic,	osteoblastic	or	mixed	blastic	and	 lytic	activity	

(Table	2.2,	page	26).	Osteolytic	activity	occurs	when	bone	resorption	increases	but	fails	to	stimulate	

enough	new	bone	 formation	 (Figure	 2.1-2.2,	 page	 59).	Multiple	myeloma,	 for	 example,	 is	 the	 only	

cancer	 that	 solely	 produces	 osteolytic	 lesions,	 where	 osteoclasts	 accumulate	 at	 bone-resorbing	

surfaces	adjacent	to	the	myeloma	cells	and	suppress	bone	formation	(Roodman	2004).	An	osteoblastic	

response	develops	when	bone	formation	is	increased	and	new	bone	is	deposited	away	from	the	sites	

of	previous	bone	resorption.	This	results	in	new,	immature,	woven	bone	that	does	not	lend	to	structural	

support	 (Figure	 2.3-2.5,	 pages	 60-61).	 Osteoblastic	 activity	 is	 typically	 found	 in	 prostate	 cancer	

(Logothetis	 and	 Lin	 2005).	 When	 viewed	 histologically,	 metastases	 from	 prostate	 cancer	 show	 a	

substantial	number	of	osteoblasts	adjacent	to	the	tumour	cells,	whereas	few	or	no	osteoblasts	are	seen	

in	 normal	 bone	 or	 in	 skeletal	 metastases	 from	 other	 types	 of	 cancer	 (Logothetis	 and	 Lin	 2005).	

Metastatic	 lesions	can	also	be	mixed	 in	 their	character	reflecting	 the	co-existence	of	both	 lytic	and	

blastic	 processes.	 For	 instance,	while	 breast	 cancer	 is	 known	 to	 predominantly	 produce	 osteolytic	

lesions,	at	least	15-20%	of	these	can	also	be	osteoblastic	(Figure	2.6,	page	61)	(Vinholes	et	al.	1996;	

Roodman	2004;	Biehler-Gomez	et	al.	2019a).		
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	 Osteolytic	Activity	 	

Myeloma	 	 	

Renal	

Melanoma	

Bladder	

Thyroid	

Lung	

Breast	

Prostate	

	 	 Osteoblastic	Activity	

TABLE	2.2	THE	SPECTRUM	OF	OSTEOLYTIC	AND	OSTEOBLASTIC	ACTIVITY	IN	RELATION	TO	VARIOUS	FORMS	OF	NEOPLASTIC	
MALIGNANCY.	MYELOMA	IS	CHARACTERIZED	BY	OSTEOLYTIC	ACTIVITY	AND	PROSTATE	CANCER	IS	CHARACTERIZED	BY	
OSTEOBLASTIC	ACTIVITY	(AFTER	COLEMAN	2001).	

	

Clinically,	 metastasis	 to	 the	 skeleton	 is	 a	 chronic	 condition	 and	 may	 produce	 further	

complications	 in	cancer	patients	 (Mundy	2002).	Large	osteolytic	 lesions	erode	 the	cortex	and	may	

reduce	the	load	bearing	ability	of	bones,	 leading	to	pathological	 fractures.	Initially,	these	present	as	

painful	micro-fractures,	which	then	lead	to	macro-fractures,	most	commonly	in	the	ribs	and	vertebrae	

(Coleman,	2006).	Hypercalcaemia,	an	excess	of	calcium	in	the	blood,	 is	another	complication	and	is	

often	 associated	 with	 metastases	 from	 lung,	 breast	 and	 kidney	 cancers,	 as	 well	 as	 myeloma	 and	

lymphoma.	 It	 results	 from	metastatic	 osteolytic	 activity	 and	 common,	 but	 nonspecific,	 symptoms	

include	fatigue,	anorexia	and	constipation.	If	untreated,	hypercalcaemia	can	lead	to	reduced	renal	and	

mental	function.	Death	can	occur	from	renal	failure	and	cardiac	arrhythmia.	Bone	metastases	are	also	

a	source	of	pain,	notably	in	the	cranial	base	and	in	the	vertebral	column,	the	pelvis	and	the	femora.	This	

can	present	as	headache,	neck	and	back	pain	and	pain	in	the	lower	limbs	when	moving	(Coleman	2006).	

Cranial	 and	 vertebral	 metastases	 may	 lead	 to	 pressure	 on	 the	 brain	 and	 spinal	 cord	 leading	 to	

neurological	problems	(Stark	et	al.	2003).	Patient	survival	from	metastatic	complications	vary	with	

different	tumour	types	and	time	since	the	initial	diagnosis.	For	instance,	the	median	survival	rate	for	

metastatic	 prostate	 or	breast	 cancers	 is	measurable	 in	years,	while	 that	 of	 lung	cancer	 is	 typically	

measured	in	months	(Coleman	2006).	
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2.1.3	CHARACTERISTICS	OF	THE	NEOPLASTIC	CELL	

The	neoplastic	cell	is	characterised	by	at	least	four	key	factors:	a	reduced	dependence	on	or	

the	ignoring	of	external	growth	signals,	resistance	to	apoptosis,	the	ability	to	grow	without	limit	and	

angiogenesis	 (Stephens	 et	 al.	 2009;	 Hesketh	 2013).	 Under	 normal	 circumstances,	 cells	 receive	

molecular	 signals	 from	 adjacent	 or	 nearby	 cells,	 telling	 them	 to	 divide	 or	 not	 to	 divide.	 However,	

neoplastic	cells	can	function	as	if	they	are	always	being	told	to	divide	when	they	are	not	or	simply	

ignore	these	external	signals	altogether	(Hesketh	2013).	Anti-growth	signals	come	from	cytokines,	the	

most	 notable	 being	 transforming	 growth	 factor	 beta	 (TGFb),	 and	 they	 combine	 with	 tumour	

suppressor	genes,	such	as	retinoblastoma	1	(RB1)	and	tumour	protein	53	(p53).	Tumour-suppressor	

genes	encode	proteins	and	a	loss	of	function	leads	to	unregulated	control	of	the	cell	cycle	and	protein	

degradation.	RB1	creates	retinoblastoma	proteins	which	control	the	cell	cycle	clock,	permitting	DNA	

replication	when	 cells	 are	mature	 and	when	 growth	 signals	 are	 being	 received.	P53	 activates	 the	

expression	of	various	genes	that	protect	against	DNA	damage	either	by	stopping	cell	cycle	division	until	

the	damaged	genetic	code	has	been	repaired	or	by	killing	the	cell	(Stephens	et	al.	2009;	Hesketh	2013).	

Half	of	all	malignancies	carry	at	least	one	copy	of	a	mutated	p53	gene	and,	if	a	normal	copy	is	present,	

the	mutation	will	create	a	protein	that	inactivates	its	normal	counterpart	(Stephens	et	al.	2009).	The	

effects	 of	 TGFb	 can	 be	 inhibited	 by	 mutations	 so	 that	 external	 signals	 to	 stop	 growth	 are	 either	

subverted	or	inhibited.	In	 tumours	 the	TGFb	 signalling	function	 is	changed	 to	promote	an	 invasive	

phenotype,	converting	TGFb	from	a	tumour	suppressor	to	a	tumour	promoter	(Yang	et	al.	2010).		

Apoptosis	is	a	regulated	biochemical	process	that	results	in	programmed	cell	death	and	is	a	

mechanism	of	tumour	suppression	(Stephens	et	al.	2009).	This	process	is	distinct	from	necrosis,	 in	

which	a	cell	dies	due	to	external	factors.	When	a	cell	has	extensive	genetic	damage	p53	will	activate	

and	send	 instructions	 to	undergo	apoptosis	 through	expression	of	 the	genes	BAX,	PUMA	 and	NOXA	

(Kerr	et	al.	1994;	Elmore	2007;	Hesketh	2013).	These	genes	stimulate	apoptosis	by	making	the	outer	

membrane	of	the	mitochondria	permeable,	which	releases	pro-apoptoic	proteins	(Elmore	2007).	In	

tumour	cells	p53	is	either	mutated	or	not	present,	which	results	in	the	cell’s	ability	to	continue	to	grow	

and	divide	without	undergoing	apoptosis.		

The	neoplastic	cell’s	ability	for	unrestricted	growth	is	also	due	to	mutations.	Normal	cells	will	

become	senescent	after	time	and	no	longer	replicate	due	to	the	loss	of	telomeres,	repeated	genetic	
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sequences	that	cap	the	ends	of	chromosomes	(Hesketh	2013).	In	some	cases,	such	as	germ	line	cells	

and	stem	cells,	where	short	telomeres	would	be	detrimental	to	cell	survival,	the	enzyme	telomerase	is	

expressed	and	can	replicate	more	chromosomal	ends.	In	90%	of	malignant	tumours	and	in	25%	of	

benign	 tumours	 there	 is	 a	 substantial	 amount	 of	 telomerase	 expression	 that	 allows	 these	 cells	 to	

maintain	telomere	length	and	continue	to	replicate	(Hahn	et	al.	1999).		

Like	other	bodily	tissues,	tumours	require	nutrients	and	oxygen	to	survive	normally	provided	

via	the	bloodstream.	However,	unlike	normal	tissues,	nascent	tumours	do	not	have	a	blood	supply	from	

the	 circulatory	 system.	 To	 combat	 this,	 neoplastic	 cells	 release	 chemical	 signals	 that	 stimulate	

angiogenesis,	 the	 formation	 of	 new	 blood	 vessels	 (Hesketh	 2013).	 Angiogenesis	 is	 not	 unique	 to	

tumours	 as	 the	 same	 process	 occurs	 during	 foetal	 development,	 wound	 healing	 and	 in	 other	

pathological	processes,	such	as	vascular	disease,	rheumatoid	arthritis	and	Crohn’s	disease	(McNamara	

et	al.	1998).	To	activate	angiogenesis,	tumours	release	angiogenic	factors,	such	as	vascular	endothelial	

growth	 factor	 (VEGF).	 VEGF	 binds	 to	 specific	 proteases	 that	 act	 on	 collagen	 and	 triggers	 the	

proliferation	of	endothelial	cells	 that	 line	blood	vessels;	 these	 then	develop	new	blood	vessels	 that	

infiltrate	 the	 tumour,	 creating	a	 blood	 source	 (McNamara	 et	 al.	 1998).	However,	 these	 new	blood	

vessels	are	abnormally	configured,	have	no	discernible	patterns,	are	weak	and	have	unstable	blood	

flow.	As	a	result,	some	areas	of	a	tumour	may	receive	less	oxygen	and	nutrients	than	others	and	the	

cells	 in	 the	centre	of	a	growing	 tumour	become	so	deprived	 they	may	die,	 forming	a	necrotic	core	

(Hesketh	2013).		

2.2	AETIOLOGY	OF	NEOPLASTIC	DISEASE	

Neoplasms	arise	as	a	result	of	an	accumulation	of	genetic	damage	and	mutation	(Table	2.3,	

page	 30).	 These	 changes	alter	 a	 cell’s	 genetic	 coding	 for	 normal	 cellular	mechanisms,	 such	 as	 cell	

multiplication	and	protein	synthesis	(Ames	1979).	Damaged	DNA	consists	of	a	physical	irregularity	in	

one	or	both	of	the	genetic	strands	and	is	usually	enzymatically	recognized	and	repaired;	if	not,	the	gene	

does	not	undergo	transcription	and	the	resultant	protein	is	never	created.	Mutation,	on	the	other	hand,	

may	include	a	change	in	the	DNA	base	sequence	that	is	not	enzymatically	recognized.	If	the	mutation	

presents	in	both	strands,	this	will	cause	alterations	in	protein	function	or	regulation	(Bernstein	et	al.	

2008).	 Mutagenic	 alterations	 can	 occur	 either	 as	 a	 germline	 mutation	 or	 as	 a	 somatic	 mutation.	
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Germline	mutation	refers	to	changes	in	the	genetic	code	that	was	present	during	the	formation	of	the	

embryo	and	affects	all	the	cells	within	an	individual.	This	includes	their	gametes,	which	results	in	the	

potential	for	an	individual	to	pass	their	mutation	to	their	offspring	(Weber	2009).	In	contrast,	a	somatic	

mutation	is	an	alteration	in	the	genetic	code	of	cells	from	a	particular	bodily	tissue,	which	may	result	

in	 the	development	of	malignancy,	 such	as	a	mutation	 in	 the	breast	cells,	 leading	 to	breast	cancer.	

Somatic	mutations	are	not	detected	in	the	cells	of	unaffected	tissues	or	in	cells	near	the	malignancy.	

Moreover,	these	mutations	do	not	affect	the	gametes,	thus	there	is	no	risk	of	inheritance	(Weber	2009).	

The	cellular	loss	of	function	or	regulation	comes	from	mutations	in	three	broad	categories	of	genes:	

proto-oncogenes,	 tumour	 suppressor	 genes	 and	DNA	 repair	enzymes.	 Proto-oncogenes	encode	 the	

components	of	signalling	pathways	that	regulate	cell	proliferation	and	repair	(Stephens	et	al.	2009;	

Hesketh	2013).	When	mutated	 these	are	 referred	 to	as	oncogenes	and	promote	unchecked	growth	

leading	 to	 a	 malignant	 phenotype	 (Weber	 and	 Czarnetzki	 2002;	 Stephens	 et	 al.	 2009).	 Tumour	

suppressor	genes	also	modulate	or	inhibit	cell	growth	and	differentiation;	if	the	proteins	they	encode	

lose	 their	 function,	 this	will	 lead	 to	 a	 deregulation	 of	 cell	 cycle	 progression,	 protein	 degradation,	

cellular	adhesion	and	motility	(Hesketh	2013).	DNA	repair	enzymes	maintain	the	genome	and,	as	such,	

mutations	can	reduce	their	ability	to	repair	genetic	code	(Hesketh	2013).	
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Gene	 Malignancy	

ATM	 Lymphoma,	leukaemia,	breast	

MRE11A	 Lymphoma	

NBS1	 Lymphoma	

BRCA1	 Breast,	ovarian,	prostate,	colon	

BRCA2	 Breast,	ovarian,	prostate,	pancreas	

CHK1	 Colorectal	

CHK2	 Breast,	lung,	colon,	urinary,	bladder,	testis	

p53	 Sarcoma,	breast,	brain,	leukaemia	

RECQL2	 Various	cancers	

RECQL3	 Lymphoma,	leukaemia,	

RECQL4	 Osteosarcoma	

p16	 Melanoma,	pancreas	

RB	 Retinoblastoma,	osteosarcoma	

TABLE	2.3	THE	MALIGNANCIES	ASSOCIATED	WITH	DAMAGED	OR	MUTATED	GENES	(AFTER	WEBER	2009).	

	

Two	of	the	main	factors	leading	to	genetic	anomalies	and	neoplastic	disease	are	an	individual’s	

age	 and	 familial	 genetic	 predisposition.	 As	 humans	mature	 there	 is	 a	 tendency	 for	 cellular	 repair	

mechanisms	to	become	less	effective	and,	as	an	individual’s	genetic	code	is	constantly	undergoing	self-

replication,	 occasionally	 mutations	will	 result	 (Cancer	 Research	 UK	 2014).	 From	 the	 onset,	 these	

mutations	will	 have	 little	 to	 no	 immediate	 impact	 on	 cellular	mechanisms,	 but	 over	 the	 course	 of	

decades	these	mutations	may	accumulate,	leading	to	a	higher	risk	of	neoplastic	development	(Cancer	

Research	 UK	 2014).	 In	 some	 families	 there	 can	 be	 a	 predisposition	 for	 the	 genetic	 mutations	

responsible	for	carcinomata	of	the	lung,	colorectal	and	breast	(Heighway	et	al.	1986;	Hall	et	al.	1990;	

De	la	Chapelle	2004).	These	deleterious	mutations	may	exhibit	a	Mendelian	inheritance,	of	which	there	

are	two	forms,	autosomal	dominant	inheritance	and	autosomal	recessive	inheritance.	In	the	former,	

only	one	mutated	allele	(inherited	from	either	the	mother	or	the	father)	is	needed	to	increase	the	risk	

of	developing	a	cancer	phenotype	and	there	is	a	50%	chance	that	an	individual’s	offspring	will	inherit	



	 31	

the	trait,	making	them	a	carrier.	In	the	latter,	both	alleles	must	be	mutated	(inherited	from	both	the	

mother	and	the	father)	and	there	is	a	25%	chance	that	an	individual’s	offspring	will	inherit	the	trait	if	

both	parents	are	unaffected	(Weber	2009).	Regardless	of	the	inheritance	being	dominant	or	recessive,	

mutations	 will	 accumulate	 in	 family	 members	 over	 a	 number	 of	 generations	 and	 due	 to	 this	

predisposition,	 neoplasms	 can	 develop	 more	 frequently	 and	 at	 a	 younger	 age	 (Frank	 2004).	 For	

instance,	 women	 at	 risk	 of	 a	 genetic	 predisposition	 to	 breast	 or	 ovarian	 cancer	 are	 carriers	 of	 a	

mutation	 in	 the	 tumour	 suppressor	 gene,	BRCA1,	which	 becomes	 inactive	 (Frank	2004).	However,	

simply	carrying	a	mutated	gene	will	not	ensure	that	malignancy	will	develop	during	an	individual’s	life.	

The	probability	of	a	neoplasm	arising	from	a	specific	mutation	is	described	by	its	penetrance,	which	is	

the	 extent	 or	 frequency	 to	 which	 a	 genotype	 is	 expressed	 (Stedman	 1995;	 Weber	 2009).	 The	

penetrance	of	a	neoplastic	gene	depends	on	many	factors,	including	the	normal	function	of	the	altered	

gene	and	the	extent	to	which	the	mutation	alters	the	functionality	of	the	produced	protein	(Weber	

2009).	

2.2.1	CARCINOGENS	

Carcinogens	 are	 the	 other	 main	 cause	 for	 tumour	 development.	 These	 are	 external,	

environmental	factors	that	damage	DNA	and	alter	the	genetic	coding	for	cellular	mechanisms	(Ames	

1979).	Carcinogenesis	is	accomplished	through	constant	exposure	over	the	course	of	time	and	it	is	for	

this	reason	that	some	occupations	and	lifestyle	habits	are	at	a	higher	risk	for	neoplastic	development.	

The	International	Agency	for	Research	on	Cancer,	a	branch	of	the	World	Health	Organization,	works	to	

identify	 and	 evaluate	 carcinogens	 and	 provides	 a	 standardized	 classification	 system	 that	 is	 used	

globally	 (Table	2.4,	page	32).	The	World	Health	Organization	divides	carcinogens	 into	 three	broad	

categories:	physical,	chemical	and	biological	(Table	2.5,	page	33).		

	 	



	32	

	

	

	

	

	

Group	1	 Carcinogenic	to	humans	

There	is	convincing	evidence	that	
the	agent	in	question	causes	
cancer.	The	evaluation	is	based	
on	epidemiological	studies	
showing	development	of	cancer	
in	exposed	humans,	as	well	as	
sufficient	evidence	of	
carcinogenicity	in	experimental	
animals.	

Group	2A	 Probably	carcinogenic	to	humans	

There	is	limited	evidence	of	
carcinogenicity	in	humans	and	
sufficient	evidence	of	
carcinogenicity	in	experimental	
animals.	

Group	2B	 Possibly	carcinogenic	to	humans	

There	is	limited	evidence	of	
carcinogenicity	in	humans	and	
less	than	sufficient	evidence	of	
carcinogenicity	in	experimental	
animals.	

Group	3	
Unclassifiable	as	to	

carcinogenicity	in	humans	

There	is	inadequate	evidence	of	
carcinogenicity	in	humans	and	
inadequate	or	limited	evidence	in	
experimental	animals.		

Group	4	
Probably	not	carcinogenic	to	

humans.	

There	is	evidence	suggesting	lack	
of	carcinogenicity	in	humans	and	
in	experimental	animals.	

TABLE	2.4	THE	CARCINOGEN	CLASSIFICATION	SYSTEM	USED	BY	THE	INTERNATIONAL	AGENCY	FOR	RESEARCH	ON	CANCER	
(2018A).	 	
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Carcinogens	

Physical	 Chemical	 Biological	

Aluminium	 Group	1	 Acetaldehyde	 Group	2B	 Aflatoxins	 Group	1	

Asbestos	 Group	1	 Acid	mists	 Group	1	
Alcoholic	
beverages	

Group	1	

Arsenic	 Group	1	
Anabolic	
steroids	

Group	2A	 Clonorchis	sinensis		 Group	1	

Coal	 Group	1	 Benzene	 Group	1	 Epstein-Barr	virus	 Group	1	

Gamma	rays	 Group	1	 Beryllium	 Group	1	
Heliocobacter	

pylori	
Group	1	

Leather	dust	 Group	1	 Cadmium	 Group	1	
Hepatitis	B	and	C	

viruses	
Group	1	

Radon	 Group	1	 Caffeine		 Group	3	
Human	

immunodeficiency	
virus	

Group	1	

Soot	 Group	1	 Diethanolamine	 Group	2B	
Human	papilloma	

virus	
Group	1	

Ultraviolet	
radiation	

Group	1	 Formaldehyde	 Group	1	
Opisthorchis	

viverrini		
Group	1	

Wood	dust	 Group	1	 N-nitrosamines	 Group	2A	 Red	meat	 Group	2A	

X-rays	 Group	1	
Polycyclic	
aromatic	

hydrocarbons	
Group	1	

Salted	or	
fermented	fish	

Group	1	

TABLE	2.5	A	SELECTION	OF	VARIOUS	PUTATIVE	CARCINOGENS	(INTERNATIONAL	AGENCY	FOR	RESEARCH	ON	CANCER	2018A).	
	

2.2.1.1	Physical	Carcinogens		

Physical	carcinogens	 include	varying	 types	of	 radiation,	 such	as	ultraviolet	 light	and	radon	

emissions,	as	well	as	materials,	 such	as	asbestos.	Radiation	has	been	 linked	 to	cancer	 risk	 through	

experimentation	 and	 observation.	 For	 instance,	 studies	 of	 survivors	 of	 atomic	 bombs	 and	 nuclear	

disasters,	 such	 as	 that	 of	 the	 Chernobyl	 reactor	 facility	 in	 1986,	 showed	 increased	 cancer	 risk	 at	

multiple	anatomic	sites	(Cardis	et	al.	2006;	Ozasa	et	al.	2011;	Furukawa	et	al.	2013).	Diverse	forms	of	

electromagnetic	radiation	such	as	x-rays	and	gamma	rays	produce	fast	electrons	that	penetrate	living	

tissue,	deposit	energy	and	cause	genetic	damage	(El	Ghissassi	et	al.	2009).		
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Ultraviolet	light	(UV)	is	one	of	the	most	commonly	known	forms	of	radiation,	which	is	either	

naturally	emitted	from	the	sun	or	artificially	via	consumer	tanning	beds.	The	sun	emits	ultraviolet	rays	

along	a	spectrum	of	varying	intensity,	characterized	as	UVA,	UVB	and	UVC	rays.	The	Earth’s	ozone	layer	

completely	absorbs	the	more	harmful	UVC	rays.	Of	the	UV	radiation	that	is	able	to	filter	through	the	

ozone	layer	and	reach	the	Earth’s	surface,	95%	is	comprised	of	UVA	and	5%	is	UVB	(El	Ghissassi	et	al.	

2009).	UVA	and	UVB	rays	are	absorbed	by	organic	molecules,	such	as	DNA,	and	become	modified	or	

damaged	(De	Gruijl	1999).	Human	skin	has	developed	a	number	of	adaptive	features	that	protect	the	

body	 from	UV	 rays,	 though	 burning	 and	 blistering	 can	 still	 occur	 after	 heavy	 exposure.	 Constant,	

unprotected	exposure	to	UV	rays	leads	to	a	high	risk	of	numerous	forms	of	skin	cancers	and	this	risk	is	

higher	for	individuals	with	a	lighter	skin	tone	(De	Gruijl	1999).	

Radon	 is	 a	 noble	 gas	and	 occurs	 naturally	 as	 a	 radioactive	 decay	 product	 of	 uranium	and	

thorium.	It	is	primarily	found	in	soil	over	granite	rock	but	can	also	be	found	in	surface	water	as	well	as	

in	uranium,	phosphorous,	silver	and	gold	mines.	Outdoor	levels	of	radon	are	naturally	low	because	the	

gas	disperses	quickly,	but	 indoor	levels	of	radon	may	be	higher	due	to	accumulation	in	homes	and	

buildings	(Samet	1989;	Darby	et	al.	2001).	Radon	emissions	have	been	linked	to	lung	cancer.	As	it	is	

colourless,	tasteless	and	odourless,	radon	is	unknowingly	breathed	in	by	humans	and	the	radiation	

emission	 damages	 the	 bronchial	 epithelium	 (Mossman	 2006;	 Choi	 and	 Mazzone	 2014).	 These	

radioactive	emissions	consist	of	alpha	particles,	which	are	a	dense	type	of	ionizing	radiation,	that	are	

released	 as	 radon	 decays	 (El	 Ghissassi	 et	 al.	 2009;	 Choi	 and	Mazzone	 2014).	 In	most	 cases	 alpha	

particles	cannot	penetrate	thin	barriers	such	as	paper	or	skin,	but	 if	radon	is	 inhaled	and	becomes	

lodged	in	mucosal	linings,	the	alpha	particles	can	cause	damage	to	the	surrounding	tissue	(Choi	and	

Mazzone	2014).	

Physical	material	carcinogens	are	numerous	and	the	most	well	known	in	modern	contexts	is	

asbestos.	 Asbestos	 encompasses	 a	 range	 of	 naturally	 occurring	 mineral	 silicate	 fibres,	 the	 most	

common	of	which	is	chrysotile	or	white	asbestos.	These	fibres	have	high	tensile	strength,	heat	stability	

and	 thermal,	 electrical	 and	 acoustic	 insulation,	 which	 makes	 them	 desirable	 for	 a	 variety	 of	

applications	 and	 have	 been	 included	 in	 modern	 industrial	 use	 since	 the	 19th	 century	 (National	

Toxicology	Program	2004).	These	minerals	are	environmentally	widespread	and	 found	 in	areas	of	

metamorphic	 rock,	 with	 large	 deposits	 in	 the	 Ural	 Mountains	 in	 Russia	 and	 in	 the	 Appalachian	
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Mountains	in	the	United	States	and	Canada	(International	Agency	for	Research	on	Cancer	2012).	Doll	

(1955)	was	the	first	to	report	a	 link	between	lung	cancer	and	exposure	to	asbestos	and,	since	then,	

numerous	epidemiological	studies	have	established	the	carcinogenic	effects	of	asbestos	(Wagner	et	al.	

1960).	 However,	 despite	 this	 established	 link,	 there	 is	 debate	 in	 regard	 to	 how	 risk	 can	 vary	 by	

exposure	to	different	asbestos	fibre	types	and	size,	as	well	as	if	there	is	a	risk	at	low	levels	of	exposure	

(International	Agency	for	Research	on	Cancer	2012).		

Other	 physical	 carcinogens	 include	wood	 and	 leather	 dusts.	Wood	dust	 is	 a	 by-product	 of	

wood-working	and	is	created	via	numerous	common	techniques,	such	as	sawing,	sanding,	drilling	and	

carving	 (International	Agency	 for	Research	on	Cancer	1995;	2012).	The	composition	of	wood	dust	

varies	according	to	the	species	of	tree	and	the	intended	end-product.	Generally,	wood	dust	is	composed	

of	 cellulose,	 polyoses,	 lignin	and	 a	 number	 of	 other	 components	 such	as	 sterols,	 tannins,	 proteins,	

alkaloids	and	 inorganic	material	 (Fengel	and	Wegener	1984;	 International	Agency	 for	Research	on	

Cancer	2012).	Leather	dust	is	a	by-product	of	processing	and	tanning	skins	and	hides	to	create	leather	

for	 clothing	 and	 other	 products.	 Leathers	are	 composed	 of	 varying	 organic	 components,	 including	

proteins,	lipids,	carbohydrates	and	inorganic	materials.	Both	wood	and	leather	dusts	are	occupational	

hazards	that	are	noted	to	cause	malignancy	of	the	lungs,	nasal	cavity	and	sinuses	(International	Agency	

for	Research	on	Cancer	2012).	

2.2.1.2	Chemical	Carcinogens	

There	 are	 numerous	 chemical	 carcinogens,	 of	 which	 the	 most	 potent	 and	 prominent	 are	

polycyclic	aromatic	hydrocarbons	 (PAH)	and	N-nitrosamines.	The	 former	are	chemical	 compounds	

composed	of	fused	benzenoid	rings	and	are	a	by-product	of	incomplete	combustion.	PAH	are	a	common	

pollutant	in	many	environments	as	their	sources	include	emissions	from	burning	fossil	fuels,	wood	and	

biofuels	 (Boström	 et	 al.	 2002).	 N-nitrosamines	 are	 chemical	 compounds	 formed	 during	 food	

preservation	from	nitrogen-containing	compounds	and	nitrite	(Pegg	and	Honikel	2015).	

The	most	commonly	cited	source	of	chemical	carcinogens	is	tobacco	smoking,	as	the	majority	

of	lung	cancer	cases	in	the	United	States	are	believed	to	be	the	direct	result	of	cigarette	use	(Carbone	

1992).	Tobacco	smoking	is	most	commonly	done	through	the	use	of	cigarettes,	with	individuals	usually	

starting	this	practice	in	 late	adolescence	and	early	adulthood.	The	nicotine	released	during	tobacco	
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smoking	is	highly	addictive	and	entices	the	user	to	become	a	habitual	smoker	(Benowitz	1988;	2010).	

However,	the	oncogenic	risk	is	not	from	the	nicotine,	rather	it	is	from	the	other	components	of	tobacco	

smoke	 such	 as	 formaldehyde,	 acetaldehyde,	 PAH	 and	 two	 variants	 of	 N-nitrosamines:	 4-

(methylnitrosamino)-1-(3-pyridyl)-1-butanone	and	N-nitrosonornicotine	(Hecht	2006).	As	with	other	

carcinogens,	malignancy	risk	correlates	with	the	amount	of	tobacco	smoked	per	day	and	the	time	since	

the	habit	started	(Hecht	2006).	While	lung	cancers	are	the	most	well-known	risks	of	smoking,	other	

malignancies	may	also	occur,	including	sinonasal,	nasopharyngeal,	oral,	bladder	and	liver	cancers.		

Alcohol	 has	 been	 linked	 to	malignancies	 of	 the	 mouth,	 pharynx,	 oesophagus,	 liver,	 colon,	

breast	and	rectum.	Like	tobacco,	the	risk	of	developing	cancer	is	related	to	the	duration	and	amount	

consumed.	The	exact	carcinogenic	factor	of	excessive	alcohol	consumption	is	not	yet	fully	understood	

but	a	possibility	is	acetaldehyde,	a	metabolite	of	ethanol;	in	animal	studies,	it	was	shown	that	inhaling	

acetaldehyde	causes	tumours	in	the	respiratory	tract	(Boffetta	and	Hashibe	2006).	The	composition	of	

alcoholic	drinks	might	be	another	 factor	as	PAH	are	 found	 in	hard	 liquors	such	as	whiskey	and	N-

nitrosamines	have	been	identified	in	beer	(Boffetta	and	Hashibe	2006).	

2.2.1.3	Biological	Carcinogens		

Biological	carcinogens	include	repeated	infection	from	viruses,	bacteria	and	parasites,	as	well	

as	 dietary	 factors,	 moulds,	 drugs	 and	 toxins	 (Table	 2.6).	 Specific	 examples	 include	 the	 human	

papillomavirus,	the	Epstein-Barr	virus	and	preserved	foods.		

Infectious	Agent	 Associated	Neoplasm	
Bacteria	

Helicobacter	pylori	 Gastric	cancer	

Chlamydia	trachomatis	 Cervical	cancer	

Mycoplasma	sp.	 Lung	and	ovarian	cancer	

Salmonella	typhi	 Gallbladder	cancer	

Virus	
Epstein-Barr	virus	 Nasopharyngeal	and	gastric	cancers	

Human	papillomavirus	 Cervical,	penile	and	rectal	cancers	

Hepatitis	B	 Liver	cancer	

Hepatitis	C	 Liver	cancer	

Parasites	
Clonorchis	sinensis	 Liver	cancer	

Schistosoma	haematobium	 Bladder	cancer	

Opisthorchis	viverrini	 Gallbladder	and	bladder	cancer	

Plasmodium	falciparum	 Pancreatic	cancer,	leukaemia	
TABLE	2.6	A	SUMMARY	OF	KNOWN	CARCINOGENIC	BACTERIA,	VIRUSES	AND	PARASITES	(RIFKIN	ET	AL.	2017:	953).	
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The	human	papillomavirus	(HPV)	is	contracted	by	skin-to-skin	or	mucosa-to-mucosa	contact.	

The	virus	is	widespread	in	human	populations	and	two	variants,	HPV-16	and	HPV-18,	are	the	most	

carcinogenic,	being	responsible	for	70%	of	cervical	cancers	(Zur	Hausen	2000;	Schiffman	et	al.	2007).	

In	most	cases	the	infection	will	either	be	cleared	or	supressed	by	the	immune	system	and	not	lead	to	

any	 health	 problems;	 instead,	 it	 is	 through	 continued	 exposure	 or	 infection	 that	 cancers	 result	

(Schiffman	et	al.	2007;	Centers	for	Disease	Control	2014).	In	unscreened	populations	the	risk	of	HPV-

induced	cancer	occurs	earlier	in	adults,	peaking	from	35-55	years	of	age;	this	is	due	to	HPV	infections	

that	are	contracted	in	late	adolescence	and	adulthood	(Schiffman	et	al.	2007).		

The	 Epstein-Barr	 virus	 (EBV)	 is	 part	 of	 the	 herpes	 family	 and	 is	 transmitted	 by	 salivary	

contact.	 In	underdeveloped	countries	infection	can	occur	early	in	 life,	while	 in	developed	countries	

infection	is	more	likely	to	occur	in	late	adolescence	or	adulthood	(Thompson	and	Kurzrock	2004).	EBV	

has	associations	with	nasopharyngeal	cancer,	first	noted	by	Old	et	al.	(1966)	and	later	confirmed	when	

EBV	genetic	material	was	recovered	from	nasopharyngeal	tumour	cells	(Raab-Traub	and	Flynn	1986).	

The	EBV	infection	goes	to	the	epithelial	surface	of	the	nasopharynx	and,	in	order	for	neoplasms	to	form,	

the	virus	ensures	that	its	genome	is	maintained	in	the	host	cell	by	integrating	its	DNA	into	in	the	host	

genome.	The	virus	also	ensures	it	does	not	kill	the	cell,	prevents	it	from	being	destroyed	by	the	immune	

system	and	activates	the	intercellular	signals	that	control	proliferation	(Thompson	and	Kurzrock	2004;	

Mark	2007).	However,	malignancies	from	EBV	will	not	occur	until	years	after	the	primary	infection	and	

other	factors	such	as	genetics	and	diet	influence	EBV	carcinogenicity.		

In	terms	of	diet,	preserved	foods	have	been	shown	to	increase	nasopharyngeal	cancer	(NPC)	

risk	among	Chinese	groups	and	the	Inuit	of	Greenland	and	Alaska.	Ho	(1967)	first	noticed	higher	rates	

of	NPC	among	the	Tanka	or	‘boat	people’	of	southern	China.	In	this	group,	salted	fish	is	a	main	staple	of	

the	diet	due	to	long	periods	spent	at	sea	and	fresh	fish	being	reserved	for	trade	because	it	can	be	sold	

at	a	higher	price	(Mark	2007).	Salted	fish	contains	N-nitrosamines	and	as	a	result,	individuals	develop	

NPCs	at	an	early	age	with	a	peak	 incidence	between	40-50	years	old	 (Mark	2007).	Other	styles	of	

preserved	food,	including	salted	or	pickled	vegetables,	fermented	beans	and	salted	or	fermented	eggs,	

have	also	been	shown	to	have	carcinogenic	potential	(Ning	et	al.	1990;	Lee	et	al.	1994;	Armstrong	et	al.	

1998;	Yuan	et	al.	2000).	The	carcinogenicity	of	pickled	vegetables	is	linked	with	the	pickling	process	

used	mainly	in	Asia,	which	does	not	use	salt	or	vinegar	and	instead	relies	on	natural	fermentation	that	
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can	 lead	 to	 contamination	 by	 mould	 (Abnet	 2007).	 Studies	 have	 suggested	 that	 these	 pickled	

vegetables	might	contain	mutagens	that	could	result	in	an	increased	risk	of	oesophageal	cancer	(Cheng	

et	al.	1980;	Lu	et	al.	1981).		

2.3	NEOPLASTIC	FORMATION	

Although	all	neoplasms	result	from	an	accumulation	of	genetic	mutations,	there	is	a	marked	

difference	 between	 the	 formation	 of	 benign	 and	 malignant	 tumours.	 Benign	 tumours	 are	 simply	

derived	 of	 cells	 cloned	 from	 a	 single	 original	 cell	 (Stephens	 et	 al.	 2009).	 In	 contrast,	 malignant	

neoplastic	formation	is	a	multi-step	process	beginning	with	carcinogenic	initiation	and	followed	by	

latency,	 promotion	 and	 progression.	 Carcinogenic	 initiation	 or	 carcinogenesis	 occurs	 when	 a	

carcinogen	interacts	with	DNA,	permanently	altering	it	and	creating	initiated	cells.	This	occurs	when	a	

carcinogen	interacts	with	a	person’s	genetic	code	and	produces	a	DNA	adduct,	causing	the	insertion	of	

an	incorrect	nucleotide	into	the	genetic	strand	resulting	in	the	mutation	of	the	affected	gene	(Perantoni	

2006).	The	latency	period	is	the	time	between	carcinogenesis	and	the	appearance	of	a	tumour.	During	

this	time,	the	initiated	cells	remain	latent	 in	the	absence	of	a	suitable	biological	environment	and	a	

small	number	of	 initiated	cells	are	genetically	programmed	 for	a	malignant	phenotype	 (Pierce	and	

Damjanov	 2006).	 	 Promotion	 occurs	 through	 a	 variety	 of	 non-mutagenic	 and	 non-carcinogenic	

compounds	which	select	for	or	stimulate	the	proliferation	of	 initiated	cells	to	form	benign	tumours	

(Perantoni	 2006).	 Examples	 of	 tumour	 promoters	 include	 oestrogens	 in	 breast	 cancers,	 as	well	 as	

androgens	 in	 prostate	 cancers;	 a	 chronic	 ulcer	 may	 also	 have	 a	 tumour	 promoter	 effect	 in	 the	

development	of	gastric	cancers	(Helmberg	2016).	

Progression	refers	to	a	gain	or	loss	of	a	tumour’s	character,	including	its	growth	rate,	ability	to	

metastasize,	 inability	 to	 respond	 to	 a	 hormone,	 differential	 function	 and	 morphological	 features.	

Huggins	 and	 Hodges	 (1941)	 first	 noted	 that	 prostate	 cancer	 in	 elderly	 dogs	 was	 dependent	 on	

androgens	and	antiandrogen	therapy	was	an	effective	treatment.	The	researchers	treated	men	with	

adenocarcinoma	of	the	prostate	by	castration	to	cease	production	of	testosterone.	These	patients	were	

bedridden	with	painful	metastases	and	deteriorating	spines,	but	after	castration	the	pain	was	relieved,	

their	spines	healed	and	the	patients	were	able	to	return	home.	However,	when	the	tumours	reappeared	

they	 progressed	 and	were	 no	 longer	 dependent	 on	 androgens,	 becoming	 insensitive	 to	 hormonal	

treatment	(Huggins	and	Hodges	1941;	Pierce	and	Damjanov	2006).	In	an	experiment	by	Greene	(1957),	
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tumours	from	rabbits	were	transplanted	into	guinea	pigs.	New	tumours	that	had	not	yet	metastasized	

in	rabbits	did	not	metastasize	in	the	guinea	pig	and	advanced	tumours	that	did	metastasize	in	the	rabbit	

also	metastasized	in	the	guinea	pig.	The	progression	stage	indicates	that	tumours	are	dynamic	and	

become	more	malignant	over	time	(Greene	1957;	Pierce	and	Damjanov	2006).	

2.3.1	CLINICAL	DIAGNOSIS	OF	NEOPLASMS	

The	medical	diagnosis	of	benign	and	malignant	tumours	is	based	on	empirical,	clinical	and	

pathological	analyses	and	is	performed	by	a	diagnostic	team	comprised	of	oncologists,	radiologists,	

surgeons	and	pathologists.	Unlike	in	palaeopathological	contexts,	clinicians	do	not	rely	on	macroscopic,	

gross	examination.	Instead,	emphasis	is	placed	on	the	microscopic.	Histologically,	the	nucleus	of	the	

neoplastic	cell	is	irregular,	larger	and	darker	in	colour	and	the	cytoplasm	is	smaller	and	also	irregular	

in	size	and	shape	(Stephens	et	al.	2009).	Clinicians	will	also	consider	the	age	and	sex	of	the	patient	and	

the	 symptoms	 and	 organs	 involved.	 Then	 a	 biopsy	 is	 taken	 and	 the	 tumour	 is	 graded	 and	 staged,	

assessing	 its	 size	 and	 spread	 into	 normal	 tissue;	 radiography	 and	 other	 forms	 of	 imaging	 such	 as	

computed	tomography	and	magnetic	resonance	are	also	employed	(Pierce	and	Damjanov	2006).	Noted	

general	symptoms	are	lack	of	energy	and	weight	loss	and	local	symptoms	include	hard	lumps,	ulcers	

that	do	not	heal,	persistent	coughing	with	blood,	localized	pain,	abnormal	bleeding	from	the	stomach,	

bowel,	bladder,	or	vagina	and	interference	with	organ	functions	(Stephens	et	al.	2009).		

2.4	PRIMARY	BONE	TUMOURS	

There	are	a	number	of	neoplastic	conditions	that	arise	from	bone	or	cartilage	(see	Tables	2.7-

2.8,	pages	44	and	47).	This	section	presents	an	overview	of	primary	benign	and	malignant	tumours	

and	 while	 not	 an	 exhaustive	 list,	 it	 will	 focus	 on	 those	 neoplasms	 that	 are	 the	 most	 frequently	

mentioned	 in	 the	 palaeopathological	 literature.	While	 clinical	 literature	will	 be	 referred	 to	 in	 this	

section	 for	medical	 definitions	 and	 descriptions,	 these	 sources	 lack	 adequate	 descriptions	 for	 the	

appearance	of	dry	bone	tumours.	To	compensate	for	this,	the	palaeopathological	literature	will	also	be	

referenced.	
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2.4.1	BENIGN	BONE	TUMOURS	

Osteoma	is	a	benign	neoplasm	originating	from	bone	and	is	generally	characterized	as	a	hard,	

smooth	lump,	less	than	2	cm	in	diameter	(Ortner	and	Putschar	1985;	Campanacci	2013).	Osteoma	can	

occur	anywhere	on	the	skeleton,	but	is	most	frequently	observed	on	the	outer	table	of	the	cranium,	

usually	on	the	frontal	and	parietal	bones	or	in	the	frontal	and	maxillary	sinuses	(Figures	2.7-2.10,	pages	

62-63).	This	tumour	typically	manifests	during	childhood	and	due	to	its	slow	growth	will	go	unnoticed	

until	adulthood;	an	osteoma	may	also	result	as	a	response	to	a	traumatic	event	(Campillo	2005).	An	

osteoma	is	often	asymptomatic	however,	in	exceptional	cases,	it	may	cause	intracranial	symptoms,	by	

eroding	 the	 wall	 of	 a	 sinus	 and	 placing	 it	 in	 contact	with	 epidural	 space	 (Campanacci	 2013).	 An	

enostosis,	 also	 known	 as	 a	 bone	 island,	 is	 characterized	 as	 a	 growth	 of	 cortical	 bone	 within	 the	

trabecular	 bone	 (Figure	 2.11,	 page	 64).	 This	 tumour	 is	 also	 asymptomatic	 and	 is	 usually	 found	

accidentally	when	radiographs	are	taken	for	other	medical	reasons.	It	is	most	common	in	adults,	with	

no	 predilection	 for	 sex	 and	 is	 usually	 found	 on	 the	 ossa	 coxae,	 femora	 and	 other	 long	 bones.	

Radiographically,	an	enostosis	appears	as	ovoid,	round	or	oblong	in	shape,	uniformly	dense	and	has	

brush-like	or	feathered	borders	(Greenspan	et	al.	2007).	Osteoid	osteoma	appears	from	late	childhood	

to	young	adult	age,	is	localized	on	the	proximal	femur,	tibia	and	humerus	and	is	small	in	size	(Figure	

2.12,	page	65)	(Campanacci	2013).	Clinically,	it	is	characterized	by	chronic	pain	that	is	independent	of	

the	 function	 of	 the	 anatomic	 site	 and	 it	 does	 not	 worsen	 through	 usage	 or	 lessen	 during	 rest	

(Campanacci	 2013).	The	 pain	 is	 not	always	 localized	 to	 the	 osteoid	 osteoma	 and	may	mislead	 the	

patient	to	think	that	it	is	a	joint	or	nerve	affliction,	such	as	sciatica	(Campanacci	2013).	On	a	radiograph	

(Figure	2.13,	page	66),	an	osteoid	osteoma	 is	 characterized	by	a	 small	 radiolucent	centre	or	nidus	

(Ortner	 2003;	Roberts	 and	Manchester	 2005).	Osteoblastoma	 or	 a	 giant	 osteoid	 osteoma	 is	 a	 rare	

tumour	that	is	most	common	in	males	less	than	20	years	of	age.	It	is	usually	found	in	the	spine,	with	

one	third	located	in	the	thoracic	and	lumbar	regions	(Aufderheide	and	Rodríguez-Martín	1998).	An	

osteoblastoma	causes	expansion	within	the	bone	and	radiographically	shows	lesions	of	either	a	lytic	

or	a	blastic	nature	(Figure	2.14,	page	67);	a	diagnosis	is	difficult	to	make	without	a	radiograph	because	

it	does	not	have	any	specific	characteristics	when	viewed	macroscopically	(Waldron	2009).	However,	

distinguishing	its	radiographic	appearance	from	that	of	osteoid	osteoma	can	also	be	difficult.	The	most	

useful	criterion	is	size,	as	an	osteoblastoma	will	be	greater	or	equal	to	2	cm,	compared	to	the	typically	

small	osteoid	osteoma	(Greenspan	et	al.	2007).		
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Osteochondroma	is	a	benign	tumour	arising	from	cartilage.	This	neoplasm	is	usually	diagnosed	

in	individuals	less	than	30	years	of	age	(Ortner	and	Putschar	1985;	Greenspan	et	al.	2007).	It	may	occur	

in	any	bone	that	develops	by	enchondral	ossification	and	has	a	limited	growth	period,	most	often	in	

childhood;	 like	osteoma	it	can	arise	spontaneously	but	it	can	also	occur	after	an	injury	(Ortner	and	

Putschar	1985;	Waldron	2009).	The	final	 shape	of	an	osteochondroma	is	greatly	 influenced	by	 the	

mechanical	 stress	 experienced	 by	 the	 bone,	 such	 as	 the	 pulling	 of	 the	 muscles	 and	 tendons.	 For	

example,	on	the	proximal	humerus	an	osteochondroma	tends	to	be	broad-based	and	bulky	(Figures	

2.15-2.16,	page	68)	(Ortner	and	Putschar	1985).	Symptoms	for	an	osteochondroma	include	painless	

swelling	and	pressure	on	the	adjacent	muscles,	nerves	and	blood	vessels.	In	rare	cases	this	neoplasm	

may	become	malignant	in	the	form	of	a	chondrosarcoma	(Waldron	2009).	An	enchondroma	can	occur	

as	 either	 single	 or	 multiple	 tumours.	 Single	 enchondromata	 most	 frequently	 occur	 in	 the	 hands,	

specifically	in	the	proximal	phalanges	with	a	preference	for	the	fifth.	These	tumours	are	asymptomatic	

and	have	a	characteristic	radiographic	appearance	where	the	lesion	is	 intramedullary	(Figure	2.17,	

page	 69)	 (Waldron	 2009).	 Multiple	 enchondromata,	 also	 known	 as	 enchondromatosis,	 have	

traditionally	been	classified	in	two	forms,	Ollier	Disease	and	Maffucci’s	Syndrome,	but	the	distinction	

between	them	has	become	no	longer	justifiable	and	it	is	now	thought	that	they	are	probably	one	and	

the	same	(Mellon	et	al.	1988).	Multiple	enchondromata	are	asymmetric,	affecting	the	femur,	tibia	and	

hands	 (Waldron	2009).	Chondroblastoma	 is	 found	 in	 the	epiphyses	of	 long	bones,	especially	 in	 the	

femora,	humeri	and	tibiae	(Figure	2.18,	page	70).	 It	 is	twice	as	common	in	males	than	females	and	

usually	occurs	in	the	second	and	third	decades	of	life.	A	chondroblastoma	can	cause	local	pain,	swelling,	

restriction	of	movement	and	can	become	malignant	with	widespread	metastasis	(Waldron	2009).	On	

a	radiograph,	a	chondroblastoma	is	located	eccentrically,	radiolucent,	well-defined	and	usually	with	a	

thin	sclerotic	rim	(Greenspan	et	al.	2007).	

Unicameral	or	simple	bone	cysts	comprise	solitary	cavities	that	are	filled	with	a	clear,	yellow	

fluid	(Greenspan	et	al.	2007).	They	are	commonly	found	in	the	long	bones,	notably	in	the	proximal	

diaphysis	of	the	femur	and	humerus,	but	 in	older	patients	they	can	occur	in	other	sites	such	as	the	

calcaneus,	 talus	and	 ilium.	A	 bone	 cyst	 can	 cause	 pain,	 joint	 stiffness,	 swelling	 and	could	 lead	 to	 a	

pathological	 fracture	(Waldron	2009).	Its	radiographic	appearance	is	that	of	a	ballooned,	 lytic	area,	

with	the	long	axis	parallel	to	the	long	axis	of	the	bone	(Figure	2.19,	page	71).	Periosteal	new	bone	and	
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cortical	thinning	can	also	be	present	(Waldron	2009).	Giant	cell	tumours	or	osteoclastoma	occur	in	

individuals	between	20-40	years	of	age	and	are	normally	found	in	the	long	bones.	This	tumour	destroys	

the	trabecular	and	cortical	bone	and	forms	a	new,	thin	periosteal	cortical	shell,	reinforced	by	ridges	on	

the	inner	surface	(Figure	2.20,	page	72)	(Ortner	and	Putschar	1985).	An	osteoclastoma	often	causes	

pain,	usually	felt	in	the	joint	and	also	limits	the	function	of	the	joint	according	to	its	proximity	to	it.	

Visible	 swelling	can	 also	 occur	 if	 the	 tumour	 forms	 in	 the	 superficial	 bones	 or	 those	with	 a	 small	

diameter	such	as	the	proximal	tibia,	distal	radius	and	ulna,	proximal	fibula,	metacarpals	and	phalanges	

(Campanacci	2013).	This	tumour’s	growth	is	largely	sporadic	and	unreliable	as	at	times	it	will	grow	

slowly	and	will	remain	self-contained	for	years,	while	in	other	cases	the	tumour	will	proliferate	and	

become	invasive	in	a	few	weeks	(Campanacci	2013).	Meningioma	is	a	benign	tumour	that	arise	from	

arachnoid	cap	cells,	which	are	specialized	cells	 in	arachnoid	granulations,	 small	protrusions	 of	 the	

arachnoid	mater	into	the	outer	membrane	of	the	dura	matter	of	the	brain	and	spinal	cord	(Black	1993;	

Waldron	 2009).	When	 the	meningioma	 invades	 the	 inner	 table	 of	 the	 cranium	 there	 is	 a	massive	

response	 of	 reactive	 bone	 in	 the	 form	 of	 radiating	 spicules	 projecting	 from	 the	 outer	 table	 of	 the	

cranium	 (Figure	 2.21,	 page	 73)	 (Ortner	 and	 Putschar	 1985).	 This	 type	 of	 neoplasm	 represents	

approximately	 20%	 of	 primary	 endocranial	 tumours	 and	 has	 a	 predilection	 for	 adult	 females;	

occasionally,	 an	 osteoma	can	 form	 the	 base	 of	 such	 tumours	 (Campillo	 2005).	Haemangioma	 is	 an	

asymptomatic	blood-related	tumour,	composed	of	newly	formed	blood	vessels	and	comprises	2%	of	

all	benign	skeletal	lesions	(Greenspan	et	al.	2007).	Based	on	its	anatomical	origin,	haemangioma	can	

be	classified	as:	intraosseous,	intracortical,	periosteal,	intra-articular,	intramuscular,	subcutaneous	or	

cutaneous.	The	tumour	is	further	subdivided	as	either	capillary	or	cavernous	based	on	the	size	of	the	

blood	vessels;	the	former	smaller	variety	occur	in	vertebrae	and	the	latter,	larger	variety,	occur	in	the	

cranium.	In	the	thoracic	vertebrae,	lesions	occur	in	the	bodies,	can	extend	into	the	laminae	and	rarely	

into	the	spinous	processes.	In	the	cranium,	haemangioma	develops	in	the	diploë	and	expands	toward	

the	outer	table,	which	presents	as	a	swelling	(Greenspan	et	al.	2007;	Waldron	2009).	On	a	radiograph,	

vertebral	 haemangioma	 has	 a	 pathognomonic	 presentation	 as	 either	 vertical	 striations	 (so-called	

‘corduroy’	pattern)	(Figure	2.22,	page	73)	or	as	multi-chambered	lytic	centres	(so-called	‘honeycomb’	

pattern)	(Greenspan	et	al.	2007).	The	non-ossifying	fibroma	is	derived	from	connective	tissue	cells,	such	

as	fibroblasts,	which	produce	a	collagenous	matrix.	While	not	a	true	neoplasm,	they	are	developmental	

defects	that	arise	in	the	trabeculae	of	the	long	bones	of	sub-adults,	most	often	in	the	femur	(Greenspan	
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et	 al.	 2007;	Waldron	2009).	 A	 non-ossifying	 fibroma	can	 consist	 of	multiple	 lesions	 in	 or	 near	 the	

metaphysis,	usually	seen	as	small	defects	in	the	distal	shaft,	with	scalloped,	sclerotic	margins	(Figure	

2.23,	page	74)	(Aufderheide	and	Rodríguez-Martín	1998;	Waldron	2009).	Finally,	a	teratoma	(Figure	

2.24,	page	74)	 is	a	germ	cell	neoplasm	that	develops	and	differentiates	 to	varying	degrees	 toward	

mature	epithelial	tissue	types	including	bone,	teeth,	hair,	gut	mucosa,	lung	and	cerebral	tissue	(Klaus	

and	Ericksen	2013).	Teratomata	that	form	mature	bone	and	teeth	are	commonly	of	ovarian	origin;	

testicular	teratoma	rapidly	become	malignant	and	fail	to	form	skeletal	elements	(Klaus	and	Ericksen	

2013;	Wasterlain	et	al.	2017).		
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Tumour	 Bone/Regional	Involvement	 Age	Predilection	 Sex	Predilection	
Osteoma	

Or	

Button	osteoma	
Or	

Ivory	osteoma	

Frontal	
Parietal	

Nasal/frontal/maxillary	sinuses	

Adult	(though	slow	
growth	suggests	

begins	in	childhood)	
Peaks	in	40s	and	50s	

M=F	

Osteoid	osteoma	
Diaphysis	of	long	bones	

Proximal	femur	–	mainly	neck	and	
intertrochanteric	region	

5-30	years	 M:F=2:1	

Osteoblastoma	
Or	

Giant	osteoid	osteoma	

Vertebrae	
Diaphysis	of	femur	and	tibia	

Adolescents	and	young	
adults	

M:F=2:1	

Enostosis	
Or	

Bone	island	

Ossa	coxae	
Femur	

Adults	 M=F	

Enchondroma	
Or	

Enchondromatosis	
Or	

Ollier	disease	
Or	

Maffucci	syndrome	

Hands	and	feet	
Femur	and	tibia	

20-30	years	 M=F	

Osteochondroma	
Or	

Osteocartilaginous	
exostosis	

Knees	are	common	(often	
symmetrical	involvement)	

Begins	in	childhood	
	

M:F=2:1	

Chondroblastoma	
Or	

Codman	tumour	
Epiphyses	of	long	bones	

Adolescents	and	young	
adults	

M:F=2:1	

Non-ossifying	fibroma	
Or	

Fibrous	cortical	defect	
Or	

Fibroxanthoma	
Or	

Histiocytic	
xanthogranuloma	

Femur	and	tibia	
Childhood	and	
adolescence	

M:F=2:1	

Giant	cell	tumour	
Or	

Osteoclastoma	
Long	bones	 20-40	years	 F:M=2:1	

Meningioma	
Cranial	vault	
Vertebrae	

20	years	
50-70	years	

F:M=2:1	

Haemangioma	
Cranium	
Vertebrae	

40-60	years	 F:M=2:1	

Bone	cyst	
Or	

Simple	bone	cyst	
Or	

Unicameral	bone	cyst	

Scapula	
Humerus	
Ossa	coxae	
Femur	
Patella	

Calcaneus	

All	ages	

<20	years	old	

M:F=3:1	
>20	years	old	

M=F	

Teratoma	 Gonads	 Adults	 M=F	
TABLE	2.7	AN	OVERVIEW	OF	BENIGN	SKELETAL	TUMOURS	HIGHLIGHTING	THEIR	SYNONYMS,	SKELETAL	INVOLVEMENT	AND	THEIR	
AGE	AND	SEX	PREDILECTIONS	(ORTNER	AND	PUTSCHAR	1985;	BONDY	AND	LIGON	1996;	GREENSPAN	ET	AL.	2007;	
AGHAJANZADEH	ET	AL.	2011;	CAMPANACCI	2013).		
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2.4.2	MALIGNANT	BONE	TUMOURS	

The	most	common	malignancy	of	bone	is	the	osteosarcoma	(Figure	2.25,	page	75).	In	modern	

classification	 systems	 more	 than	 10	 major	 types	 of	 osteosarcoma	 are	 recognized	 based	 on	 a	

combination	 of	 histological,	 radiographic	 and	 clinical	 data	 (Dorfman	 and	 Czerniak	 1995).	

Osteosarcoma	is	most	commonly	found	in	the	bones	of	the	knee	and	shoulder	and	occurs	between	10-

30	years	of	age,	more	commonly	in	males	(Ortner	and	Putschar	1985).	In	most	cases	an	osteosarcoma	

originates	at	the	metaphysis	and	progresses	through	the	cortex,	producing	large	soft-tissue	masses.	

However,	its	shape	and	appearance	is	dependent	on	the	location	within	the	bone	and	the	amount	of	

bone	being	produced	by	the	cancer	cells	(Waldron	2009).	From	its	onset,	this	malignancy	will	induce	

mild,	 infrequent	 pain	 that	 can	 become	 worsened	 through	 movement	 or	 mechanical	 function.	 If	

osteosarcoma	 metastasizes	 to	 the	 lungs,	 the	 patient	 will	 lose	 body	 weight	 and	 become	 anaemic	

(Campanacci	2013).	In	dry	bone	an	osteosarcoma	is	usually	seen	as	a	large	mass	of	bone,	often	with	

bony	spicules.	On	a	radiograph	the	tumour	will	appear	within	the	medullary	cavity	and	the	cortical	

bone;	a	‘sunburst’	or	‘onionskin’	appearance	may	be	present,	but	the	absence	of	one	should	not	rule	

out	 the	 possibility	 of	 its	 diagnosis	 (Figure	 2.26,	 page	 76)	 (Waldron	 2009).	 Chondrosarcoma	 is	 a	

malignant	tumour	formed	within	the	cartilage	that	may	develop	de	novo	or	from	an	existing	benign	

chondroma	 (Figure	 2.27,	 page	 76).	 It	 is	 most	 common	 in	 the	 long	 bones	 and	 pelvis	 and	 appears	

between	30-60	years	of	age,	more	often	in	males	than	in	females.	 If	these	tumours	originate	in	the	

medullary	cavity	they	are	called	primary	chondrosarcoma,	but	if	they	originate	on	the	bone	surface	

they	are	referred	to	as	a	secondary	chondrosarcoma	(Greenspan	et	al.	2007;	Waldron	2009).	A	primary	

chondrosarcoma	 is	known	 for	 the	severe	pain	 that	 it	 causes	but	has	 little	mass,	while	a	 secondary	

chondrosarcoma	is	asymptomatic	despite	its	large	mass	(Greenspan	et	al.	2007).	Regardless	of	being	

primary	or	secondary,	this	cancer	can	grow	to	considerable	size,	erode	bone	cortex	and	survival	rates	

are	 poor	 if	 it	 metastasizes	 to	 other	 organs	 (Waldron	 2009).	 Fibrosarcoma	 is	 a	 rare	 malignancy	

originating	in	the	collagen.	This	cancer	is	predilected	for	individuals	between	20-60	years	of	age	and	is	

usually	found	in	the	knee	or	the	pelvis	(Waldron	2009).	A	fibrosarcoma	is	characterized	by	interlacing	

bundles	 of	 collagen	 fibres	 and	 spindle-shaped	 tumour	 cells.	 Common	 symptoms	 include	 pain	 and	

swelling	 which	 range	 in	 duration	 from	 a	 few	 weeks	 to	 several	 months	 (Greenspan	 et	 al.	 2007).	

Macroscopically,	a	fibrosarcoma	lesion	is	large	and	destructive	and	radiographically	they	present	as	

lytic	areas	with	little	to	no	sclerotic	activity	(Figure	2.28,	page	77)	(Waldron	2009).	
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Multiple	myeloma	results	from	the	accelerated	growth	of	plasma	cells	 in	the	blood-forming	

tissue	of	bone	marrow	and	is	therefore	most	commonly	found	in	the	axial	skeleton	and	the	cranium	

(Figures	2.29-2.30,	pages	78-79)	(Greenspan	et	al.	2007).	Multiple	myeloma	occurs	equally	in	males	

and	females,	and	is	predilected	between	50-60	years	of	age.	The	initial	symptom	is	pain,	which	worsens	

during	 the	 day,	 is	 enhanced	 by	 activity	 and	 can	 be	 initially	mistaken	 for	 sciatica	 before	 a	 clinical	

diagnosis	 is	 made.	 Other	 symptoms	 include	 malaise,	 fatigue,	 weight	 loss,	 fever	 and	 bone	 pain	

(Greenspan	 et	 al.	 2007).	 Osteolytic	 lesions	 are	 typically	 found	 on	 radiograph	 and	 they	 tend	 to	 be	

circular,	of	varying	sizes	and	particularly	numerous	in	the	cranium	(Roberts	and	Manchester	2005).	

Leukaemia	is	a	malignancy	of	the	blood,	which	affects	white	blood	cells	and	arises	in	the	bone	marrow,	

replacing	 it	with	neoplastic	 cells	 (Levesque	 et	al.	1998).	This	 cancer	 is	classified	as	either	acute	or	

chronic,	the	latter	of	which	is	only	present	in	adults,	but	acute	leukaemia	can	occur	at	any	age	with	a	

small	peak	of	incidence	in	children	under	five	years	of	age	(Waldron	2009).	Skeletal	changes	are	more	

extensive	in	acute	leukaemia	than	in	the	chronic	variant	and	are	therefore	more	often	seen	in	children	

than	 in	 adults	 (Figure	 2.31,	 page	 80).	 These	 changes	 include	 osteopenia,	 lytic	 lesions	 with	 new	

periosteal	bone	formation,	as	well	as	transverse	metaphyseal	bands	of	diminished	bone	density	and	

dense	 transverse	 metaphyseal	 lines	 caused	 by	 growth	 arrest;	 osteoblastic	 changes	 are	 unusual	

(Rothschild	 et	 al.	 1997;	 Rubens	 and	 Mundy	 2000;	Waldron	 2009).	 Klaus	 (2016)	 expanded	 these	

characteristics	to	include	pitting/porosity	without	marginal	reaction	or	inflammatory	response.	
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Tumour	 Bones/Regional	
Involvement	 Age	Predilection	 Sex	Predilection	

Osteosarcoma	

Distal	femoral	metaphysis	

Proximal	tibia	and	
humerus	

Adolescence	 M:F=3:2	

Chondrosarcoma	
Metaphyses	of	long	bones	

Ossa	coxae	

Late	adolescence	to	
adulthood	

M:F=2:1	

Myeloma	

Or	

Multiple	Myeloma	

Or	

Plasmacytoma	

Cranium	

Ribs	

Sternum	

Vertebrae	

Ossa	coxae	

>50	years	 M=F	

Fibrosarcoma	

Ossa	coxae	

Femur	

Tibia	

20-60	years	 M=F	

Leukaemia	

Adults:	

Cranium	

Ossa	coxae	

Proximal	humerus	

Femur	

Children:	

Rapidly	growing	regions	
of	long	bones	

All	ages	 M=F	

TABLE	2.8	AN	OVERVIEW	OF	MALIGNANT	TUMOURS	HIGHLIGHTING	THEIR	SYNONYMS,	SKELETAL	INVOLVEMENT	AND	THEIR	AGE	
AND	SEX	PREDILECTIONS	(ORTNER	AND	PUTSCHAR	1985;	KAHN	AND	VIGORITA	2002;	MARTINEZ-TELLO	ET	AL.	2002;	
RAYMOND	ET	AL.	2002;	GREENSPAN	ET	AL.	2007;	FLETCHER	ET	AL.	2011;	CAMPANACCI	2013).	
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2.5	EPIDEMIOLOGY	OF	NEOPLASTIC	DISEASE	

2.5.1	A	BRIEF	OVERVIEW	OF	EPIDEMIOLOGICAL	TERMS	AND	METHODS	

	 Epidemiology	 is	 the	 study	 of	 the	 distribution	 and	determinants	 of	 health-related	 states	 or	

events	in	specified	populations	 (Last	1995;	dos	Santos	Silva	1999).	 It	 is	distinguished	from	clinical	

studies	by	its	focus	on	populations	or	groups	of	people,	rather	than	separate	individuals.	In	regard	to	

neoplastic	disease,	a	primary	aim	of	epidemiology	is	to	describe	the	occurrence	of	neoplasms	in	groups	

of	people,	noting	differences	 in	various	factors,	 such	as,	 sex,	age,	 socioeconomic	status,	occupation,	

geographic	regions	and	time	periods	(dos	Santos	Silva	1999).		

	 There	are	two	main	types	of	epidemiological	enquiry:	interventional	and	observational.	As	the	

name	 suggests,	 in	 interventional	 studies	 the	 investigator	 takes	 an	 active	 role	 and	 organizes	 study	

participants	into	pre-defined	sub-groups.	Interventional	studies	include	clinical	trials,	where	the	aim	

is	to	assess	new	forms	of	treatment	and	field	trials,	where	the	aim	is	to	evaluate	whether	the	imposed	

intervention	 decreases	 the	 risk	 of	 cancer	 among	 disease-free	 people	 (dos	 Santos	 Silva	 1999).	 In	

contrast,	researchers	in	an	observational	study	occupy	a	passive	role	and	monitor	disease	occurrence	

in	the	pre-existing	or	natural	segregations	of	a	population.	Observational	studies	can	be	characterized	

as	cohort	studies,	routine-data	based	studies,	case-control	studies	or	cross-sectional	surveys.	A	cohort	

study	compares	the	occurrence	of	disease	within	a	particular	group	over	a	given	period	of	time	and	a	

routine-data	based	study	uses	data	derived	from	cancer	registries	(dos	Santos	Silva	1999;	Tobias	and	

Hochhauser	 2010).	 Case-control	 studies	 are	 used	 to	 determine	 if	 there	 is	 a	 connection	 between	 a	

variable	or	a	putative	risk	factor	by	comparing	a	group	of	people	with	a	disease	(the	cases)	and	a	group	

without	 the	 disease	 (the	 control)	 (dos	 Santos	 Silva	 1999;	 Tobias	 and	Hochhauser	 2010).	 A	 cross-

sectional	 survey	uses	a	 selected	sample	of	 subjects	from	a	defined	population	and	collects	data	on	

exposure(s)	and	outcome(s)	simultaneously	at	a	single	point	in	time	(dos	Santos	Silva	1999).	

	 Regardless	of	the	type	of	epidemiological	study,	whether	it	be	interventional	or	observational,	

the	focus	is	on	two	principal	measures	of	occurrence:	prevalence	and	incidence.	Prevalence	measures	

the	proportion	of	a	defined	group	having	a	disease	condition	at	a	 single	point	 in	 time	 (Tobias	and	

Hochhauser	 2010).	 This	 measure	 has	 no	 temporal	 bounds	 and	 thus,	 includes	 all	 existing	 cases,	

regardless	of	when	the	disease	began.	A	high	prevalence	might	suggest	high	incidence	or	prolonged	
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survival	without	cure	or	both,	whereas	low	prevalence	may	suggest	 low	incidence,	swift	 fatality	or	

swift	recovery	(Centers	for	Disease	Control	2012).	This	is	the	only	measure	of	occurrence	that	can	be	

obtained	from	a	cross-sectional	survey	and	it	gauges	the	burden	of	disease	in	a	population	(dos	Santos	

Silva	1999).	In	epidemiology	the	burden	of	disease	is	defined	as	the	absolute	number	of	cases,	deaths,	

survivors	and	economic	costs	in	a	population	(Jemal	et	al.	2017).	If	the	entire	population	is	used	as	the	

denominator	 to	 calculate	 prevalence,	 this	 will	 result	 in	 a	 crude	 prevalence.	 However,	 the	 crude	

prevalence	 does	 not	 take	 into	 consideration	 the	 demographic	 differences	 in	 the	 groups	 being	

compared,	 thus	 stratum-specific	 prevalence	 can	also	 be	calculated	 for	 sub-groups	 (dos	 Santos	 Silva	

1999;	Waldron	2007).	Incidence	measures	the	proportion	of	new	cases	that	develop	in	a	population	

over	a	specified	time	period	(Tobias	and	Hochhauser	2010).	
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Incidence	can	be	calculated	in	three	ways:	risk,	odds	and	incidence	rate.	Risk	is	the	average	

probability	that	individuals	in	a	population	will	be	diagnosed	with	or	die	from	some	specified	form	of	

cancer	during	a	defined	time	interval	(Jemal	et	al.	2017).	Odds	is	a	ratio	of	the	probability	of	getting	the	

disease	to	the	probability	of	not	getting	the	disease	during	a	given	time	period.	However,	risk	and	odds	

do	 not	 acknowledge	 the	 fluctuation	 of	 the	 structure	 of	 a	 population	 over	 time	 via	 birth,	 death	 or	

migration,	resulting	in	the	possibility	that	study	participants	may	enter	or	leave	a	study	at	different	

points	during	the	investigation,	thus	not	everyone	may	be	observed	for	the	same	period	of	time.	To	

compensate	for	this,	epidemiologists	calculate	the	incidence	rate	by	employing	a	denominator	referred	
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to	as	person-years	at	risk,	which	represents	the	total	number	of	time	each	individual	was	at	risk	while	

under	 observation	 (i.e.	 the	 number	 of	 years	 between	 the	 individual	 entering	 the	 study	 and	 either	

developing	the	disease	or	dying).	The	incidence	rate	accounts	for	the	differences	in	person-years	risk	

(dos	Santos	Silva	1999;	Waldron	2007).		
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To	 quantify	 the	 association	 between	 exposure	 and	 outcome,	 epidemiologists	 compare	 the	

frequency	of	disease	in	a	group	that	was	exposed	to	a	putative	factor	versus	the	group	that	was	not	

exposed.	Three	types	of	measure	are	used	to	estimate	the	magnitude	of	association	between	exposure	

and	outcome,	which	indicates	how	much	more	likely	the	exposed	group	is	to	develop	the	disease	than	

the	unexposed	group	(dos	Santos	Silva	1999).	Collectively	called	relative	risk,	the	three	measures	are:	

risk	ratio,	rate	ratio	and	odds	ratio.		
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If	the	value	of	relative	risk	is	equal	to	1.0,	this	indicates	the	frequency	of	disease	in	the	exposed	

and	unexposed	groups	is	identical	and	the	putative	factor	does	not	affect	the	outcome.	If	the	value	is	

greater	than	1.0,	this	 indicates	a	positive	association	with	the	putative	factor	and	an	increased	risk	

among	the	exposed	group.	A	value	less	than	1.0	indicates	a	negative	association	with	the	putative	factor	

and	a	decreased	risk	among	the	exposed	group	(dos	Santos	Silva	1999;	Szumilas	2010).	

Ninety-five	 percent	 confidence	 intervals	 are	 employed	 by	 epidemiologists	 to	 indicate	 the	

precision	or	imprecision	of	proportions,	rates	and	ratios	when	drawing	inferences	from	a	sample	group	

for	a	larger	population	(Gardner	and	Altman	2000b;	Centers	for	Disease	Control	2012).	A	confidence	

interval	 produces	 an	 upper	 and	 lower	 range	 of	 values	 that	 are	 plausible	 for	 the	 population	 and	

represents	the	range	between	which	the	estimate	of	frequency	would	lie	in	95	of	a	100	trials	(Gardner	

and	Altman	2000a;	Souza	 et	al.	2003).	A	 large	or	wide	confidence	 interval	 indicates	a	 low	 level	of	

precision,	while	a	 small	or	narrow	confidence	 interval	 indicates	a	high	 level	of	precision	(Szumilas	

2010;	Centers	for	Disease	Control	2012).	If	the	95%	confidence	intervals	are	compared	and	the	ranges	

do	not	overlap,	it	can	be	said	that	there	is	a	statistically	significant	difference	at	a	significance	level	of	

p<0.05	(Waldron	2007).		

Modern	epidemiological	data	is	collected	in	numerous	ways,	including	personal	 interviews,	

questionnaires,	 behavioural	 diaries	 and	 national	 or	 institutional	 records	 (i.e.	 death	 certificates,	

hospital	records,	etc…).	Another	source	of	neoplastic	epidemiological	data	are	cancer	registries.	These	

organizations	 are	 established	 throughout	 the	 world	 and	 provide	 systematic	 collection,	 storage,	

analysis,	interpretation	and	reporting	of	epidemiological	cancer	data	(dos	Santos	Silva	1999).	Cancer	

registries	are	either	hospital	or	population-based.	Hospital-based	cancer	registries	are	concerned	with	

recording	information	of	cancer	patients	within	a	particular	hospital	and	the	data	they	collect	is	used	

mainly	 for	 administrative	 purposes	 and	 reviewing	 clinical	 performance.	 Population-based	 cancer	

registries	 collect	 data	 on	 all	 new	 cases	 occurring	 in	 a	 defined	 population,	 such	 as	 a	 country	 or	

geographic	region.	The	main	objective	of	a	population-based	cancer	registry	is	to	produce	statistics	on	

the	 occurrence	 of	 cancer	 in	 a	 defined	 population	 and	 to	 provide	 a	 framework	 for	 evaluating	 and	
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monitoring	cancer	impact	(dos	Santos	Silva	1999).	Normally,	registries	are	notified	of	new	cases	once	

a	 diagnosis	 has	 been	 made	 in	 hospital	 or	 if	 it	 is	 listed	 on	 a	 death	 certificate.	 The	 quality	 of	

epidemiological	data	from	cancer	registries	varies	between	countries	and	regions	due	to	incomplete	

information,	 changing	 patterns	 of	 registration	 and	 diagnosis,	 the	 introduction	 of	 screening	

programmes	and	improved	treatment	(Tobias	and	Hochhauser	2010).	

2.5.2	NEOPLASTIC	DISEASE	IN	RELATION	TO	AGE	AND	SEX	

	 Advanced	old	age	is	a	strong	risk	factor	for	neoplastic	development.	Overall,	the	incidence	rate	

for	cancers	more	than	doubles	with	each	decade	increase	in	age	and	as	such,	the	number	of	people	

affected	by	or	dying	from	neoplasia	increases	as	the	population	ages	(Jemal	et	al.	2017).	Neoplasms	

that	affect	children	are	often	in	tissues	that	divide	and	grow	more	rapidly	in	early	life	including,	brain,	

nerve	and	blood-forming	cells,	as	well	as	bone	(Stephens	et	al.	2009).	Infants	and	children	less	than	

five	years	of	age	are	at	risk	of	developing	retinoblastoma,	a	cancer	of	the	eye	and	neuroblastoma	and	

medulloblastoma,	cancers	of	 the	nerves	and	brain,	but	 these	are	 rare	 (Stephens	 et	al.	2009).	Acute	

leukaemia	is	also	more	likely	in	children	and	adolescents,	while	teenagers	and	young	adults	have	a	

higher	incidence	of	osteosarcoma	and	lymphoma	than	do	adults.	Testicular	cancer	occurs	more	often	

in	men	less	than	40	years	of	age,	with	a	peak	incidence	at	25	years	old,	while	in	women,	ovarian	and	

cervical	cancers	occur	most	often	between	40-60	years	of	age	(Stephens	et	al.	2009).	Carcinoma	of	the	

lung	is	more	common	where	smoking	is	widespread	and	also	occurs	between	40-60	years	of	age.	Breast	

cancer	may	affect	women	of	any	age	but	risk	increases	after	30	years	of	age,	with	an	average	age	of	

onset	at	about	60	years	of	age	(Stephens	 et	al.	2009).	Stomach	and	colorectal	cancers	have	a	peak	

between	60-75	years	of	age.	Lastly	in	men,	cancer	of	the	prostate	is	most	often	seen	after	50	years	of	

age,	commonly	affecting	those	over	65	years	of	age;	almost	all	men	who	reach	90	years	of	age	will	

present	at	least	low-grade	prostate	cancer	cells	in	situ	(Stephens	et	al.	2009).	Skeletal	neoplasms	have	

an	age-related	presentation	with	malignancies	having	two	age-specific	peaks	in	frequency.	The	first	

peak	is	in	the	second	decade	of	life	and	the	second	is	in	the	sixth	decade	of	life.	Osteosarcoma	is	noted	

in	 both	 of	 these	 age	 periods,	while	 chondrosarcoma	 is	more	 frequent	 in	 later	 age.	 Benign	 skeletal	

tumours	most	often	manifest	in	the	first	and	second	decades	of	life	(Hauben	and	Hogendoorn	2015;	

Mirabello	et	al.	2017).	
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In	regard	to	sex,	the	incidence	and	death	rates	for	almost	all	types	of	malignancy	that	affect	

both	sexes,	are	higher	for	men	than	for	women	(Table	2.9,	page	54)	(Jemal	et	al.	2009;	Jemal	et	al.	

2017).	Laryngeal	carcinoma	is	the	most	extreme	example	of	the	stark	difference	between	the	two	sexes,	

as	incidence	in	males	is	approximately	five	times	higher	than	in	women	(Jemal	et	al.	2009).	The	reasons	

for	increased	neoplastic	risk	in	males	are	still	not	well	understood,	but	 it	may	reflect	differences	in	

environmental	exposures,	endogenous	hormones	and	the	complex	interactions	between	these	factors	

(Siegel	et	al.	2017).	However,	there	are	a	few	exceptions	where	female	incidence	is	higher,	namely	in	

carcinoma	of	 the	 breast,	 thyroid	and	 gallbladder	 (Jemal	 et	 al.	 2009).	 In	 regard	 to	 primary	 skeletal	

malignancies,	there	is	not	as	marked	a	difference	in	incidence	between	males	and	females	as	there	is	

for	soft-tissue	cancers	(Hauben	and	Hogendoorn	2015).	While	male	incidence	rates	tend	to	be	slightly	

higher	 for	 skeletal	malignancies,	 such	as	osteosarcoma	and	some	benign	skeletal	 tumours,	 such	as	

osteochondroma,	 the	 male	 to	 female	 ratio	 offers	 little	 diagnostic	 contribution	 (Hauben	 and	

Hogendoorn	2015).		
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	 	 INCIDENCE	

	 Sex	 Rate	
Rate	
Ratio	
(M:F)	

95%	
Confidence	
Interval	

All	Sites	 Female	 418.5	
1.2	 1.22-1.23	

Male	 512.1	

Oral	Cavity	
and	

Pharynx	

Female	 6.3	
2.7	 2.69-2.75	

Male	 17.2	

Oesophagus	 Female	 1.8	
4.5	 4.44-4.6	

Male	 8.1	

Stomach	 Female	 4.6	
2.0	 1.97-2.02	

Male	 9.2	

Colon	and	
Rectum	

Female	 35.6	
1.3	 1.31-1.32	

Male	 46.9	

Liver	 Female	 4.0	
2.9	 2.89-2.96	

Male	 11.8	

Gallbladder	 Female	 1.4	
0.6	 0.59-0.62	

Male	 0.8	

Pancreas	 Female	 10.9	
1.3	 1.28-1.3	

Male	 14.1	

Larynx	 Female	 1.4	
4.5	 4.39-4.57	

Male	 6.2	

Lung	and	
Bronchus	

Female	 53.5	
1.4	 1.40-1.41	

Male	 75.0	

Urinary	
Bladder	

Female	 8.9	
4.1	 4.02-4.08	

Male	 36.2	

Kidney	 Female	 11.3	
1.9	 1.90-1.93	

Male	 21.7	

Brain	 Female	 5.6	
1.4	 1.37-1.40	

Male	 7.8	

Thyroid	 Female	 20.8	
0.3	 0.34-0.34	

Male	 7.0	
TABLE	2.9	SEX	DIFFERENCES	IN	CANCER	INCIDENCE	IN	THE	UNITED	STATES	FROM	2009	TO	2013	(SIEGEL	ET	AL.	2017).	
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2.5.3	NEOPLASTIC	DISEASE,	LIFESTYLE	AND	SOCIOECONOMIC	STATUS	

Apart	from	age	and	sex,	neoplastic	disease	and	other	health	risks	can	vary	due	to	individual	or	

population	 socioeconomic	 status,	which	may	be	measured	 by	 a	combination	 of	education,	 income,	

wealth	or	occupation	(Thun	et	al.	2011;	Kroenke	and	Kawachi	2017).	Generally,	individuals	from	low	

socioeconomic	 groups	 experience	 worse	 health	 outcomes	 than	 those	 from	 higher	 socioeconomic	

groups.	This	phenomenon	is	referred	to	as	the	socioeconomic	health	gradient,	as	there	are	no	strict,	

observable	levels	or	thresholds	(Kroenke	and	Kawachi	2017).	At	each	level	of	a	population’s	social	

hierarchy,	 individuals	 experience	 better	 health	 compared	 to	 those	 immediately	 below	 them,	 even	

among	modern	groups	considered	‘middle’	or	‘upper’	class	(Kroenke	and	Kawachi	2017).	In	regard	to	

neoplasms,	 economic	 and	 social	 development	 affects	 neoplastic	 risk	 and	 burden.	 For	 instance,	

improvements	in	sanitation,	nutrition	and	treatment	can	reduce	the	occurrence	of	malignancies	caused	

by	infections	agents	such	as	carcinomata	of	the	stomach,	liver	and	uterine	cervix	(Jemal	et	al.	2017).	

However,	the	socioeconomic	health	gradient	is	not	always	consistent	with	neoplastic	 incidence	and	

mortality	as	it	is	with	other	medical	conditions,	such	as	cardiovascular	disease.	This	is	due	to	three	

reasons,	 the	 first	 of	 which	 is	 the	 heterogeneity	 of	 association	 between	 socioeconomic	 status	 and	

specific	 neoplastic	 sites	 (Kroenke	 and	 Kawachi	 2017).	Neoplasms	 vary	 in	 their	 aetiology	 and	 risk	

factors	and	some	of	these	factors	may	be	unrelated	to	one’s	socioeconomic	status,	such	as	age	and	sex.	

The	second	reason	for	the	inconsistency	with	neoplasia	and	the	socioeconomic	health	gradient	is	the	

length	of	time	between	exposure	to	low	socioeconomic	conditions	and	cancer	development	(Kroenke	

and	Kawachi	2017).	The	third	reason	is	the	lack	of	knowledge	regarding	the	aetiology,	screening	and	

treatment	 for	 various	 types	 of	 malignancy,	 such	 as	 pancreatic	 or	 ovarian	 cancers	 (Kroenke	 and	

Kawachi	2017).	

The	contrast	in	neoplastic	risk	and	burden	between	lower	and	higher	socioeconomic	status	is	

observed	 between	 developing	 and	 developed	 countries.	 Lung,	 breast,	 prostate,	 colorectal	 and	

pancreatic	cancers	are	more	common	in	developed	countries	and	people	from	there	are	twice	as	likely	

to	develop	cancers	of	the	skin,	uterus,	ovary,	bladder,	kidney,	testis	and	brain,	as	well	as	lymphoma,	

leukaemia	and	multiple	myeloma	(Stephens	et	al.	2009).	In	contrast,	in	developing	countries,	cancers	

of	the	oesophagus	and	liver	are	more	likely	and	nasopharyngeal	cancer	is	twice	as	likely	to	occur	than	

in	developed	nations;	this	 is	all	due	to	a	conglomeration	of	genetics,	diet,	environment	and	cultural	
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practices	(Stephens	et	al.	2009).	Immigration	and	emigration	have	also	been	observed	to	affect	the	risk	

of	cancer	incidence,	as	migrants	and	their	descendants	tend	to	assume	cancer	rates	of	their	adopted	

country.	For	example,	after	immigrating	to	the	United	States	and	undergoing	a	marked	dietary	change,	

Japanese	immigrants	experience	a	decrease	in	gastric	cancer	rates,	which	continues	to	decrease	with	

each	new	generation	(Perantoni	2006).		

2.5.4	MODERN	NEOPLASTIC	EPIDEMIOLOGICAL	STATISTICS	

Neoplastic	disease	is	found	in	all	parts	of	the	world.	Over	the	past	century	there	have	been	

shifts	 in	global	neoplasm	patterns	due	 to	changes	 in	 lifestyle,	 longer	 life	expectancy	and	 increased	

carcinogenic	habits,	such	as	smoking	(Hesketh	2013).	In	2012	there	were	approximately	14	million	

new	global	 cancer	cases	 and	by	 2030	 it	 is	estimated	 that	 this	 figure	will	 reach	 23	million	 (Cancer	

Research	UK	2018c).	European	and	North	American	cancer	cases	contribute	40%	to	the	global	burden,	

and	over	half	of	new	cancer	cases	come	from	developing	countries	(Hesketh	2013).	In	Europe,	cancer	

death	rates	are	higher	in	Eastern	European	countries,	while	overall	global	cancer	incidence	is	highest	

in	 the	 United	 States	 for	 both	 men	 and	 women	 (Hesketh	 2013).	 In	 general,	 the	 most	 common	

malignancies	are	carcinoma	of	 the	 lung,	breast,	 colon,	 rectum,	stomach,	 cervix	and	prostate	 (Table	

2.10).	Lung	cancer	has	the	highest	number	of	deaths	in	the	United	States,	the	United	Kingdom	and	

worldwide.	The	second	highest	number	of	deaths	due	to	malignancy	is	different	among	these	three	

regions	with	prostate	cancer	in	the	United	States,	colon	cancer	in	the	United	Kingdom	and	stomach	

cancer	worldwide	 (Hesketh	 2013).	 In	 contrast,	 the	 incidence	 of	 primary	 skeletal	 tumours	 is	 low.	

Skeletal	malignancies	globally	account	for	0.2%	of	all	new	reported	cases	and	0.3%	of	all	cancer	deaths	

(Hauben	and	Hogendoorn	2015).	Between	2001	and	2012,	there	were	9,418	cases	of	reported	primary	

skeletal	 malignancy,	 with	 osteosarcoma	 being	 the	 most	 common,	 followed	 by	 chondrosarcoma	

(Mirabello	et	al.	2017).	The	incidence	of	benign	bone	tumours	is	considered	to	be	higher	than	their	

malignant	counterparts,	although	this	is	debated	due	to	their	asymptomatic	presentation	and	difficult	

detection	(Hakim	et	al.	2015;	Hauben	and	Hogendoorn	2015).		

	 	



	 57	

Carcinoma	 Number	of	Cases	

Lung	 1,800,000	

Breast	 1,700,000	

Colorectal	 1,400,000	

Prostate		 1,100,000	

Stomach		 950,000	

Liver	 780,000	

Cervix	and	Uteri	 530,000	

Oesophagus	 460,000	

Bladder	 430,000	

TABLE	2.10	NUMBER	OF	CANCER	CASES	WORLDWIDE	IN	2012	(INTERNATIONAL	AGENCY	FOR	RESEARCH	ON	CANCER	2018B).	

	

2.6	CONCLUSION	

Oncology	is	a	discipline	that	encompasses	but	is	not	limited	to,	genetics,	cellular	biology	and	

epidemiology.	Due	to	this,	it	is	not	possible	to	fully	explore	this	subject	in	its	entirety	within	the	limits	

of	this	chapter	and	thesis.	Instead,	attention	has	been	given	to	the	aetiology	of	neoplasms	with	focus	

on	 the	 genetic	 basis	 of	 cancer	 formation,	 as	 well	 as	 the	 role	 of	 carcinogens.	 Neoplastic	 cellular	

characteristics,	 cancer	epidemiology	 and	 the	 various	 forms	 of	 primary	 benign	 and	malignant	 bone	

tumours	have	also	been	reviewed.	The	aim	of	 this	chapter	was	 to	provide	a	clinical	 foundation	 for	

neoplasia	so	that	its	processes	could	be	understood	in	a	palaeopathological	context.	By	understanding	

neoplastic	 aetiology	 in	 regard	 to	 the	 genetics	 and	 the	 role	 of	 carcinogens,	 palaeopathological	 and	

palaeoepidemiological	investigations	can	have	a	stronger	bearing	on	bioarchaeological	research.		

Advances	in	modern	oncology	in	regard	to	treatment,	epidemiology	and	aetiology,	have	mainly	

been	products	 of	 the	 20th	 and	21st	 centuries.	 As	 a	 result,	 knowledge	 of	 neoplasia,	malignancy	 and	

tumours	in	both	the	clinical	and	public	spheres	is	relatively	new	but	well	established.	For	instance,	data	

regarding	the	role	of	carcinogenic	substances	in	neoplastic	formation	have	influenced	health	policies	

and	regulated	substances,	such	as	tobacco,	are	required	to	warn	consumers	of	the	increased	risk	of	

cancer.	However,	less	than	50	years	ago,	smoking	in	places	such	as	hospitals	was	commonplace	and	
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socially	acceptable.	A	century	ago,	tumour	aetiology	and	formation	were	unknown	due	to	lacking	an	

awareness	 of	 DNA	 and	 genetic	mutations.	 The	 following	 chapter	will	 review	 neoplasia	 in	 history,	

starting	in	antiquity,	leading	on	to	the	Middle	Ages,	early	modern	and	modern	periods.	It	will	highlight	

the	 various	 hypotheses	 attributed	 to	 neoplastic	 formation	 and	 the	 historical	 perceptions	 that	

accompanied	the	disease	and	those	who	suffered	from	it.		
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FIGURE	2.1	METASTATIC	OSTEOLYTIC	LESIONS	ON	THE	CRANIUM	(LIEVERSE	ET	AL.	2014:	9).	
	

	
FIGURE	2.2	METASTATIC	OSTEOLYTIC	LESIONS	ON	THE	PARIETAL	(ORTNER	2003:	534).	
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FIGURE	2.3	METASTATIC	OSTEOBLASTIC	LESION	ON	A	RIB	(ANDERSON	ET	AL.	1992:	312).	
	

	

	
FIGURE	2.4	METASTATIC	OSTEOBLASTIC	LESIONS	ON	THE	OS	COXAE	(ORTNER	2003:	536).	
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FIGURE	2.5	RADIOGRAPH	OF	AN	OS	COXAE	WITH	EXTENSIVE	OSTEOBLASTIC	METASTASES	(ANDERSON	ET	AL.	1992:	315).	
	
	

	
FIGURE	2.6	METASTATIC	OSTEOLYTIC	AND	OSTEOBLASTIC	LESIONS	OF	THE	OSSA	COXAE	(LIEVERSE	ET	AL.	2014:	11).	
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FIGURE	2.7	A	CLUSTER	OF	OSTEOMATA	ON	THE	CRANIAL	VAULT	(STEINBOCK	1976:	328).	
	

	
FIGURE	2.8	A	LARGE	OSTEOMA	ON	THE	LEFT	PARIETAL	(STEINBOCK	1976:	329).	
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FIGURE	2.9	LATERAL	VIEW	OF	A	CRANIAL	OSTEOMA.	NOTICE	HOW	THE	TUMOUR	HAS	GROWN	OUT	FROM	THE	CORTEX	AND	THE	
REMAINING	BONE	IS	UNAFFECTED	(BROTHWELL	2008:	262).	
	

	
FIGURE	2.10	A	RADIOGRAPH	OF	A	LARGE	OSTEOMA	ON	THE	PARIETAL.	NOTICE	HOW	IT	IS	COMPOSED	COMPLETELY	OF	CORTICAL	
BONE	AND	DOES	NOT	PENETRATE	THE	CRANIUM	(CHHEM	ET	AL.	2008:	109).	
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FIGURE	2.11	AN	ENOSTOSIS	IN	THE	FEMORAL	NECK	(GREENSPAN	ET	AL.	2007:	54).	
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FIGURE	2.12	AN	OSTEOID	OSTEOMA	IN	MACROSCOPIC	(A)	AND	RADIOGRAPHIC	VIEW	(B).	NOTICE	THE	CHARACTERISTIC	
RADIOLUCENT	NIDUS	OF	THE	TUMOUR	(STEINBOCK	1976:	335).	
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FIGURE	2.13	AN	OSTEOID	OSTEOMA	ON	RADIOGRAPH	WITH	A	CLEAR	EXAMPLE	OF	THE	RADIOLUCENT	NIDUS	(ORTNER	2003:	
507).	
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FIGURE	2.14	AN	OSTEOBLASTOMA	IN	THE	PROXIMAL	HUMERUS.	NOTICE	DESPITE	ITS	SIMILAR	APPEARANCE	TO	AN	OSTEOID	
OSTEOMA,	THE	OSTEOBLASTOMA	IS	MARKEDLY	LARGER	(GREENSPAN	ET	AL.	2007:	62).	
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FIGURE	2.15	A	SMALL	OSTEOCHONDROMA	PROJECTING	DOWNWARD	FROM	THE	TIBIAL	METAPHYSIS	(STEINBOCK	1976:	322).	
	

	
FIGURE	2.16	A	RADIOGRAPH	OF	A	FEMORAL	OSTEOCHONDROMA.	NOTICE	HOW	THE	TUMOUR	HAS	GROWN	OUT	OF	THE	CORTICAL	
BONE	WITHOUT	INTERRUPTION	(CHHEM	ET	AL.	2008:	105).	
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FIGURE	2.17	A	RADIOGRAPH	OF	AN	ENCHONDROMA	IN	A	FIRST	METATARSAL	(CHHEM	ET	AL.	2008:	106).	
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FIGURE	2.18	A	CHONDROBLASTOMA	IN	THE	TIBIAL	EPIPHYSIS	(GREENSPAN	ET	AL.	2007:	74).	
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FIGURE	2.19	A	RADIOGRAPH	OF	A	BONE	CYST	(BYRNE	2017).	
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FIGURE	2.20	GIANT	CELL	TUMOUR	OF	THE	DISTAL	FEMUR	(ORTNER	2003:	513).	



	 73	

	
FIGURE	2.21	AN	EXAMPLE	OF	THE	EXTREME	POROTIC	HYPEROSTOSIS	CAUSED	BY	A	MENINGIOMA	(ORTNER	2003:	515).	
	

	
FIGURE	2.22	RADIOGRAPHS	OF	VERTEBRAE	DISPLAYING	THE	'CORDUROY'	PATTERN	(CHHEM	ET	AL.	2008:	110).	
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FIGURE	2.23	A	NON-OSSIFYING	FIBROMA	IN	THE	DISTAL	TIBIA	(GREENSPAN	ET	AL.	2007:	259).	
	

	
FIGURE	2.24	A	BIOARCHAEOLOGICAL	EXAMPLE	OF	A	TERATOMA	(WASTERLAIN	ET	AL.	2017).	
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FIGURE	2.25	AN	OSTEOSARCOMA	IN	THE	RIGHT	HUMERUS	OF	A	MUMMY	FROM	PERU.	THE	TUMOUR	IS	EXPOSED	DUE	TO	AN	
OPENING	IN	THE	MUMMIFIED	SOFT	TISSUE	(AUFDERHEIDE	ET	AL.	1997:	102).	
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FIGURE	2.26	A)	RADIOGRAPH	OF	AN	OSTEOSARCOMA	DISPLAYING	THE	CHARACTERISTIC	‘SUNBURST’	APPEARANCE.	B)	THE	SAME	
SPECIMEN	IN	A	MACROSCOPIC	VIEW	(CHHEM	ET	AL.	2008:	107).	
	

	
FIGURE	2.27	A	CROSS-SECTIONED	CHONDROSARCOMA	OF	THE	DISTAL	RIGHT	FEMUR	(ORTNER	2003:	531).	
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FIGURE	2.28	A	FIBROSARCOMA	IN	THE	DISTAL	FEMUR	(GREENSPAN	ET	AL.	2007:	303).	
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FIGURE	2.29	MULTIPLE	MYELOMA	IN	THE	CRANIUM.	NOTICE	MORE	LYTIC	LESIONS	ARE	VISIBLE	ON	THE	RADIOGRAPH	(STEINBOCK	
1976:	379).	
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FIGURE	2.30	MULTIPLE	MYELOMA	IN	THE	POST-CRANIAL	SKELETON.	NOTICE	THE	LESIONS	ARE	ALL	LYTIC	AND	OF	RELATIVELY	
SIMILAR	SIZE	(STEINBOCK	1976:	376).	
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FIGURE	2.31	SKELETAL	LESIONS	DIFFERENTIALLY	DIAGNOSED	WITH	ACUTE	LEUKAEMIA	(KLAUS	2016:	352,	354).	
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CHAPTER	3 HISTORICAL	EVIDENCE	FOR	NEOPLASTIC	DISEASE		

3.1	A	DISEASE	IN	HISTORIC	FLUX	

Neoplastic	 disease	 is	 commonly	 thought	 of	 as	 being	 unique	 to	 the	modern	 age	 and	 a	 by-

product	of	heavy	 industrialization	 that	has	been	present	 in	Western	society	since	 the	19th	 century	

(David	and	Zimmerman	2010;	University	of	Manchester	2010).	However,	neoplasia	is	not	a	modern	

disease,	but	 instead	has	always	been	part	of	the	human	condition	and	a	fact	of	biology.	The	risk	of	

mutation	and	cancer	development	became	unavoidable	with	the	evolution	of	multicellular	organisms,	

whose	individual	cells	are	freely	able	to	replicate	and	multiply	(Johnson	2010).	While	the	biological	

processes	 that	 dictate	 neoplastic	 development	 have	 presumably	 remained	 the	 same	 over	 time,	

society’s	understanding	of	this	disease	has	radically	changed	throughout	history.	An	examination	of	

the	ancient	and	historical	understandings	of	cancer	as	both	a	physical	and	conceptual	entity	shows	that	

perceptions	of	the	disease	have	not	been	static	but	instead	have	been	in	flux.		

This	chapter	will	review	the	history	of	neoplasia	to	provide	an	understanding	of	this	disease	

in	medical	thought.	It	will	begin	in	antiquity	with	Classical	sources	and	then	move	forward	through	the	

Middle	Ages	 using	 sources	 from	European	 and	Arabic	contexts.	 This	will	 then	 immediately	 follow	

through	 to	 the	 Early	Modern	Era	and	will	 finish	at	 the	beginning	 of	 the	 20th	 century,	marking	 the	

Modern	Era,	where	a	more	precise	clinical	understanding	of	neoplasia	was	formed.	The	focus	of	this	

chapter	will	be	on	malignancy	more	so	than	benign	tumours,	as	cancers	seemed	to	be	of	greater	clinical	

interest	among	past	physicians,	similar	to	that	of	their	modern	counterparts.	The	aim	of	this	chapter	is	

to	 establish	 the	 place	 of	 cancer	 within	 medical	 history	 with	 attention	 being	 given	 to	 hypotheses	

regarding	cancer	aetiology	and	 its	prescribed	 treatments.	Attention	will	 also	be	given	 to	historical	

figures	who	helped	shape	perceptions	of	malignancy	and	how	cancer	patient	 identities	accordingly	

changed	to	fit	with	the	prescribed	perceptions	of	the	time.	

	 	



	82	

3.2	NEOPLASTIC	DISEASE	IN	ANTIQUITY	

Ancient	knowledge	is	dependent	on	the	physical	survival	of	texts	and	artefacts	over	time.	For	

instance,	Soranos	of	Ephesus,	a	Graeco-Roman	physician	during	the	reigns	of	Trajan	(reigned	98–117	

CE)	and	Hadrian	(reigned	117–138	CE),	was	said	to	have	written	a	treatise	on	the	treatment	of	cancer,	

but	this	work	has	been	lost	(Karpozilos	and	Pavlidis	2004).	Much	of	the	Hippocratic	Corpus	has	also	

been	lost,	including	On	Carcinosis,	which	is	referenced	in	the	writing	of	the	3rd	century	BCE	physician	

Bacchius	the	Tanagrean	(Retsas	1986).	However,	there	are	references	to	malignancies	in	11	separate	

sections	 of	 the	 Hippocratic	 Corpus,	 which	 mainly	 consist	 of	 short	 statements	 based	 on	 clinical	

observations.	Amongst	the	Galenic	medical	papers	there	are	100	notes	concerning	various	tumours	

(Hajdu	2004)	and	in	the	Egyptian	Ebers	and	Hearst	papyri	there	are	a	series	of	treatments	that	are	

believed	 to	 be	 remnants	 of	 a	 ‘book	 of	 tumours’	 (Figure	 3.1)	 (Ghalioungui	 1973).	 In	Mesopotamia,	

Sumerian	cuneiform	suggested	malignancy	through	phrases	regarding	“bad	ulcers	that	spread”	and	

“nurses	who	die	of	breast	ulcers”	(Tu	2010:	22).	The	Sushruta	Samhita,	a	medical	Sanskrit	text	from	

the	1st	millennium	BCE,	mentions	tumours	of	the	nose,	rectal	and	urinary	passages,	vagina	and	skin	(Tu	

2010).	

	

	

FIGURE	3.1	AN	EGYPTIAN	HIEROGLYPH	TO	DESIGNATE	‘TUMOUR’,	AS	USED	IN	THE	EDWIN	SMITH	PAPYRUS	(TU	2010:	19).	

	

The	word	tumour	is	used	in	ancient	Classical	texts	in	reference	to	any	localized	swelling	on	the	

body,	 including	 abscesses,	 aneurysms,	 draining	 lymph	 nodes,	malformations	 and	 neoplasms;	 non-
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cancerous	tumours	or	growths	were	referred	to	as	phymata	(Rather	1978).	The	etymology	of	the	word	

cancer	has	its	origins	with	Hippocrates	 (460–375	BCE).	Tradition	holds	 that	he	observed	a	case	of	

breast	cancer	extending	along	the	lymphatic	vessels	with	red	streaks	dispersing	radially	to	all	sides,	

resembling	 the	body	of	a	 crab	spreading	 its	 legs	and	pincers.	Hippocrates	 thus	named	 the	disease	

karkinos,	 the	 ancient	 Greek	 word	 for	 crab,	 which	 in	 Latin	 translates	 to	 cancer.	 Other	 physicians	

expanded	on	the	idea	of	the	crab,	likening	the	hardened	surface	of	a	tumour	to	that	of	a	crab’s	shell.	

The	way	cancer	spread	throughout	the	body	was	paralleled	to	a	crab	quickly	moving	through	the	sand	

and	the	pain	produced	by	a	tumour	was	compared	to	being	pinched	by	a	crab’s	pincers	(Mukherjee	

2010).	The	Hippocratic	School	continued	to	refer	to	any	non-healing	swelling	or	ulcerous	formation	as	

karkinos,	eventually	leading	to	its	modern	usage	as	carcinoma.	Other	terms	used	in	ancient	texts	are	

onkos	(from	which	the	discipline	of	oncology	derives	its	name)	meaning	‘mass’	or	‘load’	and	therioma,	

meaning	‘wild	beast’.	Therioma	was	probably	in	reference	to	the	uncontrolled	nature	of	the	disease	or	

its	monstrous	appearance	and	was	used	by	the	Roman	physician	Aulus	Cornelius	Celsus	(25	BCE	–	50	

CE)	when	he	referred	to	an	ulceration	that	arose	spontaneously	in	the	elderly	(Celsus	1989:V.28.3).	

In	the	medical	papyri	of	the	ancient	Egyptians	there	is	an	indirect	reference	to	cancer	in	the	

Edwin	Smith	papyrus,	written	between	1650–1550	BCE,	specifically	in	Case	45:		

“If	you	should	examine	a	man	for	spherical	masses	on	his	chest,	
How	you	find	(is):	they	having	spread	on	his	chest,		
and	if	you	put	your	hand	on	his	chest,	on	those	masses,	(how)	you	find	it	(the	chest)	is	very	cool,	
there	being	no	heat	at	all	within	it,	
and	how	your	hand	finds	it	(is):	they	not	being	(?)	granular,	
neither	can	they	make	fluid,	nor	generate	secretions	of	water,	
while	they	are	ball-like	to	your	hand,	
then	you	are	to	say	about	him:	‘One	has	ball-like	masses:	
a	medical	condition	I	will	fight	with’”	(Smith	et	al.	2014:	270-271)	

Furthermore,	in	the	Ebers	papyrus,	written	in	1550	BCE,	there	are	references	to	soft,	hard	and	fatty	

tumours.	For	instance,	one	passage	states:	

“When	thou	meetest	a	tumour	of	the	flesh	in	any	part	of	the	body	of	a	person	and	thou	findest	it	like	
hide	in	the	flesh;	he	is	clammy;	it	goes-and-comes	under	thy	finger	except	when	the	finger	is	kept	still	
because	the	matter	escapes	through	it,	then	thou	sayest:	‘It	is	a	Tumour	of	the	Flesh.	I	will	treat	the	
disease.’”	(Bryan	1930:	145-146)	

Hippocrates	primarily	viewed	cancer	as	a	disease	associated	with	old	age	(Bourbou	2003).	In	

Aphorisms	(Hippocrates	1998:	V.LXVII)	he	stated,	“softness	 is	good,	hardness	 is	bad”	however,	 this	

could	refer	to	all	swellings	and	not	simply	cancer.	Galen	(131–200	CE),	the	Graeco-Roman	physician,	
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seemed	to	have	much	clearer	perceptions	about	what	cancer	entailed:	“The	affection	[…]	sometimes	

brings	symptoms	that	are	faint	and	slight	and	are	somehow	able	to	escape	the	notice	of	many.	However	

they	are	often	so	severe,	major	and	clear	to	all	as	not	even	to	escape	the	notice	of	a	child”	(Galen	2011:	

XIV.9.976K).	 Both	 Celsus	 and	Galen	 attempted	 to	 better	 define	cancer	 by	 subdividing	 it	 into	 three	

distinct	types	(Weiss	2000a).	Celsus’	divisions	included:		

1) ulcus	kakoethes	–	a	malignant	ulcer	
2) carcinoma	sine	ulcere	–	occult	cancer	
3) thymium	–	overt	cancer	

Galen	divided	tumours	into:		

1) tumores	 secundum	naturam	 –	 according	 to	 nature,	which	 included	 the	 enlargement	 of	 the	
breasts	at	puberty	

2) tumores	supra	naturam	–	above	nature,	which	included	callus	formation	in	fractured	bone	
3) tumores	 praetor	 naturam	 –	 beyond	 nature,	 all	 pathological	 swellings,	 cancerous	 and	 non-

cancerous	

With	these	diverse	classifications,	it	is	evident	that	ancient	societies	considered	neoplasia	as	

its	own	nosological	entity	but	were	unable	 to	clearly	define	what	constituted	a	genuine	neoplasm.	

Despite	this,	ancient	physicians	were	aware	of	the	bodily	regions	where	cancer	was	likely	to	occur.	For	

instance,	Hippocrates	noted	that	the	disease	tended	to	develop	on	the	nasopharynx,	breasts	and	uterus	

(Retsas	1986).	Celsus	took	this	further	and	distinguished	several	types	of	cancer,	including	superficial	

cancers	of	the	nose,	ears,	 lips,	breasts	and	spleen.	Galen	was	aware	that	cancer	could	develop	in	all	

parts	of	the	body,	but	he	also	believed	that	breast	cancer	was	the	most	common	and	most	malignant	

(Retsas	1986).		

3.2.1	ANCIENT	NOTIONS	OF	NEOPLASTIC	AETIOLOGY	

In	 antiquity	 the	 cause	 of	 malignancy,	 as	 well	 as	 all	 other	 diseases,	 was	 attributed	 to	 an	

imbalance	of	the	four	bodily	humours.	Hippocrates	first	proposed	humeral	theory	and	its	connection	

to	the	body,	but	the	initial	concept	had	its	origins	in	the	Pythagorean	School	and	the	doctrine	of	mystical	

numbers.	According	 to	 this	philosophy,	 the	number	12	was	representative	of	 the	universe	and	 the	

tetrad	or	number	four	was	the	perfect	representation	of	the	eternal	flow	of	nature	(Garrison	1929).	

This	 belief	 was	 paired	 with	 the	 four	 universal	 elements:	 fire,	 water,	 air	 and	 earth,	 which	 were	

introduced	by	the	philosopher	Empedocles	of	Agrigentum	(490–430	BCE).	Soon	after	these	elements	

became	associated	with	the	four	qualities:	hot,	cold,	moist	and	dry	(Table	3.1)	(Gallucci	1984).	The	four	
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elements	could	be	converted	into	each	other	by	adjusting	these	qualities	and	therefore	all	substances	

were	 transmutable.	 Hippocrates	 associated	 the	 four	 elements	 and	 qualities	 with	 the	 four	 bodily	

humours:	blood,	phlegm,	black	bile	and	yellow	bile	(Garrison	1929).	The	Swedish	physician	Fåhraeus	

(1929)	suggested	the	origin	of	the	four	humours	could	have	come	from	observations	of	blood.	When	it	

is	first	drawn	from	the	body,	blood	appears	to	be	the	humour	of	the	same	name,	but	when	it	is	left	to	

stand	and	coagulate,	the	separation	of	the	red	blood	cells	from	the	plasma	would	form	black	and	yellow	

bile.	Phlegm	would	be	observed	when	fresh	un-coagulated	blood	is	whipped	and	releases	yellow-white	

fibrin,	a	protein	involved	in	blood	clotting	(Weiss	2000a;	Hart	2001).	

	

Bodily	humour	 Element	 Quality	 Temperament	 Organ	

Blood	 Air	 Hot	and	Moist	 Sanguine	 Liver	

Phlegm	 Water	 Cold	and	Moist	 Phlegmatic	 Brain	and	Lungs	

Yellow	Bile	 Fire	 Hot	and	Dry	 Choleric	 Spleen	

Black	Bile	 Earth	 Cold	and	Dry	 Melancholic	 Gallbladder	

TABLE	3.1	THE	FOUR	HUMOURS	AND	THEIR	CORRESPONDING	AREAS	(GARRISON	1929;	GALLUCCI	1984).	
	

Diseases	were	viewed	as	a	product	of	humoural	imbalance	and,	as	such,	an	excess	of	black	bile	

caused	malignancy.	 Galen	 hypothesized	 that	 since	 the	 humours	 constantly	 flowed	 throughout	 the	

body,	a	tumour	would	form	if	the	flow	of	black	bile	was	somehow	impeded.	The	humour	would	become	

trapped	within	 an	 area	 of	 the	 body	 and	 congeal	 into	 a	 thick,	 solid	mass	 (Mukherjee	 2010).	 Galen	

believed	this	to	especially	be	the	case	for	women,	as	he	observed	a	higher	number	of	cancers	after	the	

onset	of	menopause.	He	reasoned	that	in	women	the	normal	flow	of	menstrual	blood	signified	health,	

but	when	this	process	stopped	during	menopause,	the	blood	had	become	trapped	and	would	later	turn	

stagnant	and	thick,	resulting	in	a	tumour	(Karpozilos	and	Pavlidis	2004).	Accordingly,	women	who	

were	before	the	age	of	menopause	were	thought	to	be	immune	from	breast	cancer	(Retsas	1986).	

Galen	also	attributed	malignancy	to	an	unhealthy	diet	in	combination	with	an	unfavourable	

environment.	While	the	humours	originated	in	the	body	from	various	organs,	the	elements	needed	to	

create	them	came	from	the	environment.	For	example,	the	gallbladder	created	black	bile	through	the	

conversion	of	 the	cold,	earthy	components	of	 the	diet.	When	 food	was	 ingested	 the	elements	were	
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transformed	into	the	humours	through	a	process	the	Greeks	called	pepsis,	which	was	made	possible	by	

cooking	and	digestion	(Retief	and	Cilliers	2001).	Galen	observed	cancer	to	be	rare	in	the	North	and	

never	occurred	among	the	Scythians	who	included	milk	in	their	diet.	Contrarily,	cancer	was	common	

in	Alexandria	due	to	the	heavy	reliance	on	porridge,	lentils,	salted	meat	and	donkey	meat	(Karpozilos	

and	Pavlidis	2004).	Perhaps	for	Galen,	living	in	the	North	or	having	milk	in	one’s	diet	coincided	with	

keeping	black	bile	in	balance	with	the	other	humours,	while	foods	such	as	salted	meat	and	lentils	did	

not.	

The	only	other	disease	that	was	associated	with	black	bile	was	depression.	This	psychological	

disorder	was	historically	referred	to	as	melancholia,	which	comes	from	the	Greek,	melas	and	khole,	

respectively	meaning	‘black’	and	‘bile’.	Galen	made	this	link	after	observing	that	many	patients	with	

cancer	 were	 depressed	 and	 that	 those	 who	 were	 depressed	 seemed	 to	 develop	 cancer	 sooner	

(Diamandopoulos	1996).	From	these	causalities,	it	appears	that	for	the	ancient	Romans	cancer	and	

depression	were	interwoven	through	their	connection	to	black	bile.	One	was	a	disease	of	the	body	and	

the	other	was	a	disease	of	the	mind.	To	be	diagnosed	with	cancer	or	depression	implied	a	humoural	

imbalance	and	a	corruption	of	either	body	or	mind.	This	imbalance	could	form	not	only	a	cancerous	

growth	 in	 their	 body,	 but	 if	 the	 black	 bile	 had	 invaded	 the	mind,	 then	 the	 patient’s	 character	and	

temperament	were	also	affected.		

3.2.2	TREATMENT	OF	NEOPLASTIC	DISEASE	IN	ANTIQUITY	

Ancient	medical	scholars	viewed	malignant	neoplasms	as	a	seriously	grave	disease	that	was	

nearly	impossible	to	cure.	The	Egyptians	would	inspect	the	tumour	to	ascertain	its	shape	and	aspects,	

such	 as	 its	 colour,	 temperature	 and	 consistency,	 then	 attempt	 treatment	 through	 surgery	 and	

cauterization,	but	 it	 is	unknown	as	 to	how	successful	 they	were	 (Ghalioungui	1973;	Hajdu	2011a).	

Hippocrates	believed	if	tumours	(or	any	other	disease)	could	not	be	cured	with	medicine,	then	surgery	

should	be	attempted;	if	surgery	was	not	effective,	then	cauterization	should	be	the	next	choice;	if	none	

of	these	methods	worked,	then	the	illness	was	incurable	(Hippocrates	1998:	VII.LXXXVII).	With	hidden	

or	internal	cancers,	Hippocrates	warned	not	to	give	any	treatment	because	it	would	accelerate	death	

(Hippocrates	1998:	VII.LXXXVII).	However,	despite	 this	warning,	 surgery	was	still	 attempted.	Both	

Hippocrates	 and	Galen	 recommended	 that	 surgery	 be	aggressive	 and	performed	 at	 an	 early	 stage	

before	the	tumour	became	too	large	(Bourbou	2003;	Hajdu	2004).	Celsus	observed	that	breast	cancer,	
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even	after	 the	 tumour	had	been	removed	and	a	scar	had	 formed,	could	return	as	a	swelling	 in	 the	

armpit,	which	would	then	spread	throughout	the	body	(Celsus	1989:	V.28:2D).	Galen	further	instructed	

surgeons	to	cut	into	the	healthy	tissue	around	the	border	of	the	tumour	in	order	to	excise	the	cancer	

with	all	of	its	‘roots’	(Retsas	1986;	Hajdu	2004).	This	likened	malignancy	to	an	invading	weed,	where	

simply	pulling	out	the	stem	will	have	little	effect	in	killing	it,	as	the	remaining	roots	will	sprout	new	

shoots.		

Medicines	and	topical	applications	made	from	various	plant	and	animal	products,	as	well	as	

heavy	metals,	were	prescribed	to	assist	in	healing	and	prevent	malignancies	from	reoccurring.	At	other	

times	 these	prescriptions	were	given	 in	 lieu	 of	 surgery	 in	 the	belief	 that	 the	medicine	 itself	would	

neutralize	 the	 cancer.	 For	 instance,	 The	 Ebers	 Papyrus	 recommends	 a	 cooked	 poultice	 for	 neck	

tumours,	made	from:	wax,	cow	fat,	writing	fluid,	copper	shavings,	Verdigris,	lead,	sea	salt,	goose	fat,	

incense,	collyrium	and	caraway	 (Bryan	1930).	Hippocrates	 recommended	 that	hellebore	should	be	

applied	to	superficial	tumours	(Bourbou	2003).	He	also	observed	the	mouth	became	bitter	when	a	

cancer	 develops	 and	prescribed	giving	a	 purgative	 to	 drink	 a	 few	 times	 during	 the	 day,	as	well	 as	

binding	“hot	bronze	of	rust	and	a	sponge”	(Hippocrates	1994:	2.6:22B).	It	is	not	clear	as	to	where	this	

bronze	 should	 be	 bound	 to	 or	 if	 the	 purgative	 was	 intended	 for	 the	 cancer	 or	 to	 alleviate	 the	

symptomatic	bitterness.	Cato	the	Elder	(234–149	BCE)	was	a	prominent	advocate	for	the	medicinal	

value	of	cabbage	for	all	diseases,	including	cancer.	For	example:	“The	black	ulcer	has	a	foul	odour	and	

exudes	putrid	pus	[…];	but	if	you	macerate	cabbage	it	will	cure	all	such	sores”	(Cato	1960:	CLVII.3-4)	

and	“an	ulcer	on	the	breast	and	a	cancer	can	be	healed	by	the	application	of	macerated	cabbage”	(Cato	

1960:	CLVII.4-5).	Pliny	the	Elder	(23–79	CE)	suggested	a	boiled	mixture	of:	the	ash	of	sea	crabs,	egg	

white,	honey,	stinging	nettle	with	salt	and	botryon	(a	powder	made	from	the	dried	faeces	of	falcons)	

(Hajdu	 2005).	 Pedanius	 Dioscorides	 (40–90	 CE),	 a	 Greek	 physician,	 botanist	 and	 pharmacologist,	

reported	using	a	drug	made	from	autumn	crocus	(Colchicum	autumnale)	as	an	anti-tumoural	agent	

(Riddle	1985).	 In	modern	Western	medicine,	 the	autumn	crocus	has	been	shown	 to	be	effective	at	

slowing	tumour	development	due	to	its	high	chemical	concentration	of	colchicine,	though	it	cannot	

stop	malignant	growth	(Elgsti	and	Dustin	1955).	Galen	also	recommended	the	use	of	autumn	crocus,	

but	others	such	as	Pliny	used	it	simply	as	a	purgative,	indicating	the	use	of	this	plant	as	an	anti-cancer	

agent	was	not	widespread	(Riddle	1985).	Galen	prescribed	the	application	of	juice	derived	from	several	
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plants	 including	winter	 cherry	 (Physalis	 alkekengi),	 hound’s	 berry	 (Soplanum	 nigrun),	 thorn	 apple	

(Datura	stramonium)	and	sleepy	nightshade	(Witharia	somnifera).	He	also	spoke	of	using	zinc	oxide	or	

a	remedy	made	from	rock-alum	(Karpozilos	and	Pavlidis	2004).	Other	societies,	such	as	those	of	the	

Sumerians,	Chinese,	Indians,	Persians	and	Hebrews,	used	herbal	remedies	of	tea,	fruit	juice,	figs,	boiled	

cabbage	and,	in	advanced	cases,	pastes	of	iron,	copper,	sulphur	and	mercury	(Hajdu	2011a).		

It	is	unclear	whether	any	of	these	medications	were	in	any	way	effective.	It	is	possible	that	

many	of	the	topical	applications	of	fruit	juices	or	cabbage	could	have	acted	as	folk	remedies	that	might	

have	alleviated	the	patient’s	symptoms.	However,	other	ingredients,	such	as	the	heavy	metals	and	the	

colchicine	found	in	autumn	crocus,	can	be	toxic	in	large	amounts	and	would	most	likely	have	given	rise	

to	 new	 problems	 within	 the	 patient,	 depending	 on	 the	 dosage	 they	 received.	 What	 most	 likely	

happened	was	the	ancient	doctors	observed	a	good	response	in	some	patients	and	then	prescribed	it	

for	everyone.	

3.2.3	ANCIENT	CASES	OF	NEOPLASTIC	DISEASE	

In	 the	ancient	 literature	 there	are	a	 small	number	of	 reported	cases	of	neoplastic	disease.	

Beginning	with	the	Hippocratic	Corpus,	there	is	mention	of	a	woman	from	Abdera	who	had	a	bloody	

discharge	from	her	nipple,	which	was	diagnosed	as	breast	cancer	and	once	the	bleeding	was	stopped,	

the	woman	died	(Hippocrates	1994:	V.101).	There	is	another	brief	mention	in	the	Hippocratic	Corpus	

of	a	cancer	in	the	pharynx	being	successfully	cured	by	cauterization	(Hippocrates	1994:	VII.111).	In	

the	Jewish	Talmud,	Titus	was	punished	for	destroying	the	temple	in	Jerusalem	by	God	who	sent	a	gnat	

or	mosquito	to	burrow	inside	his	head,	which	caused	headaches	for	seven	years.	After	Titus’	death,	the	

Romans	opened	his	head	and	saw	 the	 insect	had	grown	 to	 the	size	of	 small	bird.	Modern	scholars	

believe	that	Titus	might	have	suffered	and	died	of	a	benign	brain	tumour,	such	as	meningioma	(Meijer	

2004;	Tu	2010).		

A	more	well-known	case	of	ancient	carcinoma	is	found	in	the	works	of	the	Greek	historian	

Herodotus	(c.	484–c.	425	BCE)	and	is	centred	on	Atossa,	Queen	of	the	Persian	Empire	(550–475	BCE)	

(Osler	and	Davis	1913;	Sandison	1959).	Atossa	was	the	daughter	of	King	Cyrus	(c.	600–530	BCE),	the	

wife	of	Darius	(c.	550–486	BCE)	and	mother	of	Xerxes	(519–465	BCE).	At	some	point	during	her	reign,	

Atossa	noticed	the	development	of	a	growth	on	her	breast,	which	began	to	spread	and	grow	larger	and	
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out	of	shame	and	fear	she	hid	it	from	view	and	did	not	speak	of	it	to	anyone.	The	tumour	worsened	and	

Atossa	called	for	the	court	physician,	Democedes	of	Croton,	who	was	a	Greek	slave.	He	told	her	he	

would	 treat	her	on	 the	condition	 that	he	be	 returned	 to	Greece,	 to	which	Atossa	agreed	 (Sandison	

1959).	Scholars	have	questioned	whether	Atossa	actually	had	cancer,	as	defined	by	modern	medical	

criteria	or	if	she	had	some	sort	of	abscess	(Osler	and	Davis	1913).	In	the	original	Greek,	Herodotus	used	

the	term	phymata,	a	term	usually	given	for	non-healing	swellings	or	ulcerous	formations	instead	of	

karkinos,	indicating	that	Atossa	might	have	had	an	abnormal	swelling	instead	of	a	cancerous	tumour	

(Weiss	2000b).	Scholars	further	note	the	readiness	that	Democedes	promised	to	cure	Atossa.	As	cancer	

was	feared	by	many	of	the	ancient	physicians	and	treatment	was	not	taken	lightly,	for	Democedes	to	

so	quickly	promise	a	cure	seems	unusual.	Either	Democedes	was	sure	of	what	he	saw	or	he	took	a	

calculated	risk	to	win	his	freedom,	perhaps	even	hoping	that	if	the	tumour	did	return,	he	would	have	

been	already	returned	to	Greece	(Rather	1978).		

3.2.4	ICONOGRAPHIC	EVIDENCE	OF	NEOPLASTIC	DISEASE	IN	ANTIQUITY	

Outside	of	ancient	texts,	there	have	been	possible	instances	of	iconographic	representations	

of	neoplastic	disease	in	either	traditional	forms	of	artwork,	such	as	sculpture,	or	non-traditional	forms	

such	as	numismatic	depictions.	However,	caution	is	advised	when	trying	to	determine	disease	from	

iconography,	as	art	and	its	interpretation	can	be	highly	subjective,	especially	when	an	artist	can	easily	

accentuate,	alter	or	censor	bodily	features.	Furthermore,	the	medical	and	anatomical	knowledge	of	the	

artist	is	rooted	in	the	context	of	their	socio-cultural	and	historical	settings	and,	therefore,	it	is	highly	

unlikely	that	an	artist’s	knowledge	of	the	body	and	disease	would	exceed	that	of	their	contemporary	

medical	professionals.	

One	 of	 the	 oldest	 iconographic	 examples	 of	 neoplasia	 is	 a	 figurine	 found	 in	 present-day	

Colombia	and	Ecuador,	from	the	Tumaco-La	Tolita	culture	(Figure	3.2,	page	90),	dating	from	the	6–3rd	

century	BCE,	where	the	figure’s	left	cheek	has	a	large,	round,	tumour-like	mass	(Bernal	and	Briceno	

2006;	Pestle	and	Colvard	2013).	Several	coins	from	the	2nd	century	BCE	Parthian	Empire	(modern-day	

Iran)	depict	small	lesions	on	the	cheek	and	forehead,	beginning	with	Emperor	Mithridates	II	(reigned	

124–88	BCE)	and	five	of	his	immediate	successors	(Figures	3.3-3.4).	These	have	been	interpreted	as	

trichoepithelioma,	basal	cell	carcinoma	or	neurofibromatosis,	though	the	seemingly	hereditary	aspect	



	90	

of	 the	 lesions	 suggests	 the	 diagnosis	 of	 basal	 cell	 carcinoma	 might	 not	 be	 correct	 (Liddell	 2006;	

Todman	2008).	

	

	
FIGURE	3.2	A	FIGURINE	WITH	POSSIBLE	FACIAL	TUMOUR	FROM	TUMACO-LA	TOLITA	CULTURE,	6–3RD	CENTURY	BCE	(PESTLE	
AND	COLVARD	2013:	14).	
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FIGURE	3.3	A	COIN	FEATURING	PHRAATES	IV	(37–2	BCE)	WITH	A	POSSIBLE	NEOPLASM	ON	HIS	FOREHEAD	(WITH	PERMISSION	
OF	THE	BRITISH	MUSEUM).	
	

	
FIGURE	3.4	A	COIN	FEATURING	ORODES	II	(57–38	BCE)	WITH	A	POSSIBLE	NEOPLASM	ON	HIS	FOREHEAD	(WITH	PERMISSION	OF	
THE	BRITISH	MUSEUM).	
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Chinese	representations	of	the	god	of	longevity,	Nan-ji-xian-weng,	from	the	Han	Dynasty	(202	

BCE–220	CE)	are	often	of	an	elderly	man	with	a	large	growth	on	his	forehead	(Figure	3.5)	(Chen	2002).	

A	Chinese	 legend	explains	 the	bulbous	head	of	Nan-ji-xian-weng	 to	be	a	 slow-growing,	benign,	 soft	

tissue	tumour	due	to	the	god’s	immortality	and	advanced	age	(Wang	and	Kuo	2010).	Among	ancient	

Greek	artworks	is	a	Hellenistic	marble	bust	with	a	damaged	left	breast	and	a	terracotta	statuette	with	

a	deep	ulceration	of	the	mammary	region.	Both	of	these	pieces	were	found	in	Smyrna	but	have	not	been	

seen	since	World	War	II.	Another	depiction	of	neoplasia	is	a	clay	head	of	a	boy	with	a	globular	tumour	

on	his	right	eye	found	on	the	Greek	island	of	Cos	(Meyer-Steineg	1912;	Grmek	1989).		

	

	
FIGURE	3.5	A	DEPICTION	OF	NAN-JI-XIAN-WENG	WITH	HIS	CHARACTERISTICLY	LARGE	FOREHEAD.	THE	IMAGE	IS	ACCREDITED	TO	
CUIYING	ZHANG	AND	HAS	BEEN	SOURCED	FROM	WANG	AND	KUO	(2010:	1).	
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In	contrast,	some	scholars	have	incorrectly	diagnosed	cancer	from	fragmentary	reliefs,	marble	

busts	and	terracotta	figures.	For	instance,	a	stone	tablet	from	either	Late	Classical	or	early	Hellenistic	

Cyprus,	shows	a	female	chest	with	a	globular	relief	directly	beneath	the	breasts.	For	a	time	this	was	

thought	to	represent	a	tumour	but	was	later	realized	to	be	a	bunch	of	grapes,	often	used	in	the	past	as	

a	fertility	symbol	(Fig	3.6)	(Deeley	1983).	Deeley	(1983)	also	mentions	a	marble	bust	which	had	a	small,	

rounded	hollow	area	in	the	region	of	the	nipple,	thought	to	represent	an	ulcerated	breast	tumour	but	

was	more	likely	to	have	been	a	result	of	damage	or	erosion	of	the	stone.	

	

	
FIGURE	3.6	A	LIMESTONE	BUST	FEATURING	A	BUNCH	OF	GRAPES	FROM	LATE	CLASSICAL	OR	EARLY	HELLENISTIC	CYPRUS	(WITH	
PERMISSION	OF	THE	METROPOLITAN	MUSEUM	OF	ART).	
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3.3	NEOPLASTIC	DISEASE	FROM	THE	MIDDLE	AGES	TO	THE	EARLY	MODERN	ERA	

The	works	of	Hippocrates	and	Galen	were	carried	into	the	Middle	Ages	and	ancient	medical	

concepts,	 such	 as	 humoural	 theory,	 continued	 to	 be	 the	 standard	 during	 this	 time.	 The	 Arabic	

physicians	 Oribasius	 of	 Baghdad	 (325–403	 CE)	 and	 Avicenna	 (980–1037	 CE)	 noted	 cancers	were	

mostly	 painless,	were	 not	 as	 red	 as	 inflammatory	 lesions	 and	 the	 latter	 provided	 a	 description	 of	

malignancy	 that	 corresponds	 closely	with	 today’s	 clinical	 diagnostic	 criteria	 (Weiss	 2000a).	 In	 his	

Canon	of	Medicine,	Avicenna	wrote:	“A	cancerous	swelling	progressively	increases	in	size,	is	destructive	

and	 spreads	 roots	 which	 insinuate	 themselves	 amongst	 the	 tissue	 elements.	 It	 does	 not	 destroy	

sensation	unless	it	has	existed	for	a	long	time	and	then	it	kills	the	tissue	and	destroys	the	sensation	in	

the	part”	(Gruner	1970:	167).	

In	regard	to	neoplasia,	medieval	medical	practice	focused	more	on	diagnosis	and	treatment	

rather	than	on	aetiology.	Oribasius	of	Baghdad	admitted	to	having	no	luck	in	curing	ulcerated	cancer,	

while	in	Constantinople,	Aetius	(527–565	CE),	the	royal	physician	to	Emperor	Justinian	(482–565	CE),	

introduced	the	complete	amputation	of	the	breast	as	the	only	cure	for	breast	cancer	(Hajdu	2011a).	

Avenzoar	of	Seville	 (1094–1162)	was	 the	 first	 to	describe	 the	signs	and	symptoms	of	oesophageal	

cancer	 and	 introduced	 the	 hysterectomy	 as	 a	 treatment	 for	 uterine	 tumours	 (Hajdu	 2011a).	 The	

founder	of	surgery	in	France,	Lafranc	(1252–1315),	was	the	first	to	describe	the	differences	between	

benign	and	malignant	breast	tumours	in	his	two	texts,	Chirurgia	Parva	and	Chirurgia	Magna	(Hajdu	

2011a).	 In	1507,	Antonio	Benivieni’s	 (1443–1502)	De	Abditis	was	 the	 first	reported	case	of	gastric	

carcinoma.	 Paracelsus	 (1493–1541)	 prescribed	 chemical	 remedies	 for	 cancers	 including	 mercury,	

lead,	 sulphur	 and	 iron,	warning	 that	 the	 concentration	 of	 the	 dose	was	 vital	 to	 prevent	 accidental	

poisoning.	In	his	De	Grandibus,	published	in	1567,	Paracelsus	gave	the	first	description	of	industrial	

cancer	noting	lung	cancer	in	miners	and	metal	ore	smelters	(Hajdu	2011b).	

By	the	16th	century,	humoural	theory,	which	had	been	an	accepted	ancient	truth,	started	to	

come	into	question	beginning	with	Henri	de	Mondeville	(1260–1320),	who	was	the	first	to	publicly	

reject	 the	 concept	 (Hajdu	 2011a).	 This	was	 furthered	when	 anatomists,	 such	 as	 Andreas	 Vesalius	

(1514–1564),	failed	to	find	the	source	of	black	bile	or	the	other	humours	(Kardinal	and	Yarbro	1979).	

Vesalius’	 failed	attempt	did	not	completely	dissuade	medical	experts	from	the	existence	of	the	four	

humours	and	their	influence	on	bodily	health,	but	it	did	signal	that	humoural	theory	had	begun	to	wane,	
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although	this	change	in	thinking	would	not	completely	take	hold	until	the	end	of	the	18th	century.	With	

its	decline,	other	theories	on	the	cause	of	malignancy	began	to	be	developed	and	the	most	prominent	

of	which	was	that	of	contagion.	The	Dutch	physicians	Zacutus	Lusitani	(1575–1642)	and	Nicolaes	Tulp	

(1593–1674)	reasoned	 that	 if	cancer	was	a	disease,	 then	 it	 could	be	passed	 from	one	person	onto	

another.	This	was	reinforced	when	they	noted	breast	cancer	occurrence	seemed	to	be	more	likely	in	

members	of	the	same	family	and,	not	knowing	about	genetic	predisposition,	recommended	that	cancer	

patients	were	to	be	isolated	from	the	rest	of	the	community	and	be	kept	outside	of	the	cities	and	towns	

(Hajdu	2011b).	Contagion	theory	resulted	in	the	barring	of	cancer	patients	from	hospitals	because	it	

was	feared	their	presence	would	cause	an	epidemic.	In	response	to	this,	in	1740,	Cardinal	Jean	Godinot	

(1661–1749)	established	the	Hôpital	St-Louis	in	Reims,	France.	This	was	the	first	hospital	in	Europe	

devoted	solely	to	cancer	patients	and	research.	However,	since	little	was	known	about	the	disease,	not	

much	could	be	done	(Wishart	2008).	

3.3.1	ICONOGRAPHIC	EVIDENCE	OF	NEOPLASTIC	DISEASE	DURING	THE	EARLY	MODERN	ERA	

Possible	 examples	 of	 neoplastic	 disease,	 specifically	 carcinoma	 of	 the	 breast,	 have	 been	

diagnosed	 by	 clinicians	 in	 various	 works	 of	 art	 from	 the	 Early	 Modern	 period.	 In	 Florence,	 the	

monumental	 tombs	 of	 Giuliano	de	Medici	 (1453–1478)	 and	his	 brother	 Lorenzo	 (1449–1492)	 are	

adorned	with	allegorical	statues	representing	Dawn,	Dusk,	Day	and	Night,	sculpted	by	Michelangelo	

(1475–1564)	between	1526	and	1531.	At	 least	one	researcher	has	noted	 the	breasts	of	 the	 female	

personification	of	Night,	La	Notte,	do	not	appear	anatomically	correct,	as	they	stand	out	at	unusual	

angles	and	are	dimpled,	similar	to	that	of	an	advanced	case	of	breast	cancer	(Figure	3.7,	page	97).	La	

Notte	is	an	allegorical	figure	of	the	night	as	well	as	the	end	of	life,	so	perhaps	breast	cancer	was	her	

demise	 (Rosenzweig	1983).	In	Raphael’s	 (1483–1520)	La	Fornarina	(1518-1520),	 the	 left	breast	 is	

enlarged	and	deformed	with	a	bulge	beginning	inwards	and	curving	horizontally	to	the	right,	sloping	

toward	the	nipple	(Figure	3.8,	page	98).	There	also	seems	to	be	an	ovular	mass,	which	puckers	over	

the	 tip	of	her	 index	 figure,	while	 the	skin	 is	discoloured	with	a	blue	hue	 (Espinel	2002).	From	the	

Baroque	period,	in	Peter	Paul	Rubens’	(1577–1640)	The	Three	Graces	(1639)	(Figure	3.9,	page	99),	the	

left	breast	of	the	figure	on	the	right	appears	to	have	a	tumour	in	the	upper	left	quadrant,	characterized	

by	 a	 retraction	 of	 the	 nipple,	 redness	 of	 the	 skin	 suggesting	 inflammation	 and	 the	 breast	 appears	

smaller	than	the	other	(Grau	et	al.	2001).	Other	works	by	Rubens	that	have	been	suspected	to	portray	
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breast	cancer	are	Judith	and	Holoferne	(1617),	Orpheus	and	Euridice	(1636–1638)	and	Diana	and	Her	

Nymphs	Surprised	by	Satyrs	(1639–1640)	(Grau	et	al.	2001;	Lazzeri	et	al.	2016).	Rembrandt’s	(1606–

1669)	 Bathsheba	 at	 Her	 Bath	 (1654)	 shows	 skin	 discolouration	 in	 the	 left	 breast	 and	 distorted	

symmetry	 (Figure	3.10,	page	100)	 (Braithwaite	and	Shugg	1983).	 In	Rembrandt’s	The	Holy	Family	

(1634),	the	figure	representing	the	Virgin	Mary	has	a	small	tumour	between	the	upper	quadrants	of	

the	 left	 breast	 (Grau	 et	 al.	 2001).	 Other	 examples	 of	 possible	 portrayals	 of	 tumours	 of	 the	 breast	

include:	The	Madonna	Delivers	Milan	from	the	Plague	by	Il	Cerano	(1631),	Courtesan	Dressed	in	a	Fur	

and	a	Hat	by	Lucas	Vorsterman,	after	Rubens,	after	Titian	 (c.	1640–1666)	and	Vanitas:	Allegory	of	

Transience	by	Johann	Liss	or	Nicolas	Régnier	(c.	1626)	(Czeizel	2003;	Vaidya	2007;	Grau	and	Estrach	

2008).	
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FIGURE	3.7	LA	NOTTE	BY	MICHELANGELO	(1526–1531)	ON	DISPLAY	IN	THE	NEW	SACRISTY	IN	SAN	LORENZO,	FLORENCE,	ITALY.	THE	LEFT	BREAST	IS	PURPORTED	TO	PRESENT	A	CASE	OF	BREAST	CANCER.	
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FIGURE	3.8	LA	FORNARINA	BY	RAPHAEL	(1518–1520).	THE	FIGURE’S	LEFT	BREAST	IS	PURPORTED	TO	PRESENT	A	CASE	OF	BREAST	
CANCER	(WITH	PERMISSION	OF	THE	GALLERIA	NAZIONALE	D’ARTE	ANTICA).	
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FIGURE	3.9	THE	THREE	GRACES	BY	RUBENS	(1639).	THE	THIRD	FIGURE’S	LEFT	BREAST	IS	PURPORTED	TO	PRESENT	A	CASE	OF	BREAST	
CANCER	(WITH	PERMISSION	OF	THE	MUSEO	NACIONAL	DEL	PRADO).	
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FIGURE	3.10	BATHSHEBA	AT	HER	BATH	BY	REMBRANDT	(1654).	THE	FIGURE’S	LEFT	BREAST	IS	PURPORTED	TO	PRESENT	A	CASE	OF	
BREAST	CANCER	(WITH	PERMISSION	OF	THE	LOUVRE	MUSEUM).	
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These	 supposed	 portrayals	 of	 breast	 cancer	 have	 received	 mixed	 reviews.	 Some	 clinical	

researchers,	such	as	Forma	et	al.	(2010)	accept	the	diagnoses	without	question.	Gross	(2004)	questioned	

the	seemingly	high	number	of	breast	cancer	depictions	in	famous	artworks	and	instead	focused	on	the	

biographies	of	the	three	women	who	stood	as	models	for	La	Fornarina,	The	Three	Graces	and	Bathsheba	at	

her	Bath,	noting	these	women	each	lived	for	a	number	of	years	after	their	paintings	were	completed.	He	

concluded	the	diagnoses	to	be	invalid	as	it	would	be	unlikely	for	these	16th	and	17th	century	women	to	have	

lived	with	breast	 cancer	 for	 so	 long	without	modern	medical	 intervention	 (Gross	2004).	Moreover,	art	

historians	have	found	fault	with	the	portrayal	of	La	Fornarina’s	body,	as	it	is	at	odds	with	the	aesthetics	of	

the	High	Renaissance,	which	Raphael	himself	perfected	(Espinel	2002).	However,	Baum	(2003)	noted	that	

La	Fornarina	is	not	a	photographic	representation	but	is	instead	an	idealization	of	the	female	form,	which	

in	16th	century	Italy	included	pyramidal	breasts,	set	high	on	the	thorax.	Also,	 if	a	woman	applies	gentle	

pressure	with	her	index	finger	just	below	the	nipple,	a	linear	dimple	will	appear;	the	discolouration	of	the	

skin	was	simply	to	show	gradation	of	shadow,	typical	of	the	time	(Baum	2003).	Other	researchers,	such	as	

Bondeson	 and	 Bondeson	 (2003)	 argued	 Renaissance	 artists,	 such	 as	 Michelangelo	 and	 Raphael,	 were	

keenly	aware	of	human	anatomy	and	aimed	 for	 its	exact	depiction	 in	 their	artwork.	The	basis	of	 their	

knowledge	was	from	cadaver	dissection	and	it	is	possible	the	artists	observed	cases	of	neoplastic	disease	

through	this	course	of	study	(Martin	2013).	Later,	masters	in	the	Realism	school	of	art,	such	as	Peter	Paul	

Rubens,	were	characterized	by	their	painting	everything	they	could	see	without	adding	embellishments	or	

omitting	imperfections,	including	possible	pathological	manifestations	(Grau	et	al.	2001).	
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3.4	NEOPLASTIC	DISEASE	IN	THE	MODERN	ERA	

In	the	latter	half	of	the	18th	century,	the	English	surgeon	Percival	Pott	(1714–1788)	was	the	first	

since	Paracelsus	to	observe	a	relation	between	malignancy	and	a	patient’s	environment	when	he	noticed	

chimney	sweeps	were	prone	to	scrotal	cancer,	although	some	contemporaries	mistakenly	believed	this	to	

be	 syphilis	 (Deeley	 1983).	 Pott	 studied	 this	 phenomenon	 further	 and	 proposed	 it	 was	 the	 high	

concentration	of	soot	the	chimney	sweeps	were	constantly	in	contact	with	that	caused	the	growth	of	the	

tumours.	Following	 this,	chimney	sweep	guilds	across	Europe	and	North	America	 ruled	 their	members	

were	to	bathe	daily	and	soon	scrotal	cancer	declined	in	this	group	(Diamandopoulos	1996).		

By	 the	 Modern	 Era,	 the	 medical	 community	 believed	 surgery	 to	 be	 the	 only	 true	 cure	 for	

malignancy	 (Aronowitz	 2007).	 For	 instance,	 in	 regard	 to	 breast	 cancer,	 the	 19th	 century	 saw	 the	

implementation	of	the	complete	mastectomy	in	breast	cancer	patients	(Figure	3.11).	This	operation	was	

advocated	for	by	the	American	surgeon	William	Halsted	(1852–1922)	as	not	only	a	cure	for	breast	cancer	

but	also	as	the	most	definite	method	to	discourage	the	recurrence	of	a	tumour	(Aronowitz	2007).	This	

procedure,	now	commonly	known	as	a	 radical	mastectomy,	 involves	 the	surgical	 removal	of	 the	entire	

breast,	 the	 lymph	 glands	 and	 the	muscles	 pectoralis	major	 and	minor	 (Aronowitz	 2007).	 Through	 the	

support	of	Halsted	and	his	colleagues,	the	mastectomy	quickly	became	the	standard	approach	to	breast	

cancer	treatment.	Yet,	surgery	was	still	a	dangerous	procedure	as	the	role	of	germs	and	improper	hygiene	

on	the	part	of	the	surgeon	had	yet	to	be	fully	realized.	Patients	risked	dying	on	the	operating	table	from	

blood	loss	and	the	recovery	process	could	be	just	as	fatal	if	the	surgical	wounds	became	infected	due	to	

unhygienic	hospital	practices.	Understandably,	this	fear	led	to	longer	periods	of	time	between	noticing	a	

tumour	and	seeking	medical	help.	The	Scottish	surgeon,	John	Rodman,	put	forth	that	this	fear	would	in	fact	

result	 in	cancer,	particularly	among	women.	Rodman	(1815)	held	that	a	woman’s	fear,	 imagination	and	

hypochondria	were	the	most	potent	form	of	contagion	for	breast	cancer	and	that	it	could	be	explained	by	

observing	the	patterns	of	cancer	distribution,	especially	the	female	clusters	that	appeared	in	family	groups	

(Aronowitz	2007;	Patrick	2011).	
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FIGURE	3.11	THE	COMPLETE	OR	RADICAL	MASTECTOMY	INVOLVES	THE	COMPLETE	SURGICAL	REMOVAL	OF	THE	BREAST	AND	WAS	
VIEWED	IN	THE	19TH	CENTURY	AS	THE	MOST	DEFINITE	METHOD	TO	CURE	BREAST	CANCER	(HALSTED	1924:	PLATE	L).	

	

Despite	this	newfound	belief	in	surgery,	there	was	a	growing	taboo	among	doctors	in	diagnosing	

their	patients	with	malignant	neoplasms.	At	the	very	least	doctors	would	tell	the	patient’s	family	the	truth	

and	give	a	censored	version	to	the	patient,	reasoning	that	by	omitting	the	truth	the	patient	was	given	a	

better	hope	for	survival	(Aronowitz	2007).	This	voluntary	omission	gradually	became	common	practice	

throughout	 the	 19th	 century.	 Prior	 to	 this	 time,	 the	 knowledge	 gap	 regarding	 cancer	was	considerably	

smaller	between	doctor	and	patient;	what	was	known	amongst	the	medical	community	was	mostly	known	

among	the	general	public.	However,	in	the	later	part	of	the	century,	this	familiarity	saw	a	decline	as	patients	

started	to	receive	treatment	from	doctors	in	other	cities	or	towns	who	were	known	to	specialize	in	cancer.	

This	 specialization	 and	 the	 slow	 accumulation	 of	 knowledge	 regarding	 the	 disease	 widened	 the	 gap	

between	patient	and	doctor,	as	well	as	the	medical	and	public	communities	(Aronowitz	2007).	

In	the	latter	half	of	the	19th	century	medical	practitioners	began	to	better	understand	malignancy	

beginning	with	Stephen	Paget	(1855–1926),	who	put	forth	the	seed	and	soil	hypothesis.	As	reviewed	in	

Chapter	2,	this	proposed	that	tumour	cells	are	scattered	like	seeds	throughout	the	body	and	a	successful	

metastasis	is	dependent	on	the	‘soil’	or	tissues	that	they	reach	(Paget	1889).	At	the	start	of	the	20th	century,	

Francis	 Peyton	Rous	 (1879–1970)	 demonstrated	 a	 sarcoma	 in	 chickens	 could	 be	 transmitted	 to	 other	

healthy	chickens	via	injection	(Rous	1911).	This	experiment	confirmed	some	cancers	can	be	caused	by	a	

virus	and	this	discovery	was	instrumental	in	identifying	other	carcinogenic	pathogens,	such	as	the	human	
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papillomavirus.	A	 few	years	 later	 the	German	biologist	Theodor	Boveri	 (1862–1915)	proposed	genetic	

mutation,	specifically	abnormal	chromosomes,	could	also	lead	to	the	development	of	cancer	(Boveri	2008).	

Yamagiwa	and	Ichikawa	(1918)	demonstrated	the	repeated	application	of	coal	tar	to	rabbit	ears	would	

induce	skin	cancer,	making	this	the	first	experiment	to	definitively	show	the	correlation	between	the	body	

and	an	external	carcinogen.	With	regard	to	treatment,	more	options	slowly	became	available.	Hormone	

therapy	became	a	viable	treatment	when	oestrogen	injections	and	castration	were	used	against	prostate	

cancer	 (Huggins	 and	 Hodges	 1941).	 Further	 progress	 was	 made	 in	 chemotherapy	 when	 researchers	

experimented	with	mustard	gas,	the	same	chemical	compound	that	was	weaponized	and	employed	during	

World	War	 I,	after	noticing	its	anti-cancerous	effects	and	 the	 introduction	of	 synthetic	compound,	 that	

counteracted	the	effects	of	folic	acid	in	its	role	in	acute	leukaemia	(Berenblum	1929;	Farber	1949).		

3.5	PLACING	NEOPLASTIC	DISEASE	IN	AN	HISTORICAL	CONTEXT	

The	concept	of	neoplastic	disease	has	been	debated	for	millennia,	but	its	aetiology	and	biological	

basis	has	only	begun	to	be	understood	within	the	past	century.	For	much	of	history,	ideas	regarding	cancer	

aetiology,	 diagnosis	 and	 treatment	 have	 been	 in	 flux.	 In	 antiquity,	 there	 is	 textual	 and	 iconographic	

evidence	that	physicians	were	familiar	with	neoplasms	in	some	way	or	another.	Like	other	ailments	and	

conditions,	malignancy	was	relegated	to	a	humoral	imbalance,	specifically	black	bile,	which	came	with	its	

own	implications	regarding	a	person’s	life	and	environment.	This	belief	persisted	until	the	Early	Modern	

Era	where	it	shifted	into	a	possible	contagion	and	caused	shaming	and	isolation	from	the	community.	It	

then	became	a	source	of	fear	and	hopelessness	as	19th	century	doctors	approached	cancer	with	surgical	

aggression	and	women	were	faced	with	the	prospect	of	undergoing	a	complete	mastectomy	as	the	only	

sure	form	of	treatment.	It	was	not	until	the	20th	century	that	attitudes	started	to	change	as	scientists	slowly	

began	to	decipher	malignant	aetiology,	progression	and	treatment.	

Today,	cancer	has	been	magnified	in	the	social	imagination	as	a	modern	disease	and	this	is	possibly	

due	 to	 the	 eradication	 or	 suppression	 of	 other	 communicable	 diseases.	 For	 example,	 before	 the	

implementation	 of	 vaccinations	 and	 hygiene	 standards,	 polio,	 small	 pox,	 tuberculosis	 and	 cholera	

dominated	public	fear	and	imagination	as	plagues	responsible	for	countless	deaths	and	horrific	symptoms.	

Cancer,	on	the	other	hand,	was	a	disease	that	did	not	spread	within	a	population;	it	was	a	quiet	fatality.	

Furthermore,	 as	 modern	 cancer	 treatments	 extend	 a	 patient’s	 life	 and	 aim	 to	 cure	 the	 disease,	 these	

treatments	maintain	cancer	as	a	visible	entity	and	a	possible	risk	in	the	future.	This	cycle	of	contraction,	
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treatment	 and	possible	 future	 affliction	 adds	 to	 the	 experience	and	 knowledge	 of	 cancer	 in	 the	 public	

sphere.	In	the	past,	there	was	little	hope	for	treatment	and	therefore	no	possibility	of	cancer	re-appearing	

in	a	patient	because	this	was	a	disease	that	killed	at	the	onset	and	was	not	seen	again.		

There	can	be	little	doubt	that	neoplasms	existed	in	the	past	due	to	their	extensive	role	in	medical	

history.	 Knowledge	 of	malignancy	was	 recorded	 in	 ancient	 Egyptian	medical	 papyri	 and	 discussed	 by	

notable	Classical	medical	 figures,	including	Hippocrates	and	Galen.	There	are	also	iconographic	sources	

depicting	tumours	in	the	form	of	coins,	figurines,	sculpture	and	paintings	from	various	time	periods	and	

regions.	However,	despite	these	diverse	forms	of	historical	evidence	for	neoplasms,	there	has	been	much	

debate	in	bioarchaeology	regarding	neoplasia	in	antiquity.	The	following	chapter	will	review	the	course	of	

bioarchaeological	research	in	palaeopathology	regarding	neoplastic	disease.	
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CHAPTER	4 NEOPLASTIC	DISEASE	AND	BIOARCHAEOLOGY	

4.1	BIOARCHAEOLOGY	AND	PALAEOPATHOLOGY	

As	was	discussed	in	the	previous	chapter,	there	is	ample	historical	evidence	for	the	existence	

of	neoplastic	disease	in	the	past.	This	includes	Classical	texts,	such	as	the	works	of	Hippocrates	and	

Galen,	 as	well	 as	 iconographic	 representations	 in	 ancient	 figurines	 and	works	 of	 art.	 However,	 in	

palaeopathology	and	bioarchaeology	this	topic	has	been	hotly	debated	throughout	the	20th	and	21st	

centuries,	mostly	due	to	an	apparent	scarcity	of	physical	skeletal	evidence.	

This	chapter	will	 focus	on	how	palaeopathology	has	approached	and	theorized	the	place	of	

neoplastic	disease	in	bioarchaeology,	resulting	in	a	new	sub-discipline,	palaeo-oncology.	It	will	begin	

with	an	outline	of	palaeopathological	considerations	of	neoplastic	disease,	beginning	with	the	early	

1900s	following	through	to	the	2010s.	It	will	then	summarize	the	reported	evidence	of	various	benign	

and	 malignant	 tumours	 in	 the	 palaeopathological	 literature.	 The	 chapter	 will	 end	 by	 providing	 a	

summary	of	the	arguments	most	often	cited	to	explain	the	scarcity	of	bioarchaeological	evidence	of	

tumours.	

4.2	NEOPLASTIC	DISEASE	IN	BIOARCHAEOLOGICAL	RESEARCH		

4.2.1	THE	1900S	TO	1960S	

Since	the	late	19th	century,	palaeopathologists	sought	to	identify	numerous	types	of	disease	in	

ancient	human	skeletal	remains.	As	this	discipline	progressed	and	matured	into	the	20th	century,	early	

researchers	began	to	notice	an	apparent	 lack	of	evidence	for	ancient	tumours	with	only	a	few	case	

reports,	such	as	those	by	Ruffer	and	Willmore	(1913)	and	Ritchie	and	Warren	(1932).	This	seeming	

shortage	of	physical	evidence	 for	neoplastic	disease	was	 first	highlighted	by	Hrdlička	 (1927),	who	

concluded	the	overall	low	number	of	cases	indicated	that	cancer	and	other	neoplastic	conditions	were	

therefore	rare	or	unknown	in	the	Neolithic,	late	prehistoric	and	early	historic	periods.	This	view	was	

echoed	 in	 the	1950s	by	Sigerist	 (1951)	and	again	 in	 the	1960s	by	Wells	 (1963:	264):	 “[M]alignant	

disease	 is	definitely	 rare	in	ancient	 skeletal	 remains.	In	all	 the	 tens	of	 thousands	of	Early	Egyptian	
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bodies	 which	 have	 been	 examined	 only	 two	 or	 three	 reasonably	 well	 attested	 cases	 have	 been	

identified”.		

Ancient	neoplastic	rarity	was	the	prevailing	view	until	the	late	1960s	when	Brothwell	(1967)	

began	questioning	the	assumption	of	the	unlikelihood	that	past	people	did	not	reach	mature	ages.	He	

noted	there	was	skeletal	evidence	of	individuals	living	into	mature	adult	age	and	that	young	adults	and	

children	are	also	susceptible	to	developing	various	forms	of	neoplastic	disease.	He	further	posited	the	

supposed	 rarity	 of	 tumours	was	 overemphasised	 due	 to	 few	 skeletal	 collections	 being	 thoroughly	

examined.	Also,	for	most	of	the	19th	and	early	20th	centuries	only	the	skull	was	analysed	and	stored,	

while	the	post-cranial	skeleton,	where	the	majority	of	neoplastic	and	other	pathological	lesions	could	

be	found,	was	either	reburied	or	destroyed	(Brothwell	1967).	Moreover,	it	is	possible	that	neoplasms	

were	 simply	 overlooked	 or	 not	 recognized	 by	 previous	 researchers	and,	 as	an	example,	Brothwell	

(1967)	pointed	to	reports	by	Derry	(1909)	and	El	Batrawi	(1935).	In	Derry’s	‘Anatomical	Report’	on	

skeletal	material	from	Nubia,	there	was	mention	of	a	female	with	a	“necrotic	process	in	various	bones”	

(1909:45).	The	so-called	necrotic	processes	consisted	of	an	osteolytic	lesion	on	the	left	humerus,	left	

clavicle	 and	 sternum,	 all	 of	 which	 were	 surrounded	 by	 periosteal	 inflammation	 and	 pathological	

fractures.	 The	 left	 scapula	 also	 exhibited	 a	 large,	 osteolytic	 lesion	 at	 the	 supraspinous	 fossa,	

surrounded	by	“spicules	of	inflammatory	bone”	(Derry	1909:45).	In	El	Batrawi’s	report,	also	in	regard	

to	excavations	in	Nubia,	there	was	a	brief	mention	of	a	cranium	with	an	“unexplained	erosion	at	the	

base…of	an	oldish	woman”	(1935:186).	When	referring	to	the	image	of	the	cranium	in	question	(Figure	

4.1)	the	superior	view	showed	multiple	osteolytic	lesions	on	the	frontal	and	parietals	not	mentioned	

in	the	initial	report.	The	ragged	edges,	no	apparent	sclerotic	reaction	and	apparent	diplöic	origin	could	

be	evidence	of	an	unreported	and	unrecognized	metastatic	process	(Brothwell	1967).		
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FIGURE	4.1	THE	SUPERIOR	VIEW	OF	A	CRANIUM	WITH	NOTICEABLE	LESIONS,	INDICATIVE	OF	A	POSSIBLE	METASTASIS,	THAT	WENT	
UNMENTIONED	IN	AN	OSTEOLOGICAL	REPORT	(EL	BATRAWI	1935:	FIGURE	2,	PLATE	XV).	
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4.2.2	THE	1970S	AND	1980S	

In	 the	 1970s	 claims	 became	 more	 fervent	 that	 tumours	 were	 a	 by-product	 of	 modern	

industrialization	 and	 an	 increased	 lifespan	 (Janssens	 1970).	 Following	 Morse	 et	 al.’s	 (1974)	 first	

scanning	 electron	 micrograph	 image	 of	 skeletal	 lesions	 diagnosed	 as	 multiple	 myeloma,	 Strouhal	

(1976)	noted	there	was	ample	evidence	of	tumours	occurring	in	ancient	Egypt	and	supported	this	with	

evidence	from	mummies,	skeletal	remains	and	historical	medical	texts.	He	also	reiterated	that	evidence	

for	ancient	tumours	were	based	solely	on	chance	encounters	and,	since	specific	studies	on	the	disease	

had	yet	to	be	undertaken,	definite	conclusions	regarding	ancient	neoplastic	frequency	could	not	be	

reached	 (Strouhal	1976).	 In	a	bid	 to	further	account	 for	neoplasm’s	 rarity	in	 the	past,	Zimmerman	

(1977)	 explored	 the	 prospect	 of	 a	 tumour’s	 preservative	 potential	 in	mummified	 remains	 and	 its	

possible	 difficult	 diagnosis.	 His	 experiment	 consisted	 of	 obtaining	 tumour	 samples	 from	 cadavers	

within	one	day	after	death.	The	samples	were	bisected	so	that	one	half	would	act	as	a	control,	while	

the	other	was	desiccated	in	an	oven,	mimicking	mummification	via	heat	in	ancient	Egypt;	the	samples	

were	 later	 rehydrated	 and	 compared	 to	 the	 control.	 The	 researcher	 concluded	 that	 primary	 and	

secondary	soft-tissue	malignancies	preserved	well	during	mummification	and	were	diagnosable.	This	

experiment	was	 used	 to	 demonstrate	 the	 lack	 of	 archaeological	 tumours	was	 not	 due	 to	 technical	

difficulties	 and	 since	 “there	 is	 not	 a	 single	 instance	 of	 a	 tissue	 diagnosis	 in	 a	 mummy”	 and	

“[radiographic}	surveys…of	mummies	have	also	failed	to	reveal	any	evidence	of	cancer”	neoplasms	

must	be	limited	to	the	modern	age	(Zimmerman	1977:	136).		

In	 the	 1980s,	 Zimmerman	 and	 Kelley	 (1982)	 again	 expounded	 on	 the	 supposed	 rarity	 of	

neoplasms	in	bioarchaeology,	critiquing	the	handful	of	reported	tumours	limited	to	skeletal	material	

and	 the	 even	 lower	 number	 from	mummified	 remains.	 They	 stated	 other	 pathological	 conditions	

associated	with	 mature	 age,	 including	 osteoarthritis,	 Paget’s	 disease	 and	 osteoporosis,	 have	 been	

better	described	in	skeletal	and	mummified	material,	which	in	turn	implies	numerous	individuals	in	

past	populations	did	 live	 into	advanced	age	where	 the	risk	of	neoplastic	development	significantly	

increases.	Since	 there	was	no	effective	 treatment	 for	ancient	neoplasms,	evidence	of	 the	pathology	

would	be	expected	(Zimmerman	and	Kelley	1982).	Additionally,	Zimmerman	and	Kelley	(1982:	207)	

claimed	“there	is	not	one	single	instance	of	a	tissue	diagnosis	in	mummies	of	cancer	of	the	lung,	cancer	

of	the	breast,	cancer	of	the	bowel,	or	any	of	the	other	myriad	malignancies	which	afflict	our	modern	
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populations”.	This	supposed	complete	absence	(despite	Strouhal’s	(1976)	claim	of	ample	mummified	

evidence)	was	a	further	indication	that	malignancy	was	rare	or	non-existent	in	the	past,	because	“one	

would	expect	an	incidence	of	something	over	zero”	(Zimmerman	and	Kelley	1982:	206).	In	1983	at	the	

13th	 International	Congress	of	Chemotherapy	 in	Vienna,	Austria,	physicians	with	an	 interest	 in	 the	

subject	proposed	a	symposium	to	further	discuss	the	antiquity	of	cancer;	it	was	also	at	this	congress	

where	the	term	‘palaeo-oncology’	was	coined	(Retsas	1986).	In	1984,	the	14th	International	Congress	

of	Chemotherapy	in	Kyoto,	Japan,	held	the	first	symposium	on	palaeo-oncology,	at	which	presentations	

included	 palaeopathological	 examples	 from	 skeletal	 and	 mummified	 remains,	 as	 well	 as	 textual	

evidence	 from	Egyptian	papyri	and	 the	works	of	Hippocrates	and	Galen.	The	delegates	agreed	 that	

there	was	no	reason	why	individuals	 in	the	past	would	be	exempt	from	developing	neoplasms	and	

concluded	that	the	topic	of	palaeo-oncology	deserved	future	scholarly	attention	(Retsas	1986).	

4.2.3	THE	1990S	AND	2000S	

In	 the	 1990s,	 the	 topic	 of	 neoplastic	 disease	 attracted	 more	 consideration	 in	

palaeopathological	enquiry,	beginning	with	a	review	by	Tenney	(1991)	regarding	the	state	of	research	

at	the	time	and	furthered	by	researchers,	such	as	Micozzi	(1991:	838)	who	continued	the	assertion,	

“there	is	little	or	no	hard	evidence	of	cancer	in	antiquity”.	This	consideration	was	rejected	by	Strouhal	

(1994)	and	Ricci	et	al.	(1995),	who	both	clearly	stated	neoplasia	is	not	unique	to	the	post-industrialized	

societies.	Strouhal	 (1994)	 provided	a	 number	 of	 factors	 for	 the	apparent	 lack	 of	 bioarchaeological	

tumour	cases.	These	factors	included	the	lower	number	of	past	people	living	into	advanced	age,	the	

lower	number	of	environmental	carcinogens,	the	taphonomic	destruction	of	tumorous	lesions	and	the	

inadequate	technical	and	diagnostic	abilities	of	previous	researchers.	Adding	to	this,	Ricci	et	al.	(1995)	

proposed	 modern	 research	 should	 work	 to	 find	 correlations	 between	 palaeopathological,	

palaeoenvironmental	 and	 anthropological	 data	 to	 better	 understand	 neoplastic	 pathogenesis.	 This	

began	to	be	accomplished	by	researchers	such	as	Fornaciari	et	al.	(1993)	and	Marchetti	et	al.	(1996),	

who	 used	 immunohistological	 and	 ancient	 DNA	 techniques	 to	 analyse	 a	 colorectal	 tumour	 in	 the	

mummified	remains	of	King	Ferdinand	 I	of	Naples	 (1423–1494).	Rothschild	and	Rothschild	 (1995)	

tested	the	benefits	of	radiographic	imaging	in	paleo-oncological	research	and	showed	a	detection	rate	

of	three	times	that	of	a	solely	macroscopic	examination.		
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In	 the	 2000s,	 Halperin	 (2004)	 gave	 further	 consideration	 to	 the	 relationship	 between	

bioarchaeology	 and	 neoplastic	 disease.	 He	 saw	 palaeo-oncology	 as	 an	 opportunity	 to	 expand	

understanding	of	not	only	neoplastic	morphological	and	 functional	evolution,	but	also	 the	possible	

influences	of	diet,	lifestyle	and	environmental	factors	(Halperin	2004).	He	called	for	palaeo-oncology	

to	include	multiple	lines	of	evidence	beyond	human	skeletal	and	mummified	remains.	This	included	

historical	texts	and	iconography,	artefacts,	early	demographic	and	statistical	data	and	comparisons	to	

non-human	primate	oncology	(Halperin	2004).	Later,	Kuhn	et	al.	(2007)	demonstrated	the	value	of	

using	microCT	scans	in	their	diagnosis	of	several	types	of	pathology,	including	an	osteosarcoma.	This	

allowed	 for	 a	 more	 detailed	 examination	 of	 the	 tumour,	 permitting	 data	 collection	 regarding	 the	

neoplasm’s	 age	 and	 cell	 differentiation.	 At	 the	 same	 time,	 Schultz	 et	 al.	 (2007),	 using	

immunohistochemistry	techniques,	found	molecules	typical	of	neoplasia	in	the	hydroxyapatite	of	the	

skeletal	remains	of	a	Scythian	king.	This	showed	it	was	possible	to	confirm	a	neoplastic	diagnosis	using	

specific	chemical	markers	in	dry	bone.		

4.2.4	THE	2010S	

In	 the	 2010s,	 despite	 the	 aforementioned	 advancements	 in	 tumour	 identification	 in	

palaeopathology,	the	debate	regarding	neoplasms	in	bioarchaeology	was	brought	into	question	again	

by	 David	 and	 Zimmerman	 (2010).	 They	 claimed	 there	 was	 still	 simply	 not	 enough	 skeletal	 or	

mummified	 evidence	 for	 neoplastic	 disease	 in	 the	 past	 and	 palaeo-oncological	 research	 had	 been	

“unrewarding”	(David	and	Zimmerman	2010:	730).	For	them,	the	lack	of	evidence	spoke	to	neoplastic	

rarity	in	antiquity.	Immediately	after,	Faltas	(2011)	and	Wang	et	al.	(2011)	challenged	this	view.	Faltas	

(2011)	 took	 issue	with	 their	 interpretation	 and	 noted	 their	 acknowledgment	 of	 Strouhal’s	 (1998)	

survey	of	176	examples	of	skeletal	malignancies,	which	in	itself	confirms	neoplasms	were	present	in	

the	 past.	 Wang	 et	 al.	 (2011)	 observed	 David	 and	 Zimmerman’s	 (2010)	 focus	 on	 only	 Greek	 and	

Egyptian	material	was	short-sighted	and	gave	historical	evidence	that	neoplasms	were	also	known	and	

experienced	in	ancient	China.	David	and	Zimmerman	(2011)	later	replied	to	these	critiques,	stating	

their	stance	on	palaeo-oncology	was	misinterpreted	and	they	simply	meant	neoplastic	incidence	was	

higher	now	than	in	the	past.	However,	David	and	Zimmerman’s	original	(2010)	assertion	seemed	to	

incite	further	research	into	better	tumour	detection	and	diagnosis.	Thereafter,	Marques	et	al.	(2013)	

commented	 on	 the	 propensity	 and	 sometimes	 pressure	 on	 palaeopathologists	 to	 settle	 on	 one	
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diagnosis	 in	 their	 reporting	 of	 cases.	Due	 to	 such	diagnoses	 usually	 being	made	 solely	 on	 skeletal	

remains	 without	 any	 other	 contextual	 data,	 this	 risked	 a	 misdiagnosis,	 especially	 in	 regard	 to	

neoplastic	 disease.	 To	 attempt	 to	 control	 for	 this,	Marques	 et	 al.	 (2013)	 recommended	 it	may	 be	

prudent	 for	 researchers	 to,	 at	 times,	 simply	 identify	 the	 disease	 category	 rather	 than	 a	 specific	

diagnosis,	 averting	 the	 risk	 of	 a	 misdiagnosis.	 Following	 this,	 Appleby	 et	 al.	 (2015)	 proposed	 a	

terminological	framework	for	palaeopathology	to	encourage	consistency	in	diagnosis	and	enhance	the	

reliability	of	comparisons	between	cases.	

More	recently,	Marques	et	al.	 (2018)	questioned	whether	 the	scarcity	of	bioarchaeological	

evidence	for	neoplasms	could	be	attributed	to	diagnostic	difficulties,	specifically	on	the	feasibility	of	

diagnosing	 a	 neoplastic	 process	 solely	 using	 macroscopic	 methods.	 To	 test	 this,	 the	 researchers	

sampled	 skeletons	 from	 two	 modern	 identified	 skeletal	 collections,	 all	 of	 which	 had	 recorded	 a	

neoplasm	as	the	cause	of	death.	Their	results	showed	a	solely	macroscopic	diagnosis	of	the	skeletal	

material	was	not	always	certain	as	almost	half	of	 the	sample	had	 lesions	 that	 could	not	be	clearly	

attributed	 to	a	neoplastic	process.	Adding	 to	 this,	 in	 their	 review	of	macroscopic	and	radiographic	

methods,	Ragsdale	et	al.	(2018)	recommended	palaeopathologists	rely	 less	on	comparing	lesions	to	

pathological	museum	specimens,	texts	and	clinical	radiographic	literature	as	these	are	usually	extreme	

cases.	 Instead,	 reference	 should	 be	made	 to	 clinical	 sources	 that	 provide	 the	 progressive	 stages	 of	

neoplasms.	New	techniques	and	technology	have	also	proved	effective	in	better	detecting	neoplasms	

and	confirming	a	diagnosis.	This	includes:	dry	bone	histology,	biomolecular	analysis	and	CT	and	3D	

medical	 imaging	 to	 help	 reveal	 intradiplöic	 lesions	 (de	Boer	 and	Maat	 2018;	Miccichè	 et	 al.	 2018;	

Nerlich	 2018).	 Palaeo-oncological	 research	 has	 been	 furthered	by	 the	establishment	 of	 the	 Cancer	

Research	in	Ancient	Bodies	(CRAB)	Database.	This	was	produced	by	Hunt	et	al.	(2018),	who	performed	

a	 systematic	 review	 of	 palaeopathological	 studies	 focused	 on	 malignancies.	 They	 reviewed	 and	

summarized	the	temporal,	spatial	and	demographic	distribution	of	cancers,	as	well	as	the	methods	

used	 in	 diagnosis.	 Their	 results	 showed	 the	 identified	 bioarchaeological	 tumours	were	 highest	 in	

individuals	aged	younger	than	49	years	of	age	and	in	males	(Hunt	et	al.	2018).		

Aside	from	neoplastic	detection	and	identification,	palaeo-oncological	research	has	started	to	

consider	other	 factors	such	as	 the	carcinogenicity	of	 the	ancient	environment.	For	 instance,	Ewald	

(2018),	using	molecular	and	phylogenetic	analyses,	concluded	several	oncogenic	viruses	have	been	
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present	 in	 humans	 since	 before	 the	 advent	 of	 agriculture	 and	 most	 likely	 throughout	 the	 entire	

existence	 of	 modern	 Homo.	 This	 indicates	 virally	 induced	 cancers	 were	 likely	 present	 in	 ancient	

populations	and	predated	the	appearance	of	other	diseases	brought	on	by	animal	domestication,	such	

as	 tuberculosis.	 Elsewhere,	 Whitley	 and	 Boyer	 (2018)	 assessed	 the	 potential	 risk	 of	 ancient	

carcinogens	 after	 observing	 malignancy	 expressed	 in	 four	 pre-Columbian	 burials	 from	 Ancestral	

Puebloan	communities	in	New	Mexico,	dated	1050–1320	CE.	The	Ancestral	Puebloans	were	exposed	

to	 wood-smoke	 from	 fires	 in	 enclosed	 spaces,	 tobacco	 smoke	 and	 naturally	 occurring	 ionizing	

radiation.	However,	only	the	risk	from	radiation	could	be	tested,	as	the	tobacco	smoking	habits	of	the	

Ancestral	Puebloans	and	their	frequency	of	its	use	is	unknown.	Radon	was	selected	as	the	source	of	

naturally	occurring,	non-ionizing	radiation	to	be	tested	due	to	the	high	levels	present	in	the	region	

(Whitley	and	Boyer	2018).	Since	radon	is	found	in	the	soil	and	concentrates	in	modern	basements	and	

small	rooms	with	little	to	no	ventilation,	it	was	suspected	the	earthen	pit	structures	of	the	Ancestral	

Puebloans	would	 be	 at	 higher	 risk	 than	 typical	 ground	 level	 dwellings.	 Short-term	 and	 long-term	

radon-detector	kits	were	placed	in	a	previously	excavated	pit	structure	and	the	results	showed	high	

concentrations	 of	 radon	 that	 possibly	 impacted	 the	 risk	 of	 neoplasms	 in	 the	 Ancestral	 Puebloans	

(Whitley	and	Boyer	2018).		

4.2.5	A	CENTURY	OF	RESEARCH	

Palaeo-oncology	 is	 the	 culmination	 of	 over	 a	 century	 of	 palaeopathological	 enquiry	 into	

neoplastic	 disease.	 In	 the	 first	 half	 of	 the	 20th	 century	 the	 apparent	 absence	 of	 tumours	 in	

bioarchaeological	remains	signalled	to	early	researchers	that	neoplasms	were	unexperienced	before	

the	onset	of	modern	industrialization.	This	view	was	held	until	the	1960s	and	1970s	when	researchers	

began	 to	 question	 previously	 held	 assertions,	 noting	 the	 difficulty	 in	 recognizing	 and	 diagnosing	

neoplasms,	as	well	as	the	large	number	of	‘rare’	tumours	that	had	already	been	reported.	In	the	1980s	

clinicians	with	 an	 interest	 in	 ancient	 cancers	 deliberated	 on	 the	 issue	 and	 argued	 that	 due	 to	 the	

palaeopathological	cases,	as	well	as	the	literary	evidence,	there	was	no	reason	to	assume	that	ancient	

people	were	exempt	from	neoplastic	development.	In	the	1990s	and	2000s,	researchers	began	to	use	

different	techniques,	such	as	ancient	DNA	and	microCT,	which	allowed	for	more	detailed	analysis.	With	

these	 new	 technological	 methods,	 research	 into	 neoplastic	 antiquity	 reached	 a	 new	 level	 of	

sophistication.	 Immediately	 following	 this,	 the	 2010s	 became	 a	 turning	 point	 with	 David	 and	
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Zimmerman	(2010)	claiming	neoplastic	disease	was	unexperienced	in	the	past	and	a	consequence	of	

modern	lifestyles.	The	negative	reaction	among	palaeopathologists	to	these	claims	signalled	that	such	

views	were	no	longer	valid	and	that	an	absence	of	evidence	did	not	equal	evidence	of	absence.		

4.3	BIOARCHAEOLOGICAL	EVIDENCE	FOR	NEOPLASMS	

While	bioarchaeologists	debated	the	existence	and	scope	of	neoplastic	disease	in	history	and	

antiquity,	numerous	tumours	have	been	reported	throughout	the	20th	and	21st	centuries.	This	section	

will	provide	an	overview	of	the	various	neoplasms	reported	in	bioarchaeology	organized	by	tumour	

type,	beginning	with	a	brief	account	of	non-human	and	hominin	fossils	and	then	leading	into	modern	

humans.	In	addition,	a	full	tabulation	of	reported	tumours	in	skeletal	remains	since	1970	may	be	found	

at	the	end	of	this	chapter	(Table	4.2,	pages	127-149).	

The	earliest	fossil	evidence	for	neoplasms	is	a	possible	benign	tumour	in	a	350-million-year	

old	Upper	Devonian	armoured	fish,	while	the	oldest	undisputed	neoplasm	is	an	osteoma	found	in	a	

Phanerosteon	mirabile,	a	fish	from	the	Lower	Carboniferous	period,	approximately	300	million	years	

ago	 (Moodie	 1927;	 Scheele	 1954;	 Capasso	 2005).	 The	 oldest	 reported	 malignancies	 are	 an	

osteosarcoma	from	a	Triassic	period	turtle,	Pappochelys	rosinae	and	a	chondrosarcoma	from	a	Jurassic	

period	dinosaur,	the	Allosaurus	(Stadtman	1992;	Capasso	2005;	Haridy	et	al.	2019).	Other	dinosaurs	

from	 the	 Jurassic	 also	 exhibited	 possible	metastases,	 osteochondroma	 and	 haemangioma	 (Moodie	

1921;	Reasoner	 1929;	Rothschild	 et	 al.	 1998;	Rothschild	 et	 al.	 1999;	Weiss	 2000b;	Bennett	 2003;	

Capasso	 2005).	 Examples	 of	 neoplasms	 have	 also	 been	 found	 in	 the	 fossilized	 remains	 of	 human	

ancestors,	 the	oldest	of	which	 is	an	osteoid	osteoma	in	 the	vertebra	of	a	 subadult	Australopithecus	

sediba	dated	to	1.98	million	years	ago	(Randolph-Quinney	et	al.	2016).	In	regard	to	malignancy,	the	

oldest	case	is	a	possible	osteosarcoma	in	the	metatarsal	of	an	unidentified	hominin,	dated	1.7	million	

years	ago	(Odes	et	al.	2016).	Other	hominins	exhibiting	neoplasms	were	Homo	naledi,	one	of	which	

displayed	a	mandibular	osteoma	and	Homo	neanderthalensis,	one	of	which	displayed	an	unidentified	

interosseous	benign	tumour	(Colella	et	al.	2012;	Odes	et	al.	2018).		

In	 Homo	 sapiens,	 many	 types	 of	 neoplasms	 seen	 in	 modern,	 clinical	 studies	 have	 been	

documented	 in	 ancient	 remains	 (Capasso	 2005).	 This	 includes	 benign	 tumours	 such	 as:	 osteoma,	

osteoid	 osteoma,	 osteochondroma,	 enchondroma,	 meningioma	 and	 more	 uncommon	 neoplasms,	



	116	

including	 ameloblastoma,	 haemangioma,	 fibroma	 and	 teratoma.	 Malignant	 neoplasms,	 such	 as	

osteosarcoma,	 multiple	 myeloma	 and	 leukaemia	 have	 also	 been	 documented,	 as	 have	 skeletal	

metastases	from	various	soft-tissue	cancers.	Recently,	Fornaciari	(2018)	reviewed	the	reported	soft-

tissue	 tumours	 in	mummified	 (Table	 4.1).	 When	 considering	 the	 number	 of	 reported	 mummified	

tumours,	 the	 researcher	 noted	 mummified	 remains	 are	 less	 common	 than	 skeletal	 remains	 and	

mummies	 found	 in	 the	 19–20th	 centuries	 often	 underwent	 dissection	without	 documented	 results.	

Moreover,	recent	mummy	studies	rely	on	non-invasive	methods,	such	as	radiology	and	endoscopy,	but	

the	diagnosis	of	soft-tissue	tumours	requires	histological	confirmation.	Fornaciari	(2018:	75)	suggests	

it	may	be	 beneficial	 and	possible	 to	 perform	 autopsies	 in	 cases	 of	 damaged	 or	 partial	mummified	

remains,	 under	 the	 supervision	 of	 a	 pathologist	 “paying	 attention	 to	 any	 small	 sign	 of	 neoplastic	

disease”.	
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Neoplasm	 Geographic	
Location	

Era	 Age	 Sex	 Reference	

Angiokeratoma	
circumscriptum	 Chile	 15th	century	 8-9	years	 Male	

(Horne	and	
Kawasaki	1984;	
Horne	1996)	

Colorectal	adenocarcinoma	 Naples	 13th	century	 70	years	 Male	

(Fornaciari	et	al.	
1993;	Marchetti	et	
al.	1996;	Fornaciari	
et	al.	1999;	Ottini	et	

al.	2011)	

Condyloma	acuminatum	 Naples	 14th	century	 65	years	 Female	 (Fornaciari	et	al.	
2003)	

Histiocytoma	 Egypt	
12th	century	
BCE	–	2nd	
century	CE	

Adult	 Indeterminate	 (Zimmerman	1981)	

Lipoma	 Chile	 1–11th	century	 14	years	 Male	 (Gerszten	and	
Allison	1991)	

Mammary	fibroadenoma	 Egypt	 8th	century	
BCE	 35	years	 Female	 (Reyman	and	Peck	

1998)	

Mammary	fibroadenoma	 Naples	 14th	century	 65	years	 Female	 (Ventura	et	al.	
2014)	

Neurilemmoma	 Egypt	 Late	Dynastic	 35-45	years	 Female	 (Strouhal	and	
Němečková	2004)	

Ovary	cystadenoma	 Egypt	 Ptolemaic	 50-55	years	 Female	
(Granville	1825;	
Sandison	and	Tapp	

1998)	

Ovary	cystadenoma	 Italy	 19th	century	 45-50	years	 Female	 (Ventura	et	al.	
2006)	

Rectal	carcinoma	 Egypt	 1–3rd	century		 50-60	years	 Male	 (Molto	and	
Sheldrick	2018)	

Rectum	adenocarcinoma	 Egypt	 Roman	 Adult	 Male	 (Zimmerman	and	
Aufderheide	2010)	

Rhabdomyosarcoma	 Chile	 2–5th	century	 1-2	years	 Male	 (Gerszten	and	
Allison	1991)	

Squamous	skin	papilloma	 Egypt	 Late	Dynastic	 Adult	 Female	 (Sandison	1967)	

Verruca	vulgaris	 Chile	 15th	century	 8-9	years	 Male	
(Horne	and	

Kawasaki	1984;	
Horne	1996)	

Verruca	vulgaris	 Egypt	 Undetermined	 Adult	 Indeterminate	 (Fulcheri	1987)	

Vesical	papilloma	 Egypt	 Roman	 Adult	 Male	 (Zimmerman	and	
Aufderheide	2010)	

TABLE	4.1	IDENTIFIED	SOFT-TISSUE	NEOPLASMS	IN	MUMMIFIED	REMAINS	(AFTER	FORNACIARI	2018).
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4.3.1	BENIGN	TUMOURS	

Osteomata	have	been	reported	in	the	palaeopathological	literature	infrequently	and	mention	

is	usually	only	given	to	them	in	passing.	For	instance,	 in	Greece,	a	 large	number	of	osteomata	were	

observed	 in	several	 skeletons	 from	Thasos	 (Agelarakis	2002),	as	well	as	Thrace	and	other	Aegean	

islands	(Bourbou	2003),	although	no	other	details,	such	as	an	exact	number,	anatomical	location	or	

size,	are	given.	A	large	osteoma	was	found	on	an	Egyptian	cranium	from	the	Roman	period	and	another	

was	found	in	a	20-25-year-old	female	from	an	ossuary	at	Křtiny,	in	the	Czech	Republic,	dated	from	the	

13–18th	century	(Brothwell	1967;	Strouhal	et	al.	1996b).	Smith	(2010)	reported	a	large	osteoma	with	

flared	edges	extending	from	the	ethmoid	into	the	nasal	cavity,	in	an	adult	Bronze	Age	male	from	the	

Athenian	 Agora.	 An	 additional	 nasal	 osteoma	 was	 found	 in	 Croatia	 in	 an	 adult	 female.	 It	 was	

characterized	as	bony	mass	in	the	frontal	sinus	as	a	macroscopically	and	radiographically	well-defined,	

round	growth	(Premužić	et	al.	2013).		

Osteoid	osteomata	also	have	a	low	number	of	published	cases.	From	medieval	Corinth,	there	

was	a	case	of	osteoid	osteoma	in	the	distal	femur	of	an	adolescent	male	(Bourbou	2003).	A	7th	century	

Anglo-Saxon	femur	was	originally	diagnosed	as	a	calcification	of	sub-periosteal	haematoma,	but	this	

was	amended	 to	 an	 osteoid	 osteoma	after	 a	 radiographic	 examination	 (Wells	 1965).	 In	 Poland	 an	

osteoid	osteoma	was	reported	on	the	tibia	of	an	adult	male	dated	between	the	14–15th	century.	This	

lesion	was	described	as	‘spindle-shaped’	with	a	smooth	surface	and	located	on	the	upper	third	of	the	

anterior	 margin	 of	 the	 left	 tibia.	 The	 radiograph	 showed	 thickening	 of	 the	 cortical	 bone,	 distinct	

margins	and	a	radiolucent	centre	characteristic	of	an	osteoid	osteoma	(Gładykowska-Rzeczycka	and	

Myśliwski	1986).		

In	 regard	 to	 osteochondroma,	 a	 few	 cases	 have	 been	 reported	 in	 Europe	 and	 Africa.	 Two	

examples	are	from	ancient	Egypt,	the	first	being	a	femur	from	the	5th	Dynasty	(Brothwell	1967).	The	

second	 is	 a	 right	ossa	 coxae	 from	 a	 12th	Dynasty	adult	 female	 (Ortner	 and	Putschar	 1985).	Ortner	

(1981)	 reported	 an	 example	 of	 a	 juvenile	 osteochondroma	 from	 the	 Winchester	 Saxon	 skeletal	

pathology	 collection	 of	 the	British	Museum.	Though	 sex	was	 unknown,	 the	 individual	was	aged	 to	

approximately	four	years	old	and	had	prominent	bony	projections	in	the	distal	metaphyses	of	the	left	

humerus	and	both	femora.	Enchondromata	was	described	in	an	individual	from	a	cemetery	in	Poland,	
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from	the	2nd	century	CE.	The	long	bone	epiphyses	of	the	lower	limbs	had	osseous	projections	of	various	

sizes	 and	 shape,	 pedunculated	 or	 broad	 based	 and	 with	 pointed	 or	 blunt	 ends	 (Gładykowska-

Rzeczycka	and	Urbanowicz	1970).	Another	enchondroma	was	in	in	the	femur	of	a	mummified,	mature,	

18–19th	century,	male	from	Italy	(Piombino-Mascali	et	al.	2017).	The	diagnosis	was	based	solely	on	

radiographic	examination	and	consisted	of	a	lobulated	lesion	with	a	sclerotic	rim	and	comma-shaped	

matrix	calcifications.		

Though	 not	 a	 true	 bony	 neoplasm,	 there	 have	 been	 many	 reports	 of	 meningioma	 in	 the	

palaeopathological	literature.	The	oldest	case	reports	were	by	Abbot	and	Courville	(1939)	for	examples	

from	Peru	and	the	United	States.	The	former	exhibited	a	lesion	on	the	cranial	vault	and	consisted	of	

fused	spicules	of	bone	radiating	out	towards	the	surface.	The	latter	was	a	case	from	southern	California	

and	was	described	as	a	spongy	hyperostosis.	Two	Egyptian	examples	were	found	on	the	calvaria	from	

an	individual	from	the	1st	Dynasty	and	the	other	from	the	20th	Dynasty	(Rogers	1949).	In	south-west	

Germany	a	cranium	of	an	elderly	male	from	the	12–14th	century,	exhibited	a	hyperporotic	reaction	near	

the	coronal	suture	and	CT	scans	showed	small	spicules	on	the	outer	table	characteristic	of	meningioma	

(Weber	 and	Czarnetzki	 2002).	Waldron	 (1998)	 reported	 three	 cases	 of	meningioma	 from	a	 single	

medieval/post-medieval	site	in	the	United	Kingdom,	all	of	which	were	described	as	having	a	pressure-

formed	lesion	from	an	underlying	soft	tissue	tumour.		

Other	 less	 reported	 tumours	include	ameloblastoma,	fibroma,	haemangioma	and	 teratoma.	

Two	cases	of	ameloblastoma	have	been	reported	in	the	palaeopathological	literature.	This	odontogenic	

tumour	was	found	at	a	necropolis	in	Spain,	in	the	skeleton	of	a	male	from	the	5–9th	century	(Carrascal	

et	al.	2013).	Another	was	observed	in	Italy,	again	in	a	mature	adult	male	(Cilli	and	D’Anastasio	2017).	

Both	accounts	described	 the	 lesion	as	multilocular	 forming	a	 radiographic	 ‘soap	bubble’	pattern.	A	

fibroma,	a	neoplasm	composed	of	connective	tissue,	was	differentially	diagnosed	in	the	Czech	Republic,	

on	 the	 cranium	 of	 an	 adult	 male	 from	 a	 13–18th	 century	 ossuary	 (Strouhal	 et	 al.	 1996b).	 A	

haemangioma	was	 differentially	 diagnosed	 in	 the	 cranium	 of	 a	 Polish	 female	 based	 on	 the	 lesion	

location	 and	 the	 age	 of	 the	 individual.	 The	 lesion	was	described	 as	 circular	with	wavy	 edges	 that	

widened	 towards	 the	outer	edge	of	 the	bone	 (Kornafel	 et	al.	2000).	A	bioarchaeological	 case	of	an	

ovarian	teratoma	was	reported	in	Peru	in	a	female,	aged	15-20	years	old.	The	neoplasm	itself	was	first	

observed	to	be	an	abdominal	mass	consisting	of	83	bones	and	38	dental	elements,	all	of	which	were	
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malformed	and	unclassifiable	(Klaus	and	Ericksen	2013).	Another	teratoma	was	found	in	the	remains	

of	a	15–18th	century	adult	female	from	Portugal.	The	individual	was	estimated	to	be	over	45	years	of	

age	 and	 exhibited	 a	 teratoma	 in	 the	 pelvic	girdle.	The	surfaces	 of	 the	 tumour	were	 irregular	with	

disorganized,	asymmetrical	bone	formation	and	embedded	malformed	teeth	(Wasterlain	et	al.	2017).		

4.3.2	MALIGNANT	TUMOURS	

Bioarchaeological	osteosarcomata,	the	clinically	most	common	skeletal	malignancy,	has	been	

reported	in	examples	from	Europe,	North	and	South	America	and	Africa.	The	earliest	reported	case	of	

osteosarcoma	was	provided	by	Ruffer	and	Willmore	(1913).	They	observed	this	tumour	in	Egypt	on	

the	pelvis	of	an	individual	dated	to	250	CE.	This	tumour	was	noted	to	have	originated	in	the	trabecular	

bone,	which	then	expanded	to	produce	a	deformation	of	the	obturator	foramen	and	began	to	encroach	

on	the	acetabulum.	A	medieval	Polish	female	exhibited	an	osteosarcoma	on	the	anterior	surface	of	the	

humerus;	a	radiograph	confirmed	the	diagnosis	(Gładykowska-Rzeczycka	1997).	In	Hawaii,	there	was	

a	case	of	osteosarcoma	in	a	pre-contact	female.	This	tumour	was	located	on	the	distal	metaphysis	of	

the	left	femur	and	was	described	to	have	a	coarse	coral-like	appearance.	The	diagnosis	was	based	on	

the	observed,	radiographic	‘sunburst’	pattern	(Suzuki	1987).	A	female	from	11–12th	century	Hungary	

exhibited	an	osteosarcoma	in	the	left	orbit	that	projected	into	the	nasal	cavity	and	consisted	of	rapidly	

grown	woven	bone,	again	with	the	characteristic	‘sunburst’	spiculation	(Molnár	et	al.	2014).	A	case	of	

osteosarcoma	 was	 described	 in	 a	 12th	 century	 infant	 from	 a	 cemetery	 of	 a	 German	 silver-mining	

community.	Macroscopically	and	radiographically	 the	 lesion	exhibited	bony	spicules,	 sporadic	new	

bone	growth	and	cortical	penetration	(Alt	et	al.	2002).		

Myeloma	is	another	frequently	reported	malignancy.	Lesions	indicative	of	this	pathology	were	

observed	in	Egypt	on	a	male	cranium	from	the	3–5th	Dynasties.	The	lesions	consisted	of	11	circular	

holes	on	the	outer	table	of	cranial	vault,	with	no	signs	of	antemortem	or	perimortem	healing	(Wells	

1963).	Two	cases	of	multiple	myeloma	were	found	in	Florida,	the	first	of	which	dated	from	the	1–8th	

century	 and	 the	 second	 was	 from	 the	 4–11th	 century	 (Morse	 et	 al.	 1974).	 The	 first	 case	 was	 a	

fragmented	 female	 skeleton	 with	 ‘punched-out’	 lesions,	 characteristic	 of	 multiple	 myeloma.	 The	

second	 individual	was	 a	male	 and	 exhibited	 a	 large	 opening	 on	 the	 occipital,	 frontal	 and	 parietal,	

penetrating	both	the	inner	and	outer	tables	and	additional	lesions	were	revealed	upon	radiographic	



	 121	

examination	(Morse	et	al.	1974).	Another	case	was	found	in	a	pre-Columbian	male,	from	the	9th	century,	

excavated	 five	miles	 west	 of	 New	 York	 (Ritchie	 and	Warren	 1932).	 An	 additional	 pre-Columbian	

female,	dating	to	the	13th	century,	exhibiting	multiple	myeloma	was	excavated	from	the	burial	areas	of	

the	Kane	Mounds	near	St.	Louis,	Missouri	(Brooks	and	Melbye	1967).	Another	example	was	uncovered	

in	a	medieval	cemetery	in	the	United	Kingdom.	The	skeleton	was	that	of	an	elderly	individual,	probably	

male,	who	displayed	multiple	round,	lytic	lesions	(Wakely	et	al.	1998).	Similar	lesions,	characteristic	of	

multiple	myeloma	were	observed	in	a	female	skeleton	from	a	Merovingian	cemetery	in	Germany	(Alt	

and	 Adler	 1992).	 Recently,	 Riccomi	 et	 al.	 (2019)	 performed	 a	 systematic	 review	 of	 myeloma	 in	

palaeopathological	research.	They	identified	25	cases	from	14	countries,	dating	from	prehistory	to	the	

Modern	Era,	a	slight	prevalence	for	males	and	a	high	percentage	among	‘middle-	and	old-adults’.	

At	present,	only	four	archaeological	cases	of	leukaemia	have	been	reported.	The	first	was	in	a	

sub-adult	 skeleton	 from	colonial	Peru,	dated	 to	 the	Colonial	Era.	The	 lesions	and	 their	distribution	

paralleled	a	previously	described	modern	example	from	the	Hamann-Todd	skeletal	collection	at	the	

Cleveland	Museum	of	Natural	History	(Rothschild	et	al.	1997;	Klaus	2016).	Another	leukaemia	case	

was	from	a	Neolithic	site	in	Germany.	High	resolution	CT	scans	revealed	a	loss	of	trabeculae	in	both	the	

humerus	and	sternum;	if	correct,	this	would	be	the	earliest	example	of	leukaemia	(Scherf	et	al.	2015).	

The	third	case	was	briefly	mentioned	by	Molto	and	Sheldrick	(2018)	and	consisted	of	an	Egyptian	child	

from	the	Roman	period.	The	researchers	based	their	differential	diagnosis	on	the	work	of	Klaus	(2016).	

The	fourth	and	most	recent	case	was	a	young	adult	male	from	ancient	Egypt,	which	displayed	osteolytic	

lesions	and	areas	of	new	bone	formation	throughout	the	skeleton.	The	pattern	of	the	lesions,	along	with	

the	individual’s	age,	led	the	researchers	to	diagnose	the	individual	with	leukaemia	(Isidro	et	al.	2019).	

Metastatic	 cancers	 have	 been	 the	 most	 notably	 reported	 neoplastic	 condition	 in	 the	

bioarchaeological	literature.	One	of	the	earliest	reported	cases	of	metastasis	is	from	the	early	Bronze	

Age	in	Siberia.	The	skeleton	of	an	adult	male	displayed	numerous	osteolytic	and	osteoblastic	lesions	

concentrated	on	the	ossa	coxae,	vertebrae,	ribs,	scapulae	and	cranium.	The	distribution	of	the	lesions	

and	their	mixed	osteoblastic	and	osteolytic	characteristics	indicated	lung	cancer	was	the	most	likely	

cause	 (Lieverse	 et	 al.	 2014).	Metastasis	was	 also	 implied	 in	 a	 Palaeo-Eskimo	 from	 Alaska,	 whose	

cranium	had	 rounded	 lytic	 lesions	with	 grooved	borders	 and	a	 radiographic	 examination	 revealed	

more	areas	of	bone	loss	(Lagier	et	al.	1982).	An	ancient	Nubian	example	from	1200	BCE	displayed	
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multiple,	round,	osteolytic	lesions	in	the	scapulae,	sternum,	vertebrae	and	pelvis.	When	compared	to	

radiographic	and	scanning	electron	microscopic	analysis,	the	lesions	were	confirmed	to	be	metastatic	

(Binder	et	al.	2014).	Another	case	of	metastasis	was	diagnosed	in	an	Argentinian	individual	from	a	

prehistoric	cemetery	dated	between	1030–370	BCE	(Luna	et	al.	2008).	Allison	et	al.	(1980)	noted	a	

Chilean	mummy	bundle,	dated	to	the	8th	century,	which	exhibited	three	large	metastatic	cranial	lesions	

on	the	parietals,	while	Šefčáková	et	al.	(2001)	observed	a	metastatic	case	from	Slovakia	dated	from	the	

8–12th	centuries.	A	probable	case	of	metastasis	was	exhibited	in	an	individual	from	a	necropolis	 in	

Portugal,	dated	from	the	14–19th	century.	The	skeleton	had	lytic	lesions	diagnosed	as	metastatic	cancer	

due	to	their	asymmetric	pattern,	irregular	shape	and	position	on	the	axial	skeleton	(Assis	and	Codinha	

2010).	Numerous	other	examples	of	metastasis	have	been	reported	in	the	palaeopathological	literature	

crossing	many	different	geographic	borders	and	time	periods	(Gregg	et	al.	1982;	Manchester	1983;	

Tkocz	and	Bierring	1984;	Grupe	1988;	Suzuki	1989;	Ortner	et	al.	1991;	Anderson	et	al.	1992;	Baraybar	

and	Shimada	1993;	Waldron	1997;	Smith	2002;	Zervos	et	al.	2009;	Esche	et	al.	2010;	Prates	et	al.	2011;	

Wasterlain	et	al.	2011;	Rando	and	Waldron	2018).		

Carcinomata	of	the	breast,	lung	and	prostate	seem	to	be	the	most	commonly	reported	form	of	

metastasis,	but	Biehler-Gomez	et	al.	(2019b)	recently	advised	considering	bladder	cancer	as	another	

diagnostic	possibility	in	palaeo-oncology.	Using	a	modern,	documented	skeletal	collection	from	Italy,	

the	researchers	carried	out	a	macroscopic	investigation	of	13	skeletons	in	which	bladder	cancer	was	

listed	as	the	cause	of	death	on	the	death	certificate.	Three	skeletons	displayed	mixed	blastic	and	lytic	

lesions	in	the	cranium,	ribs,	humerus,	ossa	coxae,	femur,	sacrum	and	sternum,	all	of	which	were	typical	

of	secondary	metastases.	While	Biehler-Gomez	et	al.	(2019b)	recommend	including	bladder	cancer	in	

future	differential	diagnoses,	they	conceded	that	more	research	is	needed,	as	their	results	are	based	

solely	on	a	macroscopic	analysis	and	only	three	of	the	13	individuals	displayed	skeletal	lesions.	
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4.4	ARGUMENTS	FOR	THE	SCARCITY	OF	NEOPLASTIC	DISEASE	IN	THE	PAST	

The	primary	reason	for	debate	regarding	the	antiquity	of	neoplastic	disease	in	bioarchaeology	

is	due	to	the	perceived	scarcity	of	physical	evidence	of	tumours	in	skeletal	and	mummified	remains,	

despite	 the	 numerous	 examples	 of	 reported	 neoplasms.	 In	 palaeopathology,	 researchers	 have	

conducted	numerous	surveys	of	reported	tumours	simultaneously	demonstrating	different	forms	of	

cancers	and	other	neoplasms	were	present	in	the	past	but	not	in	large	numbers	(Pahl	1986;	Gerszten	

and	Allison	1991;	Strouhal	1998;	Bourbou	2003;	Gamba	and	Fornaciari	2006;	Fornaciari	and	Giuffra	

2012;	Geber	and	Murphy	2012;	Ghabili	et	al.	2016).	Moreover,	while	researchers	may	want	to	refer	to	

modern	medical	statistics	and	historical	records,	such	as	death	registers,	to	compare	cancer	incidence	

and	prevalence,	this	can	incur	a	historical	bias	because	continual	advancement	in	diagnostic	methods	

permits	detection	and	diagnosis	earlier	and	more	often	than	historically	possible	(Kirkpatrick	et	al.	

2018).	Oncological	knowledge	is	constantly	progressing	and	is	much	more	advanced	today	than	it	was	

a	century	ago.	Today,	the	clinical	detection	and	identification	of	cancers	occurs	at	much	earlier	stages	

of	 the	disease	process,	 resulting	 in	an	 increase	 in	 the	number	of	modern	reported	cases	(Waldron	

1996).	Moreover,	as	was	reviewed	in	the	previous	chapter,	in	the	past	there	was	a	stigma	associated	

with	cancer	and	patients	were	believed	to	be	at	fault	 for	developing	the	disease.	As	a	result	people	

avoided	medical	help,	doctors	kept	neoplastic	diagnoses	secret	and	neoplasms	were	not	often	listed	as	

the	cause	of	death	in	registries	and	obituaries	(Kirkpatrick	et	al.	2018).	

From	reviewing	the	paleopathological	literature,	as	well	as	bioarchaeological	case	reports	on	

various	forms	of	neoplastic	disease,	four	recurring	arguments	were	observed.	They	will	be	referred	to	

as:	The	Age	at	Risk	Argument;	the	Early	Death	Argument;	the	Omission	and	Preservation	Argument;	

and	the	Ancient	Environment	Argument.	These	four	arguments	will	be	summarized	herewith	and	then	

will	be	reviewed	in	Chapter	7.	

The	Age	at	Risk	Argument	has	been	put	forward	multiple	times	and	surmises	that	past	people	

did	not	 live	 long	enough	 to	 reach	 the	advanced	age	 (i.e.	over	60	years	of	age)	at	which	 the	risk	of	

developing	cancer	sharply	rises	(Wells	1964;	Brothwell	1967;	Zimmerman	and	Kelley	1982;	Strouhal	

1994;	Webb	1995;	Aufderheide	and	Rodríguez-Martín	1998;	Roberts	and	Manchester	2005).	Wells	

(1964:73)	was	the	first	to	note	that	people	of	the	past	did	not	usually	live	long	enough	to	reach	senility	

and	again	reaffirmed	that	“evidence	of	[neoplastic]	disease	from	early	burial	grounds	is	rare”.	A	short	
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lifespan	seems	to	be	a	hallmark	of	past	civilizations.	For	example,	in	ancient	Rome	mortality	was	most	

high	 during	 early	 childhood,	 while	 in	 ancient	 Egypt	 the	 average	 life	 expectancy	 for	 higher	

socioeconomic	classes	was	between	40-50	years	and	between	25-30	years	among	the	lower	classes	

(Russell	1958;	David	and	Zimmerman	2010).	

The	Early	Death	Argument	proposes	that	while	past	people	did	develop	neoplasms,	the	disease	

quickly	proved	fatal	before	it	could	become	evident	on	 the	skeleton	(Ricci	et	al.	1995;	Webb	1995;	

Aufderheide	and	Rodríguez-Martín	1998;	Roberts	and	Manchester	2005).	As	was	noted	in	Chapter	3,	

there	were	limited	treatments	available	for	neoplasms	in	the	ancient	past.	It	is	likely	that	as	the	disease	

progressed,	it	interfered	with	normal	organ	functions.	For	example,	if	an	intestinal	neoplasm	blocked	

the	bowel	and	was	left	untreated,	death	would	occur	in	only	a	few	days	(Aufderheide	and	Rodríguez-

Martín	1998).	Moreover,	in	modern	cases,	treatable	infections	are	known	to	occur	in	the	early	stages	

of	neoplastic	development	and	in	ancient	contexts,	these	infections	would	likely	have	hastened	death	

(Roberts	and	Manchester	2005).	

The	Omission	and	Preservation	Argument	posit	the	scarcity	of	archaeological	neoplasms	is	

partially	due	 to	soft-tissue	 tumour	propensity	 to	decay	and	 the	resulting	 frailty	of	 secondary	bone	

lesions,	 all	 of	 which	 do	 not	 have	 high	 survival	 in	 the	 bioarchaeological	 record	 (Strouhal	 1994;	

Aufderheide	and	Rodríguez-Martín	1998;	Capasso	2005).	There	are	numerous	post-mortem	factors	

that	can	alter	skeletal	material	to	either	mimic	or	disguise	neoplastic	lesions.	This	includes	chemical	

factors,	 such	 as	 soil	 acidity;	 physical	 factors,	 such	 as	weathering;	 and	 biological	 factors,	 including	

rodents	and	tree	roots	(Capasso	2005).	The	argument	continues	neoplastic	scarcity	is	also	partially	

due	to	the	inadequacies	of	past	palaeopathological	and	anthropological	research	methodologies.	Past	

researchers	may	have	lacked	the	knowledge	to	recognize	tumours	in	archaeological	bone.	They	might	

not	have	been	looking	for	it	due	to	the	previously	established	notion	of	ancient	neoplasms	as	rare/non-

existent	or	tumours	may	have	been	overlooked	owing	to	their	internal	origins	and	the	lack	of	routine	

radiography	(Brothwell	1967;	Strouhal	1976;	Zimmerman	and	Kelley	1982;	Strouhal	1994;	Ricci	et	al.	

1995;	Waldron	2001;	Roberts	and	Manchester	2005).	Past	researchers	were	limited	by	the	medical	

knowledge	 of	 their	 time.	 For	 instance,	 in	 his	 chapter	 on	 neoplasms,	 Janssens	 (1970:	 67)	 says,	

“tumorous	growths	are	difficult	to	incorporate	in	a	system	as	their	aetiology	is	still	unknown”.	Without	

a	 strong	clinical	understanding	of	neoplastic	processes,	 the	difficulty	 in	 identifying	and	diagnosing	
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palaeopathological	tumours	increases.	Adding	to	this,	early	anthropologists	had	a	propensity	to	curate	

only	the	crania	and	either	rebury	or	destroy	the	post-cranial	skeleton.	This	influenced	past	researchers	

into	a	narrow	assumption	“that	some	diseases	ended	at	the	foramen	magnum”	(Jarcho	1966:	5).	

Lastly,	 the	 Ancient	 Environment	 Argument	 states	 the	 level	 of	 ancient	 environmental	

carcinogens	was	too	low	or	non-existent	for	there	to	be	a	risk	of	neoplastic	development	(Zimmerman	

and	Kelley	1982;	Strouhal	1994;	Aufderheide	and	Rodríguez-Martín	1998;	Roberts	and	Manchester	

2005;	 David	 and	 Zimmerman	 2010).	 Most	 carcinogens	 today,	 such	 as	 certain	 forms	 of	 radiation,	

environmental	 pollution	 and	 harmful	 chemicals,	 are	 by-products	 of	 modern	 industrialization	 and	

would	supposedly	not	have	been	encountered	by	ancient	people	(Roberts	and	Manchester	2005).	This	

is	not	to	say	that	carcinogenic	materials	were	completely	absent	in	the	ancient	past,	but	rather	there	

were	fewer	and	people	were	therefore	less	exposed	to	them.		

4.5	CONCLUSION	

Neoplastic	disease	was	viewed	by	bioarchaeologists	as	a	rare	or	non-existent	condition	in	the	

historical	 and	 ancient	 past	 for	 the	 majority	 of	 the	 20th	 century	with	 emphasis	 being	 placed	 on	 a	

perceived	 scarcity	 of	 evidence	 in	 both	 skeletal	 and	 mummified	 remains.	 In	 the	 late	 1960s	

palaeopathologists	 started	 to	 give	 neoplasia	 further	 consideration,	 noting	 the	 propensity	 of	 past	

archaeologists	 to	 favour	 the	 cranium	 and	 disregard	 postcranial	 remains	 and	 the	 possibility	 that	

tumours	were	either	misdiagnosed	or	overlooked.	The	following	decades	saw	more	debate,	including	

claims	that	neoplasms	were	a	by-product	of	modern	industrialization,	in	contrast	to	the	‘pollution-free’	

ancient	world.	These	debates	persisted	into	the	21st	century	and	sparked	the	creation	of	a	new	sub-

discipline,	 palaeo-oncology.	 Numerous	 cases	 of	 neoplastic	 disease	 have	 been	 reported	 in	 the	

palaeopathological	literature	representing	various	types	of	benign	and	malignant	tumours.	Examples	

have	been	found	in	multiple	countries	from	diverse	civilizations	and	time	periods.	In	the	2010s,	the	

debate	 regarding	 the	 existence	 of	 neoplastic	 disease	 in	 the	 past	 was	 reignited	 by	 David	 and	

Zimmerman	(2010).	However,	the	rebuttal	to	their	claims	by	palaeopathologists	and	bioarchaeologists	

indicated	a	shift	in	thinking	as	researchers	asserted	that	David	and	Zimmerman’s	(2010)	conclusions	

were	wrong	and	neoplastic	disease	is	not	solely	a	product	of	the	Modern	Age.		
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From	this	literature	review,	it	can	be	seen	that	palaeo-oncology	has	largely	been	dominated	

by	 two	 overarching	 questions.	 Firstly,	 how	 does	 one	 detect	 and	 diagnose	 neoplasms	 in	

bioarchaeological	material	and,	secondly,	how	does	one	take	stock	of	reported	neoplasms	to	determine	

past	prevalence?	Questions	 regarding	 the	aetiology	of	ancient	neoplasms	is	only	 just	 starting	 to	be	

investigated.	 The	 following	 chapter	 will	 consist	 of	 a	 systematic	 review	 of	 previous	

palaeoepidemiological	 enquiry	 and	 will	 aim	 to	 compare	 their	 results	 to	 garner	 a	 stronger	

understanding	of	neoplastic	prevalence	in	the	bioarchaeological	record.	
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Neoplasm	 Geographic	
Location	 Era	 Age	 Sex	 Anatomical	

Location	 Pathological	Description	 Reference	

Ameloblastoma	 Spain	 5–9th	century	 45-55	years	 Male	 Mandible	

Multilocular	lesion	with	internal	
septa	forming	‘soap	bubble”	pattern’	
Lesion	borders	present	normal	bone	
X–ray	revealed	three	radiolucent	
lines	with	some	radiopacities	

(Carrascal	et	al.	
2013)	

Ameloblastoma	 Italy	 17–19th	
century	 45	years	 Male	 Mandible	 Thin	cortical	bone	

Soap	bubble	radiographic	pattern	
(Cilli	and	

D’Anastasio	2017)	
Benign		

Intracranial	
Tumour	

United	Kingdom	 Early	Bronze	
Age	 36-45	years	 Male	 Cranium	

Cranial	vault	thinning	
Space-occupying	osteolytic	lesion	

with	irregular	margins	

(Knüsel	et	al.	
2013)	

Calcified		
Thyroid	Tumour	 Austria	 15–18th	

century	 36-50	years	 Male	

Calcified	
object	was	

not	
recognized	
during	

excavation,	
therefore	
original	
location	

within	body	
was	

unknown	

Calcified	object	dense,	hard,	yellow	
substance	

Smooth-walled,	ovoid	lobe	with	a	
hollow	space	revealed	with	x-ray	and	

CT	scan	
Irregular	network	of	calcifications	
with	spikey	surface	and	hollow	

spaces	

(Binder	et	al.	
2016)	

Cement-Ossifying		
Fibroma	 France	 6–7th	century	 30	years	 Female	 Maxilla	

Ovoid	tumour	invading	right	
maxillary	sinus	

Destroyed	floor	of	right	orbit	and	
lateral	wall	of	right	nasal	fossa	

Tumour	is	hollow	
Inner	surface	is	rough	with	multiple	
osseous	outgrowths,	outer	surface	is	

smooth	
Radiography	shows	well-defined	

borders	
No	rupture	of	cortex	

(Colard	et	al.	2008)	
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Neoplasm	 Geographic	
Location	 Era	 Age	 Sex	 Anatomical	

Location	 Pathological	Description	 Reference	

Chondroblastoma	 United	States	
(Illinois)	 9–12th	century	 14-17	years	 Female	 Calcaneus	

Well-defined	lytic	lesion	
Surrounded	by	periostosis	
Smooth	cortical	margins	

Appearance	of	a	bore-hole	with	
slightly	lobulated	interior	surface	
Well-defined	radiolucent	area	with	

non-sclerotic	margin	

(Smith	and	Nicosia	
2017)	

Chondrosarcoma	 United	Kingdom	 13th	century	 26-35	years	 Female	 Scapula	

Deposit	of	fine,	porous	cancellous	
bone	emerging	from	collar	of	pitted	

cortical	bone	
Continuous	with	normal	bone	

Area	surrounding	lesion	is	covered	
by	porotic	woven	bone	

(Walker	2012)	

Chondrosarcoma	 Germany	 9th	century	 40-50	years	 Female	 Ribs	

Cortical	bone	of	ribs	degraded	into	
irregular,	partly	cyst-structured	

portion	
Opaque	calcareous	mass,	with	bone-

like	surface	

(Czarnetzki	and	
Pusch	2015)	

Cyst		
(Ganglion)	 United	Kingdom	 13–15th	

century	 15	years	 Indeterminate	 Ossa	coxae	

Repetitive	endosteal	bone	
proliferation	

A	single,	large	circular	void	with	
smooth	walls	

(Walker	2012)	

Enchondroma	 Poland	 2nd	century	 15-18	years	 Male	 Lower	limb	
bones	

Bony	projections	of	various	size	and	
shape	

Pointed	or	blunted	ends	

(Gładykowska-
Rzeczycka	and	

Urbanowicz	1970)	

Enchondroma	 Italy	 18–19th	
century	 >50	years	 Male	 Femur	

Lobulated	lesion	
Punctate	and	comma-shaped	matrix	

calcifications	
Sclerotic	rim	

Radiographic	examination	of	
mummy	

(Piombino-Mascali	
et	al.	2017)	

Enchondroma	 Italy	 18–19th	
century	 >50	years	 Male	 Unreported	 Radiographic	examination	of	

mummy	
(Piombino-Mascali	

et	al.	2017)	



	 129	

Neoplasm	 Geographic	
Location	 Era	 Age	 Sex	 Anatomical	

Location	 Pathological	Description	 Reference	

Epidermoid		
tumour	 Israel	 4–7th	century	 30-40	years	 Male	 Parietal	

Lesion	originates	from	inner	table	
and	breached	outer	table	

Radiographic	appearance	is	that	of	
an	oval	lesion	with	a	sclerotic	

response	at	margins	

(Zias	and	 סאיו 	
2006) 

Histiocytosis	X	 Canada	
(Newfoundland)	

“Archaic	
Indian”	 3	years	 Indeterminate	 Cranium	

Osteolytic	lesions	on	inner	and	outer	
table	of	neurocranium	

Irregular	outline	with	sharp	defined	
borders	

Round	lesions	with	smooth	borders	
are	also	present	

New	bone	growth	is	present	as	well,	
suggesting	healing	

(Kennedy	1987)	

Inverted		
Schneiderian		
Papilloma	

Netherlands	 17–19th	
century	 >50	years	 Male	

Nasal	
aperture:	
Vomer,	
Sphenoid,	
Palatine	

Osteolysis	and	erratic	remodelling	
Radiograph	showed	

demineralization	and	erosion	
New	radiodense	bone	formation	

(Carroll	et	al.	
2016)	

Langerhans	Cell		
Histiocytosis	 Cambodia	

3rd	century	
BCE	–	3rd	
century	CE	

Adult	 Female	
Frontal,	
Parietal,	
Occipital	

Lytic	lesions	penetrating	both	tables	
Some	remodelling	and	smoothing	of	

lesions	
Scalloped	diploë	

(Domett	and	
Buckley	2012)	

Langerhans	Cell		
Histiocytosis	 France	 5–7th	century	 >20	years	 Female	 Cranium	

Lytic	lesions	
Varying	size	

Destruction	of	diploë	and	both	tables	
Radiographs	show	no	signs	of	

remodelling	
CT	scans	show	intradiplöic	

destruction	

(Bauduer	et	al.	
2014)	

Leiomyoma	 United	Kingdom	 12–19th	
century	 ‘Elderly’	 Female	 Pelvic	region	

Large	mass	
Ovoid	shape	

Encapsulated	in	outer	shell	marked	
with	vascular	channels	

(Cole	et	al.	2015)	
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CT	scan	showed	a	complex	structure,	
with	nodules,	voids	and	high-density	

sheets	

Leukaemia	 Peru	 16th	century	 5-6	years	 Unknown	

Right	
Humerus,	
Right	Ulna,	
Scapulae,	
Ribs,	

Thoracic	and	
Lumbar	
Vertebrae	

Extensive	porosity	
No	new	bone	formation	 (Klaus	2016)	

Leukaemia	 Egypt	 1–3rd	century	 3-5	years	 Indeterminate	 Entire	
Skeleton	

Medullary	origin	
Diffused	pitting	

(Molto	and	
Sheldrick	2018)	

Leukaemia	 Egypt	 2nd	millennium	
BCE	 16-21	years	 Male	 Entire	

skeleton	
Osteolytic	lesions	

Areas	of	new	bone	formation	 (Isidro	et	al.	2019)	

Meningioma	 Denmark	 Neolithic	 Mature	Adult	 Male	 Cranium	 Irregular	openings	
Rounded	edges	 (Bennike	1985)	

Meningioma	 United	Kingdom	 14–15th	
century	 35-50	years	 Female	 Frontal	

Large	ovoid	hyperostosis	of	spongy	
bone	

Clear	demarcation	
Spread	into	zygomatics	bone,	
causing	swelling	and	porosity	

(Anderson	et	al.	
1992)	

Meningioma	 Italy	 15th	century	 6	years	 Female	 Parietal,	
Occipital	 Lytic	lesions	on	inner	table	 (Ricci	et	al.	1994)	

Meningioma	 United	Kingdom	 Medieval/Post-
Medieval	 Adult	 Male	 Frontal,	

Parietal	

Pressure-formed	lesion	from	
underlying	soft-tissue	tumour	
Supplied	by	distended	artery	

(Waldron	1998)	

Meningioma	 United	Kingdom	 Medieval/Post-
Medieval	 45	years	 Female	 Frontal,	

Parietal	

Pressure-formed	lesion	from	
underlying	soft-tissue	tumour	
Supplied	by	distended	artery	

(Waldron	1998)	

Meningioma	 United	Kingdom	 Medieval/Post-
Medieval	 Adult	 Male	 Parietal	

Pressure-formed	lesion	from	
underlying	soft-tissue	tumour	
Supplied	by	distended	artery	

(Waldron	1998)	
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Meningioma	 Germany	 12–14th	
century	 Mature	adult	 Male	 Cranium	 Hyperostotic	reaction	on	exocranial	

surface	
(Weber	and	

Czarnetzki	2002)	

Meningioma	 United	States	
(Alaska)	 9–17th	century	 40	years	 Male	

Occipital,	
Sphenoid,	
Maxilla,	

Margins	of	lytic	lesion	are	poorly	
defined,	with	no	reactive	bone	

formation	
Replacement	of	compact	bone	with	

porous	woven	bone	

(Jonsdottir	et	al.	
2003)	

Metastatic		
Carcinoma	

Canada	
(Newfoundland)	

2–1st	
millennium	

BCE	
25-30	years	 Male	

Cranium,	
Femur,	Ossa	
coxae,	Ribs	

Large	lesions	with	frayed	edges	
New	bone	growth	at	edge	of	some	

lesions	
(Anderson	1976)	

Metastatic		
Carcinoma	 Peru	 9–13th	century	 40-50	years	 Male	

Cranium,	
Ossa	coxae,	
Vertebrae	

Extensive	bone	destruction	
Pitting	around	lesions	 (Steinbock	1976)	

Metastatic	
	Carcinoma	 Peru	 14th	century	 40-50	years	 Probable	

Female	 Cranium	 Large,	irregular	bone	destruction,	
originating	in	outer	table	 (Steinbock	1976)	

Metastatic		
Carcinoma	

United	States	
(Alaska)	 4–14th	century	 30-40	years	 Probable	

Female	

Axial	
Skeleton,	
Humerus	

Nodular	periostitis	and	sclerosis	of	
diploid	tissue	 (Steinbock	1976)	

Metastatic		
Carcinoma	

United	States	
(Alaska)	 4–14th	century	 40-50	years	 Male	 Cranium	 Bevelled	lesions	with	larger	opening	

in	the	inner	table	 (Steinbock	1976)	

Metastatic		
Carcinoma	

United	States	
(New	Mexico)	 9–12th	century	 30-35	years	 Probable	

Female	

Humerus,	
Ulna,	

Vertebrae	

Destruction	of	vertebral	bodies	
Sclerotic	activity	in	trabeculae,	
surrounding	areas	of	destruction	

(Steinbock	1976)	

Metastatic		
Carcinoma	

United	States	
(New	Mexico)	 4–8th	century	 40-50	years	 Probable	

Female	
Ulna,	Radius,	
Vertebrae	

Destruction	of	distal	epiphyses	
Cortical	destruction	in	vertebrae	 (Steinbock	1976)	

Metastatic		
Carcinoma	

Canada	
(Northwest	
Territories)	

20th	century	 28-30	years	 Female	 Mandible	

Well-formed	foramina	with	smooth	
edges	and	oriented	toward	mental	

symphysis	
Radiographic	analysis	shows	large	

bilateral	areas	of	destroyed	
trabecular	bone	in	irregular	patterns	
No	evidence	of	new	bone	formation	

No	clear	borders	

(Cassidy	1977)	
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Destruction	began	in	bone	and	
spread	outward	

Metastatic		
Carcinoma	

Canada	(British	
Columbia)	 19th	century	 >50	years	 Male	 Cranium	

Lytic	lesions	
Jagged,	sharp	edges	

Some	pitting	at	margins	
Radiographs	reveal	additional	lytic	

lesions	

(Cybulski	and	Pett	
1981)	

Metastatic		
Carcinoma	

United	States	
(Alaska)	

Later	than	3rd	
century	 52-59	years	 Female	

Cranium,	
Vertebrae,	
Ribs,	Ossa	
coxae,	
Scapula,	
Humerus,	

Radius,	Ulna,	
Femur,	Tibia	

Multiple,	widespread	osteolytic	
lesions	

Reactive	growth	with	sunburst	
pattern	

Pathological	fractures	

(Lobdell	1981)	

Metastatic		
Carcinoma	

United	States	
(Alaska)	 Paleo-Eskimo	 Adult	 Male	 Cranium	

Cranial	fragment	with	area	of	well-
defined	bone	loss	and	grooved	

borders	
Radiology	revealed	numerous	small	

areas	of	bone	loss	

(Lagier	et	al.	1982)	

Metastatic		
Carcinoma	 United	Kingdom	 16–17th	

century	 >40	years	 Male	 Cranium	

Osteolytic	lesions	
Scalloped	edges	

Penetration	of	the	inner	and	outer	
cranial	tables	

(Waldron	1987)	

Metastatic		
Carcinoma	 Japan	

2–1st	
millennium	

BCE	
<40	years	 Probable	Male	 Cranium	

Multiple	radiographic	osteolytic	
lesions	in	the	diploë	

Round	and	varying	size	
Some	lesions	coalesced	

	

(Suzuki	1989)	

Metastatic		
Carcinoma	 United	Kingdom	 6–7th	century	 35	years	 Male	

Cranium,	
Vertebrae,	
Ribs,	

Sternum,	
Ossa	coxae	

Osteolytic	lesions	
Varying	size	
Ragged	edges	

More	lytic	lesions	visible	through	
radiology	

(Duhig	et	al.	1996)	
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Some	minimal	sclerosis	observed	
radiographically	

Metastatic		
Carcinoma	 Czech	Republic	 12–14th	

century	 >50	years	 Probable	Male	 Cranium	

Osteolytic	foci	and	porotic	areas	
Porotic	areas	more	pronounced	

intracranially	
Osteolytic	foci	are	irregularly	shaped	

(Horáčková	et	al.	
1997)	

Metastatic		
Carcinoma	 United	Kingdom	 Roman	 50	years	 Male	 Ossa	coxae	 Diffused,	irregular	osteolytic	lesions	 (Strouhal	1998)	

Metastatic		
Carcinoma	 United	Kingdom	 Post-Medieval	 40-50	years	 Male	 Parietal	 Oval	perforation	with	denticulated	

edge	and	pitting	 (Strouhal	1998)	

Metastatic		
Carcinoma	 Slovakia	 8–12th	century	 50-60	years	 Male	

Cranium,	
Vertebrae,	
Ossa	coxae,	
Scapulae,	
Femora,	
Humerus,	
Sternum	

Wide-spread	osteolytic	destruction	
of	varying	dimension	
Irregular	edges	

Occasional	traces	of	reactive	bone	
More	lesions	visible	with	

radiography	
Ill-defined	margins	

(Šefčáková	et	al.	
2001)	

Metastatic		
Carcinoma	 Hungary	 8–9th	century	 65-75	years	 Male	

Cranium,	
Vertebrae,	
Ossa	coxae,	
Femora	

Osteolytic	lesions	of	varying	size	
Evidence	of	increased	

vascularization	
Some	periosteal	bony	reaction	

(Marcsik	et	al.	
2001)	

Metastatic		
Carcinoma	 Hungary	 3–5th	century	 35-45	years	 Male	 Cranium	 Diffused	osteolytic	lesions	 (Marcsik	et	al.	

2002)	

Metastatic		
Carcinoma	 Hungary	 1–3rd	century	 35-45	years	 Male	 Cranium	

Diffused	osteolytic	lesions	
More	lesions	revealed	through	

radiograph	

(Marcsik	et	al.	
2002)	

Metastatic		
Carcinoma	 Hungary	 7–9th	century	 50-60	years	 Female	 Cranium	

Diffused	osteolytic	lesions	
More	lesions	revealed	through	

radiograph	

(Marcsik	et	al.	
2002)	

Metastatic		
Carcinoma	 Norway	 17–18th	

century	 Adult	 Female	 Cranium	

Osteolytic	lesions	
Fine,	porous	holes	penetrating	

cortex	
Some	reactive	bone	formation	

(Ortner	2003)	
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Metastatic		
Carcinoma	 Spain	 Bronze	Age	 Young	Adult	 Probable	

Female	 Cranium	

Small,	irregular,	osteolytic	lesions	
Surrounded	by	small	defects	of	

vascular	origin	
Observed	through	radiograhy	

(Campillo	2005)	

Metastatic		
Carcinoma	 Spain	 13–18th	

century	 Adult	 Male	 Mandible	 Osteolytic	foci	 (Campillo	2005)	

Metastatic		
Carcinoma	 Argentina	 10–3rd	century	

BCE	 40-50	years	 Male	

Scapulae,	
Ribs,	

Vertebrae,	
Ossa	coxae	

Numerous,	well-defined	osteolytic	
lesions	

Round	or	irregularly	shaped	
(Luna	et	al.	2008)	

Metastatic		
Carcinoma	 Greece	 17th	century	 Adult	 Female	 Cranium	 ‘Punched-out’	lytic	lesion	 (Zervos	et	al.	

2009)	
Metastatic		
Carcinoma	 Australia	 18–19th	

century	 >40	years	 Female	 Cranium	 Osteolytic	lesion	with	sharp,	
jagged/scalloped	edges	 (Webb	1995)	

Metastatic		
Carcinoma	 Portugal	 14–19th	

century	 50	years	 Female	

Axial	
Skeleton,	

Upper	Limbs,	
Scapula	

Asymmetric	distribution	of	lytic	
lesions	

(Assis	and	Codinha	
2010)	

Metastatic		
Carcinoma	 Nubia	

3rd	century–
BCE	to	2nd	
century	CE	

Adult	 Male	

Cranium,	
Ossa	coxae,	
Vertebrae,	
Scapula	

Large,	lytic	lesions	
No	bone	remodelling	 (Esche	et	al.	2010)	

Metastatic		
Carcinoma	 United	Kingdom	 19th	century	 36-45	years	 Male	

Axial	
Skeleton,	
Scapula,	
Clavicle,	
Femur	

Diffused	bone	lesions	
Osteolytic	and	osteoblastic	lesions	 (Walker	2012)	

Metastatic		
Carcinoma	 United	Kingdom	 19th	century	 >46	years	 Male	 Mandible	 Osteolytic	lesions	

Fine	porous	bone	surrounding	ends	 (Walker	2012)	

Metastatic		
Carcinoma	 Portugal	 20th	century	 71	years	 Male	

Cranium,	
Scapulae,	
Ossa	coxae,	

Ribs	

Mixed	osteolytic	and	osteoblastic	
lesions	

Sharply	defined	margins	

(Marques	et	al.	
2013)	
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Metastatic		
Carcinoma	 Nubia	 12th	century	

BCE	 25-35	years	 Male	

Scapulae,	
Sternum,	
Vertebrae,	
Ossa	coxae,	

Ribs	

Multitude	of	small,	round/ovular	
lytic	lesions	

(Binder	et	al.	
2014)	

Metastatic		
Carcinoma	 Italy	 18–19th	

century	 >50	years	 Male	

Ribs,	
Humeri,	

Pubic	Bone,	
Femora,	
Scapula,	
Cranium	

Multiple	osteolytic	lesions	of	various	
size	

Radiographic	examination	of	
mummy	

Differential	diagnosis	also	included	
Myeloma	

(Piombino-Mascali	
et	al.	2017)	

Metastatic		
Carcinoma	 Italy	 Earlier	than	

14th	century		 >30	years	 Female	

Cranium,	
Scapulae,	
Ribs,	Ossa	
coxae	

Osteolytic	lesions	of	various	size	
Borders	had	mixture	of	blastic	and	

lytic	activity	
Porosity	near	the	edges	

CT	scans	revealed	multiple	lytic	
lesions	in	the	diploë,	with	sharp,	

well-defined	borders	

(Caruso	et	al.	
2017)	

Metastatic		
Carcinoma	 Egypt	 11–6th	century	

BCE	 55-60	years	 Female	 Ossa	coxae	 Large,	oval	osteolytic	lesion	
Rarefied	and	spiculated	edges	

(Molto	and	
Sheldrick	2018)	

Metastatic		
Carcinoma	

United	States	
(New	Mexico)	 9–11th	century	 40-45	 Male	

Cranium,	
Ossa	coxae,	
Vertebrae,	
Femur,	
Calcaneus	

Crater-shaped,	osteolytic	lesions	
Elevated	margins	and	new	bone	

formation	
Radiographs	show	lesions	with	

sclerotic	border	

(Whitley	and	
Boyer	2018)	

Metastatic		
Carcinoma		
(Breast)	

Chile	 8th	century	 45	years	 Female	

Cranium,	
Ossa	coxae,	
Femur,	
Sacrum,	
Vertebrae,	
Sternum	

Lytic	lesions	
In	cranium,	three	lesions	had	not	yet	
perforated	the	outer	and	inner	table,	

indicating	internal	origin	

(Allison	et	al.	
1980)	

Metastatic		
Carcinoma		
(Breast)	

United	Kingdom	 c.	7th	century	 Mature	Adult	 Female	 Calvarium	
Lytic	lesions	

Process	began	in	diploë	and	
extended	through	inner/outer	tables	

(Manchester	1983)	
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Central	focus	of	lysis	with	satellite	
lesions,	some	coalescing	

Radiology	shows	no	sclerotic	
borders	and	more	lesions,	unseen	

macroscopically	
Metastatic		
Carcinoma		
(Breast))	

Egypt	 Predynastic	 55-60	years	 Probable	
Female	

Frontal,	
Sphenoid,	
Temporal	

Osteolytic	destruction,	originating	in	
the	bone	and	expanding	outward	 (Podzorski	1990)	

Metastatic		
Carcinoma		
(Breast)	

Egypt	 3–7th	century	 35-45	years	 Female	

Cranium,	
Ossa	coxae,	
Vertebrae,	
Ribs,	Femora	

Osteolytic	lesions,	irregular	and	
ovular/round	in	shape	

Scalloped	edges	
Radiographs	revealed	further	lytic	

lesions	

(Strouhal	1993)	

Metastatic		
Carcinoma		
(Breast)	

United	States	
(Tennessee)	

13–15th	
century	 >55	years	 Female	

Cranium,	
Femur,	
Clavicle	
Sternum,	
Humerus,	
Ossa	coxae	

Large,	lytic,	cranial	lesions	
Porosity	around	lesion	margins	on	

outer	table	
(Smith	2002)	

Metastatic		
Carcinoma		
(Breast)	

United	Kingdom	 18th	century	 31	years	 Female	 Cranium,	
Vertebrae	

Multiple	lytic	lesions	
Varying	size	

No	evidence	of	new	bone	formation	
Undercut	edges	

Internal	lesions	made	known	
through	radiography	

(Melikian	2006)	

Metastatic		
Carcinoma		
(Breast)	

Portugal	 15–20th	
century	 >40	years	 Female	

Cranium,	
Scapula,	
Clavicle,	

Ribs,	Sacrum,	
Os	coxae,	
Humerus,	
Femora	

Mixed	lytic	and	blastic	lesions	 (Wasterlain	et	al.	
2011)	

Metastatic		
Carcinoma		 Hungary	 3–4th	century	 45-49	years	 Female	 Cranium,	

Vertebrae,	 Localized	fine	porosity	 (Merczi	et	al.	
2014)	
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(Breast)	 Ribs,	
Scapula,	
Humerus,	
Ossa	coxae,	
Sacrum,	
Femur	

Deposits	of	fine	porotic	new	bone	
formation	and	thick	sclerotic	

deposits	
Multiple	lytic	lesions	perforating	the	

cortical	bone	

Metastatic		
Carcinoma		
(Breast)	

Italy	 6–5th	century	
BCE	 35-50	years	 Female	 Cranium	 Osteolytic	lesions	 (Miccichè	et	al.	

2018)	

Metastatic		
Carcinoma		
(Cervical)	

United	States	
(Texas)	

10–16th	
century	 30-50	years	 Probable	

Female	 Cranium	

Osteolytic	lesions	with	sharp	edges	
Well-defined	without	evidence	of	

remodelling	
Varying	size	

(Mark	2004)	

Metastatic		
Carcinoma		

(Uterine	Cervix)	
Egypt	 1–3rd	century	

CE	 30-40	years	 Female	

Ossa	coxae,	
Vertebrae,	
Femur,	
Sternum,	
Ribs,	

Calcaneus,	
Cranium	

Osteolytic	lesions	 (Molto	and	
Sheldrick	2018)	

Metastatic		
Carcinoma		

(Uterine	Cervix)	
Egypt	 11–6th	century	

BCE	 25-30	years	 Female	 Cranium	

Numerous	osteolytic	lesions	of	various	
size	

More	lesions	revealed	with	
radiogrpahy	

(Molto	and	
Sheldrick	2018)	

Metastatic		
Carcinoma		
(Lung)	

Germany	 11–12th	
century	 40-50	years	 Male	

Vertebrae,	
Ossa	coxae,	

Ribs	

Small	osteolytic	lesions	
Originating	from	deeper	layers	of	
bone	and	destroying	cortical	layers	

through	expansion	
More	lesions	found	through	

radiography	

(Grupe	1988)	

Metastatic		
Carcinoma		
(Lung)	

United	Kingdom	 12–17th	
century	 50	years	 Male	

Cranium,	
Scapulae,	
Ribs,	Ossa	
coxae	

Multiple,	small,	lytic,	widely	
distributed	foci	

Multiple	areas	of	osteoblastic	lesions	

(Ortner	et	al.	
1991)	
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Radiology	revealed	further	lytic	
lesions	

Metastatic		
Carcinoma		
(Lung)	

Italy	 3–4th	century	
BCE	 45-50	years	 Male	

Vertebrae,	
Ossa	coxae,	
Cranium,	
Ribs,	

Humeri,	
Femora	

Coarse,	round	cavities	with	erosion	
of	the	cortical	bone	

Numerous	smaller	lesions	revealed	
through	radiographs	

(Tempestini	et	al.	
1999)	

Metastatic		
Carcinoma		
(Lung)	

Russia	 Bronze	Age	 Adult	 Male	

Ossa	coxae,	
Vertebrae,	
Ribs,	

Scapulae,	
Cranium	

Mixed,	lytic	and	blastic	lesions	 (Lieverse	et	al.	
2014)	

Metastatic		
Carcinoma		
(Prostate)	

United	States	
(South	Dakota)	

16–17th	
century	 35-40	years	 Male	 Frontal	

Osteolytic	lesion	with	sharply	
demarcated	edges	

Intramedullary	origin,	with	
expanding	resorption	

Osteosclerotic	reaction	at	periphery	

(Gregg	et	al.	1982)	

Metastatic		
Carcinoma		
(Prostate)	

Denmark	 15th	century	 Mature	adult	 Male	

Vertebrae,	
Ribs,	Ossa	
coxae,	
Scapula	

Radiographic	evidence	of	areas	of	
increased	density	

(Tkocz	and	
Bierring	1984)	

Metastatic		
Carcinoma		
(Prostate)	

United	Kingdom	 14th	century	 45-55	years	 Male	

Vertebrae,	
Sternum,	
Ossa	coxae,	
Clavicle,	
Proximal	
Femora	

External	new	bone	growth	
Uneven,	rough,	coral-like,	speculate	

surface	

(Anderson	et	al.	
1992)	

Metastatic		
Carcinoma		
(Prostate)	

Peru	 8–10th	century	
Young	to	
Middle	Age	
Adult	

Male	 Fifth	Lumbar	
Vertebra	

Localized	outgrowth	
Bony	spicules	and	sheets	arranged	in	

radiant	pattern	
Lytic	activity	in	vertebral	body	

creating	‘caverns’	

(Baraybar	and	
Shimada	1993)	
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Increased	radiographic	density	
around	‘caverns’	

Metastatic		
Carcinoma		
(Prostate)	

Spain	 3rd	millennium	
BCE	 Mature	Adult	 Male	 Ossa	coxae	 Osteoblastic	lesions	in	iliac	blade	 (De	La	Rúa	et	al.	

1995)	

Metastatic		
Carcinoma		
(Prostate)	

United	Kingdom	 Medieval	 >60	years	 Male	

Ossa	coxae,	
Ribs,	

Scapula,	
Femur	

Widespread	osteoblastic	lesions	 (Wakely	et	al.	
1995)	

Metastatic		
Carcinoma		
(Prostate)	

United	Kingdom	 11–16th	
century	 30-50	years	 Male	

Cranium,	
Ribs,	

Vertebrae,	
Ossa	coxae,	
Humeri,	
Femur	

Widespread	osteoblastic	lesions,	
characterized	as	thin,	woven	bone	
Some	pitting	and	lytic	lesions	
More	sclerotic	lesions	visible	on	

raiographs	

(Mays	et	al.	1996)	

Metastatic		
Carcinoma		
(Prostate)	

Italy	 1st	century	 Mature	Adult	 Probable	Male	 Ossa	coxae	

Distinct	micro-osteosclerotic	area	
above	acetabulum	

Clear	distinct	radiographic	zone,	
separate	from	normal	bone	

(Grévin	et	al.	1997)	

Metastatic		
Carcinoma		
(Prostate)	

United	Kingdom	 19th	century	 59	years	 Male	 Axial	
skeleton	 Widespread	periosteal	new	bone	 (Waldron	1997)	

Metastatic		
Carcinoma		
(Prostate)	

Switzerland	 9–14th	century	 >50	years	 Male	 Ossa	coxae,	
Femur,	Rib	

Poorly	organized	bone	formation	
Extensive,	fine	porous	bony	build-up	 (Ortner	2003)	

Metastatic		
Carcinoma		
(Prostate)	

United	States	
(Florida)	

14–17th	
century	 Adult	 Male	 Ossa	coxae	 Lesions	characterized	as	lumpy,	

hypertrophic	and	porous	 (Ortner	2003)	

Metastatic		
Carcinoma		
(Prostate)	

Russia	 7th	century	
BCE	 40-50	years	 Male	 Entire	

Skeleton	 Porotic,	coarse,	plate-like	lesions	 (Schultz	et	al.	
2007)	

Metastatic		
Carcinoma		
(Prostate)	

Egypt	 2–1st	century	
BCE	 51-60	years	 Male	

Vertebrae,	
Ossa	coxae,	
Clavicles,	

Dense	sclerotic,	bone	lesions	 (Prates	et	al.	2011)	
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Ribs,	
Scapulae,	
Humerus	
And	Femur	

Metastatic		
Carcinoma		
(Prostate)	

Hungary	 2–3rd	century	 40-49	years	 Male	

Cranium,	
Vertebrae,	
Ribs,	Femur,	
Scapulae	

Thin	layers	of	porous	new	bone	
Widespread	porosity	

Proliferative	woven	bone	

(Merczi	et	al.	
2014)	

Metastatic		
Carcinoma		
(Prostate)	

Hungary	 3–4th	century	 >45	years	 Probable	Male	
Ossa	coxae,	
Sacrum,	
Femur	

Widespread	new	bone	formation	 (Merczi	et	al.	
2014)	

Metastatic		
Carcinoma		
(Prostate)	

Argentina	 15th	century	 Adult	 Male	

Cranium,	
Sternum,	
Ribs,	

Vertebrae,	
Clavicles,	
Scapulae,	
Ulnae,	Ossa	
coxae,	
Femora,	
Tibiae	

Osteolytic	and	osteoblastic	lesions	
Irregular,	radiodense	lesions	with	

diffused	borders	
(Luna	et	al.	2015)	

Metastatic		
Carcinoma		
(Prostate)	

United	Kingdom	 18–19th	
century	 >50	years	 Male	

Cranium,	
Scapulae,	
Humeri,	
Ribs,	

Vertebrae,	
Ossa	coxae,	
Femora,	

Radius,	Ulna,	
Tibia,	Fibula	

Widespread	periosteal	new	bone	
formation	

(Rando	and	
Waldron	2018)	

Metastatic		
Carcinoma		
(Prostate)	

Peru	 8–12th	century	 35-45	years	 Male	 Vertebrae	
Abnormal	bone	growth	

Lytic	cavities	with	ragged,	irregular	
margins	

(Klaus	2018)	
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Metastatic		
Carcinoma		
(Prostate)	

Peru	 8–12th	century	 40-45	years	 Male	 Vertebrae	 Mixture	of	bone	resorption	and	new	
bone	formation	 (Klaus	2018)	

Metastatic		
Carcinoma		
(Prostate)	

Peru	 14–15th	
century	 Adult	 Male	 Vertebrae	 Disordered,	new	bone	formation	

Areas	of	bone	loss	 (Klaus	2018)	

Metastatic		
Carcinoma		
(Prostate)	

Peru	 16–17th	
century	 35-45	years	 Male	 Vertebrae	 Abnormal	bone	formation	 (Klaus	2018)	

Metastatic		
Carcinoma		
(Testicular)	

Egypt	 11–6th	century	
BCE	 35-40	years	 Male	

Scapula,	
Humerus,	
Femur,	Ossa	
coxae,	

Verebrae	

Widespread	osteolytic	lesions	 (Molto	and	
Sheldrick	2018)	

Myeloma	 Canada	(British	
Columbia)	

Early	historic	
period	 45-50	years	 Female	

Cranium,	
Vertebrae,	
Ribs,	Ossa	
coxae,	
Sternum,	
Scapula,	
Humerus	

Small,	sharp	lytic	lesions	
Radiographs	revealed	more	lesions	

(Cybulski	and	Pett	
1981)	

Myeloma	 United	States	
(Florida)	 1–8th	century	 25	years	 Female	

Cranial	and	
Rib	

Fragments,	
Vertebrae,	
Scapulae,	
Ossa	coxae	

‘Punched-out’	areas	of	varying	size	
from	1-13	mm	 (Morse	et	al.	1974)	

Myeloma	 United	States	
(Florida)	 4–11th	century	 45	years	 Male	

Occipital,	
Frontal,	
Parietal	

Circular	lesions	penetrating	both	
tables	observable	macroscopically	

and	radiographically	
(Morse	et	al.	1974)	

Myeloma	 United	States	
(Florida)	 1–8th	century	 <25	years	 Indeterminate	 Cranium	 ‘Punched-out’	areas	of	varying	size	 (Morse	et	al.	1974)	

Myeloma	 United	States	
(Michigan}	 12th	century	 35	years	 Female	 Cranium	 ‘Punched-out’	areas	of	varying	size	 (Morse	et	al.	1974)	



	142	

Neoplasm	 Geographic	
Location	 Era	 Age	 Sex	 Anatomical	

Location	 Pathological	Description	 Reference	

Myeloma	 Peru	 14th	century	 >50	years	 Probable	
Female	 Cranium	

Dozens	of	small	osteolytic	lesions	
perforating	the	inner	and	outer	

tables	
More	lesions	revealed	through	

radiograph	
No	sclerotic	activity	

(Steinbock	1976)	

Myeloma	 United	States	
(Kentucky)	

3rd	millennium	
BCE	 46-50	years	 Probable	

Female	

Cranium,	
Clavicles,	
Scapulae,	
Humerus	

Several	small,	‘punched-out’	lesions	
More	lesions	revealed	through	

radiograph	
(Steinbock	1976)	

Myeloma	 Egypt	 28–15th	
century	BCE	 50	years	 Male	 Cranium	 Multiple,	small,	circumscribed	

osteolytic	lesions	 (Torre	et	al.	1980)	

Myeloma	 Egypt	 28–15th	
century	BCE	 30	years	 Male	 Cranium	 Multiple,	small,	circumscribed	

osteolytic	lesions	 (Torre	et	al.	1980)	

Myeloma	 Japan	 15–18th	
century	 >40	years	 Probable	Male	 Cranium	

Numerous	‘punched-out’	lesions	
Clear	and	rounded	

No	sign	of	bone	sclerosis	
(Suzuki	1981)	

Myeloma	 Egypt	 7–4th	century	
BCE	 35-45	 Male	 Cranium	 Perforations	in	cranial	vault	

Some	penetrating	both	tables	
(Strouhal	and	
Vyhnánek	1982)	

Myeloma	 Hungary	 8th	century	 Mature	adult	 Male	 Frontal,	
Parietals	

Lytic	lesions,	3-6	mm	diameter	
No	bony	reaction	

Radiographs	revealed	more	lytic	
activity	in	diploë	

(Pálfi	1989)	

Myeloma	 Austria	 5–4th	century	
BCE	 40-50	years	 Female	

Cranium,	
Vertebrae,	
Scapula	

Multiple	small	osteolytic	lesions	
More	lesions	revealed	with	

radiographs	

(Strouhal	and	
Kritscher	1990)	

Myeloma	 Germany	 Medieval	 60-80	years	 Female	 Cranium	
Multiple,	different	sized	lesions	
Additional	osteolytic	lesions	
revealed	through	radiograph	

(Alt	and	Adler	
1992)	

Myeloma	 Germany	 Middle	Ages	 Unknown	 Female	 Cranial	
fragment	 Osteolytic	lesions	 (Cattaneo	et	al.	

1994)	

Myeloma	 Germany	 13–15th	
century	 45-55	years	 Female	

Cranium,	
Vertebrae,	
Ribs,	Ossa	

Widespread	osteolytic	lesions	
1-5	mm	in	diameter	 (Haidle	1995)	
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coxae,	
Scapula,	

Long	Bones	

‘punched-out’	appearance	in	
cranium	

Myeloma	 Australia	 2nd	millennium	
BCE	 40	years	 Male	 Cranium,	

Mandible	

Multiple	lesions,	varying	in	size	and	
clustering	in	some	areas	

Jagged	edges	with	‘punched-out’	
appearance	

Both	inner	and	outer	tables	were	
destroyed	

(Webb	1995)	

Myeloma	 United	Kingdom	 12–16th	
century	 Mature	adult	 Female	

Cranium,	
Ossa	coxae,	
Vertebrae,	
Ribs	

Profusion	of	small	perforations	
Radiolucent	areas	in	cranium	and	

pelvis	

(Wakely	et	al.	
1998)	

Myeloma	 Hungary	 9–12nd	century	 45-55	years	 Male	

Ossa	coxae,	
Scapulae,	
Clavicle,	
Vertebrae,	
Ribs,	Sacrum	

Osteolytic	lesions	without	reactive	
bony	margins	

(Marcsik	et	al.	
2002)	

Myeloma	 Iceland	 11–16th	
century	 45-50	years	 Female	

Cranium,	
Vertebrae,	
Ribs,	

Scapula,	Ossa	
coxae,	Femur	

Osteolytic	lesions	on	outer	table	of	
cranium,	some	are	internal	
Larger	lesions	formed	due	to	
coalescing	of	smaller	ones	

Sharp	edges	

(Gestsdottir	and	
Eyjolfsson	2005)	

Myeloma	 United	Kingdom	 1–5th	century	 Adult	 Male	

Cranium,	
Vertebrae,	
Scapula,	
Ribs,	Ossa	
coxae,	

Humerus	

Diffuse	‘punched-out’	lytic	lesions	
Small,	well-defined	pits	with	sharp,	

overhanging	edges	
No	evidence	of	remodelling	or	

reactive	bone	

(Walker	2012)	

Myeloma	 Switzerland	 19–20th	
century	 63	years	 Female	

Axial	
Skeleton,	
Scapula,	
Humerus,	
Femur	

Small,	diffused,	osteolytic	lesions	
No	sclerotic	activity	

‘punched-out’	appearance	
Radiograph	revealed	more	internal	

lesions	

(Abegg	and	
Desideri	2018)	
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Nasopharyngeal		
Carcinoma	 Egypt	 3–5th	century	 30-35	years	 Male	

Palatine,	
Maxilla,	

Nasal	Concha	

Bony	destruction	of	the	nasopharynx	
Erosion	and	signs	of	inflammation	

(El-Rakhawy	et	al.	
1971)	

Nasopharyngeal		
Carcinoma	 Egypt	

2–1st	
millennium	

BCE	
35-45	years	 Female	

Maxilla,	
Palatines,	
Vomer,	
Sphenoid	

Destruction	of	facial	skeleton	
Irregular	margins	 (Strouhal	1978)	

Nasopharyngeal		
Carcinoma	 Australia	

3–1st	
millennium	

BCE	
>50	years	 Male	 Maxilla	 Bone	destruction	

Antemortem	tooth	loss	 (Webb	1995)	

Nasopharyngeal		
Tumour	(benign)	 Denmark	 Neolithic	 Adult	 Male	 Cranium	

Destruction	of	the	right	facial	bones,	
including	nasal	cavity	and	lower	half	

of	eye	orbit	
Extends	into	the	maxilla,	exposing	

teeth	roots	

(Bennike	1985)	

Orbital		
Tumour	 Poland	 Unknown	 <2	years	 Unknown	 Cranium	 Destruction	and	malformation	of	the	

eye	orbit	
(Goncerz	et	al.	

2015)	

Osteochondroma	 Denmark	 Roman	Iron	
Age	 Mature	Adult	 Female	 Femur	

Bony	outgrowth	
Consists	of	trabecular	bone	

Broad	base	
Grows	perpendicular	to	long	axis	of	

bone	

(Bennike	1985)	

Osteochondroma	 United	Kingdom	
3–2nd	

millennium	
BCE	

16-18	years	 Female	 Tibia	

Exostosis	
Smooth	transition	of	cortical	bone	

from	growth	to	bone	
Normal	trabeculae	

(Chamberlain	et	al.	
1991)	

Osteochondroma	 Poland	 Medieval	 Adult	 Female	 Femur	

Short	peduncle,	round	and	regular	in	
shape	

Rough	external	surface	
Irregular	cavities	inside	

(Gładykowska-
Rzeczycka	1997)	

Osteochondroma	 Egypt	 7–2nd	century	
BCE	 Young	Adult	 Male	 Ulna	

Bony	outgrowth	with	broad	base	
Cortex	continues	smoothly	on	sides	

of	growth	
Perpendicular	to	long	axis	of	bone	

(Vyhnánek	et	al.	
1999)	
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Osteochondroma	 Croatia	 11th	century	 40-45	years	 Male	 Femur	

Growth	at	femoral	neck	
Irregular	shape,	round,	lumpy	

appearance	
External	surface	smooth	

Cross-section	showed	dense	
trabeculae	and	thin	cortex	

(Šlaus	et	al.	2000)	

Osteochondroma	 Sudan	 14–10th	
century	BCE	 40-55	years	 Male	 Ossa	coxae	

Exostosis	on	anterior	portion	of	
pubis,	extending	outward	

Radiograph	showed	the	outgrowth	
merged	smoothly	with	underlying	
bone	and	inner	structure	consists	of	

normal	trabecular	bone	

(Buzon	2005)	

Osteochondroma	 Sudan	 14–10th	
century	BCE	 >50	year	 Male	 Ossa	coxae	

Exostosis	on	anterior	portion	of	
pubis,	extending	outward	

Radiograph	showed	the	outgrowth	
merged	smoothly	with	underlying	
bone	and	inner	structure	consists	of	

normal	trabecular	bone	

(Buzon	2005)	

Osteochondroma	 Spain	 4–6th	century	 17-25	years	 Female	 Phalanx	
Exostosis	oblique	from	the	long	axis	

of	the	bone	
Radiograph	shows	continual	cortex	

(Zapata	and	
Alcaraz	2007)	

Osteochondroma	 United	Kingdom	 1–5th	century	 1	year	 Indeterminate	 Tibia	
Bony	spur	

Growth	is	continuous	with	medullary	
cavity	

(Walker	2012)	

Osteochondroma	 United	Kingdom	 11–13th	
century	 36-45	years	 Male	 Mandible	

Well-defined	growth	with	flattened	
surface	

Smooth	surface	with	some	spicules	
Growth	is	continuous	with	medullary	

cavity	

(Walker	2012)	

Osteochondroma	 United	Kingdom	 19th	century	 >46	years	 Male	 2nd	
Metatarsal		

Large,	expansive	bone	lesion	
Thin	outer	shell,	continuous	with	

normal	cortex	
(Walker	2012)	

Osteochondroma	 Argentina	 15–17th	
century	 7-10	years	 Unreported	 Clavicle,	

Scapula,	
Proliferative	lesions	of	compact	bone	
Irregular	in	shape	and	distribution	

(Arrieta	et	al.	
2018)	
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Humerus,	
Ulna,	Ossa	
coxae,	
Femur,	
Fibula	

Periosteal	new	bone	formation	
Radiographs	showed	opaqueness	
and	early	formation	of	spicules	

Osteoid	Osteoma	 Greece	 Medieval	 Adolescent	 Male	 Femur	 Unreported	 (Bourbou	2003)	

Osteoid	Osteoma	 Poland	 14–15th	
century	 30-40	years	 Male	 Tibia	 Spindle-shaped	tumour	

Smooth	surface	

(Gładykowska-
Rzeczycka	and	
Myśliwski	1986)	

Osteoma	 Greece	 Classical	
period	 unreported	 Unreported	 Cranium	 Unreported	 (Agelarakis	2002)	

Osteoma	 Israel	 4–7th	century	 Adult	 Female	 Cranium	

Osteoblastic	lesion	on	internal	
surface	

Radiolucent	focus	with	central	
calcification	

(Zias and סאיו  2006)	

Osteoma	 Jericho	
2–1st	

millennium	
BCE	

Adult	 Unknown	 Cranium	
Raised	lesion	

No	bone	alternation	on	endocranial	
surface	

(Blau	2006)	

Osteoma	 Greece	 Bronze	Age	 >35	years	 Male	 Nasal	cavity	

Smooth	neoplasm,	with	flared	edges	
extending	from	ethmoid	into	nasal	

cavity	
Primary	tumour	appears	as	

expansion	of	bone	into	the	orbit,	
resulting	in	bone	thinning	and	

secondary	lytic	lesions	

(Smith	2010)	

Osteoma	 Guatemala	
5th	century	
BCE	–	7th	
century	CE	

35-50	years	 Unknown	 Mandible	 Solitary,	unilateral,	outgrowth	of	
bone	

(Bartelink	and	
Wright	2011)	

Osteoma	 United	Kingdom	 17th	century	 36-45	years	 Male	 Frontal	
Circular	growth	of	dense,	ivery-like	

bone	
Well-defined	sharp	margins	

(Walker	2012)	

Osteoma	 United	Kingdom	 13th	century	 36-45	years	 Male	 Cranium	 No	bony	changes	endocranially	
Spherical	mass	of	bone	 (Walker	2012)	
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Osteoma	 Croatia	 16th	century	 35-50	years	 Female	 Cranium	

Bony	mass	in	frontal	sinus	
Well-defined,	round	growth	

Compact,	dense	bone	
X-ray	showed	dense	mass	with	well-

defined	borders	

(Premužić	et	al.	
2013)	

Osteoma	 Italy	 15–19th	
century	 40	years	 Unreported	 Cranium	 Obscured	by	mummified	tissue	

Revealed	via	CT	scan	 (Licata	et	al.	2016)	

Osteoma	 Italy	 18–19th	
century	 >50	years	 Male	 Frontal	sinus	 Observed	on	radiographic	

examination	of	mummy	
(Piombino-Mascali	

et	al.	2017)	
Osteoma	
(mastoid)	 Chile	 1390	CE	 45-50	years	 Male	 Temporal	 Well	demarcated,	dense	radio-

opaque	mass	 (Castro	et	al.	2019)	

Osteoma		
(spongiosum)	 Poland	 16–18th	

century	 45-50	years	 Female	 Mandible	

Hyperplastic	defect	in	alveolar	
process	and	mandibular	corpus	
Radiograph	revealed	periosteal	
reaction	and	irregular	growth	

(Dąbrowski	et	al.	
2015)	

Osteosarcoma	 United	States	
(Hawaii)	

Pre-European	
contact	 16-23	years	 Female	 Femur	

Proliferative	bone	growth	
Coarse,	coral-like	appearance	

Extended	both	in	and	out	of	bone	
Medular	cavity	filled	with	coarse,	

bone	tissue	
Many,	loose,	irregularly	shaped	
tumourous	bone	fragments	

(Suzuki	1987)	

Osteosarcoma	 Poland	 Medieval	 Mature	adult	 Female	 Humerus	
Cone-shaped	tumour	at	distal	

metaphysis	
Porotic,	irregular	and	rugged	surface	

(Gładykowska-
Rzeczycka	1997)	

Osteosarcoma	 Peru	 12–14th	
century	 30-35	years	 Female	 Humerus	

Circumferentially-distributed	
spicules	at	lower	half	of	diaphysis	

Spicules	at	the	centre	were	
perpendicular	to	cortical	bone	and	
averaged	a	centimetre	in	length	

Spicules	at	the	peripheries	averaged	
1-2	mm	in	length	and	were	at	a	45°	

angle	from	the	cortex	
Sunburst	radiographic	appearance	

(Aufderheide	et	al.	
1997)	
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Osteosarcoma	 Czech	Republic	 11–17th	
century	 20-34	years	 Male	 Parietal,	

Frontal	

Bony	outgrowth	
Irregular	bulging	shape	

Cauliflower	or	coral-like	texture	

(Strouhal	et	al.	
1997)	

Osteosarcoma	 Germany	 12th	century	 Infant	 Probable	Male	 Femur	

Palm-sized,	tumourous	alteration	at	
proximal	region	

Extensive	bone	growth	
Tumour	has	broken	through	cortex	

Periosteal	thickening	and	
ossification	
Bony	spicules	

(Alt	et	al.	2002)	

Osteosarcoma	 Spain	 14–5th	century	
BCE	 Young	Adult	 Probable	

Female	 Cranium	

Lesion	surrounded	by	multiple,	
small,	vascular	defects	

Radiography	revealed	moderate	
sclerotic	reaction	

(Campillo	2005)	

Osteosarcoma	 United	Kingdom	 19th	century	 >45	years	 Male	 Axial	
Skeleton	

Osteolytic	and	osteoblastic	lesions	
penetrating	the	cortex	

“sunburst”	blastic	lesions	on	ribs,	
pelvis	and	vertebrae	

radiographs	reveal	areas	of	bone	
destruction	with	poorly	defined	
margins;	areas	of	sclerosis	

(Ortner	et	al.	
2012)	

Osteosarcoma	 Hungary	 11–12th	
century	 Mature	adult	 Female	

Left	eye	
orbit,	

projecting	
into	nasal	
cavity	

Sunburst	speculation	
Lytic	processes	

(Molnár	et	al.	
2014)	

Osteosarcoma	 Germany	 9th	century	 12-14	years	 Indeterminate	 Humerus,	
Ulna	

Irregular	thickening	of	diaphysis	
Bony	spicules	

(Czarnetzki	and	
Pusch	2015)	

Osteosarcoma	 Panama	 13th	century	 14-16	years	 Probable	
Female	 Humerus	

Large	sclerotic	mass	of	mineralized	
bone	

Localized	lytic	lesions	
On	radiograph,	lesion	was	ill-defined	
with	irregular	dense	matrix	and	
bony	destructive	changed	

(Smith-Guzmán	et	
al.	2018)	
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Neoplasm	 Geographic	
Location	 Era	 Age	 Sex	 Anatomical	

Location	 Pathological	Description	 Reference	

Osteosarcoma		
(Juxtacortical)	 Hungary	 12–13th	

century	 20-22	years	 Male	 Tibia,	Fibula	
Cone-shaped	tumour	

Rough,	irregular	surface	
Bone	spicules	

(Józsa	and	Fóthi	
2003)	

Osteosarcoma		
(Parosteal)	 United	Kingdom	 7–12th	century	 >45	years	 Female	 Humerus	

Spherical	mass	on	the	surface	of	the	
bone	

‘Walnut’	appearance	of	deep	
indentations	with	clusters	of	
protruding	osseous	spicules	

Cortical	thickening	and	erosion	of	
diaphysis	

Radiopaque	mass	with	density	equal	
or	greater	to	adjacent	cortex	

(di	Ruffano	and	
Waldron	2018)	

Paget’s	Sarcoma	 United	Kingdom	 16–17th	
century	 >46	years	 Female	

Cranium,	
Scapula,	

Femur,	Tibia	

Well-defined,	sharp-edged	osteolytic	
lesions,	varying	in	size,	as	well	as	

some	sclerosis	
Radiograph	reveals	what	may	have	
been	soft	tissue	mass	pushing	out	
and	extending	beyond	medial	cortex	

(Walker	2012)	

Teratoma	 Spain	 5th	century	
BCE	 30-40	years	 Female	 Pelvic	girdle	

Spherical,	calcified	mass	
Delicate,	incomplete	structure	

Inner	sediment	contained	deformed	
partial	teeth	and	thin	bone	
Internal	protuberance	with	

additional	teeth	

(Armentano	et	al.	
2012)	

Teratoma	 Peru	 16th	century	 15-20	years	 Female	 Abdomen	
Abdominal	mass	of	bone	and	dental	

fragments	
Unclassifiable	morphology	

(Klaus	and	
Ericksen	2013)	

Teratoma	 Portugal	 15–18th	
century	 >45	years	 Female	 Pelvic	girdle	

Calcified	mass	
Malformed	teeth	embedded	in	

surface	
Irregular	surface	

Disorganized	and	asymmetrical	bone	
formation	

(Wasterlain	et	al.	
2017)	

TABLE	4.2	REPORTED	BIOARCHAEOLOGICAL	CASES	OF	NEOPLASTIC	DISEASE	SINCE	1970.	
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CHAPTER	5 A	SYSTEMATIC	REVIEW	OF	NEOPLASTIC	DISEASE	IN	

BIOARCHAEOLOGY	AND	PALAEOEPIDEMIOLOGY	

5.1	INTRODUCTION	

From	 reviewing	 the	 bioarchaeological	 literature	 regarding	 palaeo-oncology,	 it	 is	 clear	 that	

neoplastic	 identification	 and	 quantification	 have	 been	 the	 two	 overarching	 tenets	 fuelling	 the	 debate	

regarding	the	place	of	neoplastic	disease	in	antiquity.	However,	while	neoplastic	identification	has	often	

been	the	primary	focus	of	palaeo-oncology,	neoplastic	prevalence	seems	to	be	relegated	as	a	secondary	

goal.	 Waldron	 (2001)	 noted	 that	 throughout	 the	 20th	 century,	 while	 palaeopathologists	 debated	 the	

supposed	 rarity	 of	 neoplasms	 in	 the	 past,	 there	 had	 not	 been	 any	 large-scale	 studies	 of	 neoplastic	

prevalence,	 and	 this	 has	 hindered	 palaeo-oncological	 research.	 A	 systematic	 review	 of	 reported	

palaeopathological	 data	 was	 thus	 undertaken	 to	 examine	 the	 palaeoepidemiology	 of	 neoplasms	 in	

bioarchaeology.		

The	aim	of	this	chapter	is	two-fold.	The	first	is	to	fill	a	gap	in	the	bioarchaeological	literature.	To	

date,	 there	 has	 only	 been	 one	 extensive,	 systematic	 review	of	 palaeo-oncological	 research	 (Hunt	 et	 al.	

2018),	but	this	study	was	only	focused	on	palaeopathology	and	did	not	consider	palaeoepidemiological	

contexts	or	investigations	nor	did	it	attempt	to	analyse	this	data.	In	the	past	there	have	been	surveys	of	

palaeopathological	literature	regarding	neoplasms	(Strouhal	1976;	Pahl	1986;	Gerszten	and	Allison	1991;	

Strouhal	1998;	Bourbou	2003;	Gamba	and	Fornaciari	2006;	Murphy	and	McKenzie	2010;	Ghabili	 et	al.	

2016;	Riccomi	 et	 al.	 2019),	but	 these	were	 usually	 limited	 to	 counting	case	 reports,	while	 focusing	 on	

specific	geographic	regions,	time	periods	or	tumour	types.	These	surveys	offer	only	small	glimpses	into	

neoplastic	palaeoepidemiology	and	rarely	consider	the	wider	picture	in	a	global,	bioarchaeological	context.		

The	second	aim	is	to	use	the	palaeoepidemiological	data	from	previous	studies	to	examine	trends	

in	 neoplastic	 prevalence	 over	 time.	 This	 area	 of	 research	 remains	 sparse	 as	 few	 studies	 of	 neoplasm	

prevalence	 have	 been	 undertaken	 and	 they	 have	 remained	 separate	 entities	 of	 investigation,	 rarely	

interacting	 or	 synthesised	with	each	 other.	 An	examination	 of	 trends	 over	 time	will	 involve	creating	 a	

database	of	published	bioarchaeological	literature	that	focuses	on	neoplastic	disease.	This	database	will	be	
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used	 to	 identify	 palaeoepidemiological	 research	 regarding	 neoplasia	 and	 gathering	 them	 for	 further	

analysis.	

5.2	SEARCH	CRITERIA	AND	DATABASE	CREATION	

A	suite	of	search	criteria	was	devised	to	find	and	collect	the	appropriate	literature	to	form	the	basis	

of	this	systematic	review.	The	search	terms	used	were:	benign,	cancer,	malignancy,	neoplasm,	neoplastic,	

palaeoepidemiology,	palaeopathology	and	tumour.	These	terms	were	selected	to	find	the	widest	range	of	

publications,	including	those	that	focused	on	malignant	and	benign	tumours.	Adding	to	this,	there	were	no	

inclusionary	 restrictions	 as	 to	 geographic	 region	 or	 time	period.	However,	 this	 systematic	 review	was	

limited	to	publications	between	1970–2018.	Publications	before	1970	were	not	included	as	their	diagnoses	

and	descriptions	were	at	 times	questionable	or	ambiguous	due	 to	variations	 in	clinical	definitions	and	

knowledge	at	the	time	(Buikstra	and	Roberts	2012).	In	some	cases,	a	potential	tumour	pertaining	to	an	

archaeological	site	or	assemblage	was	reported	initially	and	then	again	in	subsequent	publications	by	the	

same	researchers	(i.e.	Zias	and	Constantini	(1996)	and	Zias	and	 סאיו 	(2006)).	To	compensate	for	this	and	to	

avoid	counting	the	same	palaeopathological	finding	more	than	once,	the	most	recent	publication	was	used.	

Incidentally,	it	is	acknowledged	there	is	a	possibility	that	some	more	recent	publications	were	not	included	

due	to	their	being	in	review	and	not	yet	fully	accessible	at	the	time	of	this	study.	

Terms	were	first	searched	in	Google	Scholar	and	PubMed	and	the	publications	were	then	accessed	

and	downloaded	in	PDF	format	via	the	University	College	London	library	system.	If	this	was	not	possible,	

it	was	attempted	to	access	the	literature	via	the	British	Library,	as	it	is	the	largest	repository	of	academic	

scholarship	in	the	United	Kingdom.	If	a	copy	was	not	available	at	the	British	Library,	the	publication	was	

not	 included.	Again,	 it	 is	 acknowledged	 that	 this	 is	another	 limitation	as	 it	 is	 beyond	 the	 scope	 of	 this	

systematic	review	to	include	every	publication	on	a	global	scale	due	to	limits	on	access.	Palaeopathology	

reference	 books,	 including	 Aufderheide	 and	 Rodríguez-Martín	 (1998),	 Ortner	 (2003),	 Roberts	 and	

Manchester	(2005)	and	Waldron	(2009),	were	consulted	for	citations	to	further	sources,	as	were	article	

reference	lists.	The	Cancer	Research	in	Ancient	Bodies	(CRAB)	Database	(Hunt	et	al.	2017)	was	also	utilized	

to	identify	publications	and	references	of	neoplastic	disease	in	bioarchaeology.	Academic	journals	used	to	

source	publications	were	primarily	from	anthropology	and	archaeology,	as	well	as	some	clinical	journals.	

References	to	conference	abstracts,	presentations	and	proceedings	were	not	 included	in	the	systematic	

review	 nor	 was	 unpublished	 material	 such	 as	 postgraduate	 dissertations	 and	 theses.	 Moreover,	 only	
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publications	in	English	were	included.	It	is	acknowledged	that	this,	too,	may	limit	this	study	as	it	is	likely	

this	excluded	research	 from	scholars	 in	different	geographic	 regions,	 such	as	Asia,	parts	of	Europe	and	

South	America.	Finally,	only	sources	that	included	any	form	of	bioarchaeological	mention	were	included	in	

this	 systematic	 review.	This	excluded	research	 that	examined	 the	antiquity	of	neoplastic	disease	solely	

through	historical,	literary	or	iconographic	evidence	(i.e.	Weiss	(2000b);	Tu	(2010);	Hajdu	(2011a;	2011b);	

Pestle	and	Colvard	(2013)).	

Using	the	search	results,	a	database	of	palaeopathological	research	of	neoplasia	was	created.	This	

consisted	 of	 a	 master	 list	 of	 sources,	 tabulated	 using	 MS	 Excel,	 noting	 the	 researchers,	 the	 year	 of	

publication,	the	publication	type,	the	tumour(s)	reported	and	the	extent	of	assemblage	information.		

The	type	of	publication	was	recorded	because	there	are	a	variety	of	bioarchaeological	sources	that	

discuss	neoplastic	disease.	This	allowed	for	a	more	nuanced	filtration	of	palaeoepidemiological	studies	and	

aimed	to	show	the	disparity,	 if	any,	between	the	different	types	of	publications.	Publication	types	were	

categorized	as:	Case	Reports,	Site	Reports,	Literature	Survey,	Methodology	or	Reference.	Case	Reports	were	

defined	as	publications	that	focus	on	individual	skeletons	or	mummies	that	exhibited	a	neoplastic	condition	

which	was	described	and	diagnosed,	but	there	was	no	palaeoepidemiological	consideration.	A	Site	Report	

consisted	of	a	publication	that	describes	an	archaeological	site	at	length	and	includes	an	analysis	on	the	

skeletal	material,	complete	with	demographics	and	palaeopathological	observations.	Literature	Reviews	

were	publications	that	solely	reviewed	the	palaeopathological	literature	regarding	neoplasia	and	did	not	

offer	 any	 form	 of	 analysis.	 The	Methodology	 category	was	 assigned	 to	 publications	 that	 propose	 and	

describe	 a	 method	 for	 palaeopathological	 research	 for	 neoplasia.	 Lastly,	 Reference	 includes	

palaeopathological	texts	that	provide	overviews	of	neoplastic	disease	and	describe	the	various	types	of	

bone	tumours.	

The	extent	of	assemblage	information	was	classified	as:	None,	Negligible,	Some	or	Detailed.	None	

indicates	that	there	was	no	mention	of	the	skeletal	assemblage,	while	Negligible	refers	to	the	practice	of	

simply	 stating	 the	 total	 number	 of	 individuals.	 The	 Some	 classification	was	 given	 to	 publications	 that	

provided	a	basic	breakdown	of	the	number	of	adults	and	sub-adults,	as	well	as	males	and	females.	Lastly,	

Detailed,	was	assigned	to	publications	where	specific	sex	and	age	categories	were	provided.	
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Criteria	 were	 also	 established	 to	 distinguish	 neoplastic	 palaeoepidemiological	 studies	 from	

palaeopathological	 studies.	To	be	considered	a	 study	 in	neoplastic	palaeoepidemiology,	 the	publication	

needed	to:		

1) Focus	on	neoplasia	as	a	disease	category	and	not	a	specific	cancer	or	tumour	type	
2) Involve	a	defined	assemblage	of	skeletal	or	mummified	remains	
3) Report	some	form	of	prevalence,	frequency	or	the	whole	number	of	observed	cases	

To	add	to	this,	palaeoepidemiological	studies	were	deemed	comparable	if	they,	at	minimum:		

1) Stated	how	many	individuals	were	in	the	assemblage	
2) Provided	demographic	data	regarding	sex	and	age	
3) Stated	how	many	tumours	were	observed		

Ideally,	these	publications	would	also	include	reference	to	inclusion	criteria	that	defined	the	denominator	

for	 their	 study,	 as	 well	 as	 diagnostic	 definitions	 and	 methodological	 approaches.	 In	 cases	 where	 this	

information	was	not	available,	the	researchers	were	contacted	for	clarification.	The	researchers	were	also	

asked	how	they	compared	their	results	to	other	studies	and,	if	a	prevalence	or	frequency	was	reported	as	

high	 or	 low,	 to	what	 standard	 this	was	 compared.	 All	 charts	were	made	with	MS	 Excel	 and	 the	 95%	

confidence	intervals	were	calculated	using	the	software,	Confidence	Interval	Analysis.	

5.3	RESULTS	

The	systematic	review	identified	180	publications	from	1970	to	2018,	that	centred	on	neoplastic	

disease.	 The	majority	 of	 these	were	Case	Reports	 (n=116),	 followed	by	Literature	Reviews	 (n=20),	Site	

Reports	(n=17),	Methodology	(n=14)	and	References	(n=13).	Amongst	the	publications,	106	did	not	report	

any	 information	 regarding	 the	 skeletal	 assemblage.	 The	 case	 reports	 included	 25	 types	 of	 neoplastic	

disease,	consisting	of	both	benign	and	malignant	tumours.	Nonspecific	metastatic	carcinoma	was	the	most	

often	reported	type	of	neoplasm	and	malignancy	(n=38).	Osteomata	and	osteochondromata	were	the	most	

reported	benign	tumours	(n=12).	After	nonspecific	metastatic	carcinoma,	the	next	most	common	reported	

malignancy	was	myeloma	(n=22),	followed	closely	by	metastatic	carcinoma	of	the	prostate	(n=21)	(Figures	

5.1-5.3,	 pages	 156-157).	 With	 respect	 to	 geography,	 the	 published	 literature	 presented	 examples	 of	

bioarchaeological	tumours	from	35	countries,	spanning	Europe,	the	Americas,	Africa,	Asia,	the	Middle	East	

and	Oceania.	The	majority	of	the	reported	cases	were	from	Europe	(n=104)	with	the	most	from	the	United	

Kingdom	(n=33)	(Figure	5.4,	page	158).	The	archaeological	time	periods	from	which	these	tumours	were	

found	varied.	The	latest	reported	cases	were	from	the	20th	century	(Cassidy	1977;	Marques	et	al.	2013)	and	
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the	earliest	was	from	the	Neolithic	(Bennike	1985).	Of	the	175	reported	cases	of	neoplasia,	35	were	from	

before	the	Common	Era.		
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FIGURE	5.1	THE	TYPES	OF	NEOPLASTIC	DISEASE	REPORTED	IN	PALAEOPATHOLOGICAL	CASE	REPORTS	BETWEEN	1970	AND	2018,	N=	175.	
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FIGURE	5.2	THE	TYPES	OF	MALIGNANT	TUMOURS	REPORTED	IN	THE	PALAEOPATHOLOGICAL	CASE	REPORTS	BETWEEN	1970	AND	
2018,	N=130.	
	

	
FIGURE	5.3	THE	TYPES	OF	BENIGN	TUMOURS	REPORTED	IN	THE	PALAEOPATHOLOGICAL	CASE	REPORTS	BETWEEN	1970	AND	
2018,	N=45.	
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FIGURE	5.4	THE	GLOBAL	DISTRIBUTION	OF	REPORTED	BIOARCHAEOLOGICAL	NEOPLASMS.	MAP	BY	T.	SIEK	AND	A.	STARZEC,	2017.	
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5.3.1	NEOPLASTIC	DIAGNOSTIC	TRENDS	IN	PALAEOPATHOLOGY	

While	compiling	the	palaeopathological	literature	in	the	systematic	review,	some	patterns	and	

trends	were	observed	in	the	methodological	approaches	to	neoplastic	disease,	which	will	be	discussed	

herewith	according	to	specific	tumour	types.	

In	regard	to	benign	tumours,	the	osteoma	is	normally	characterized	as	a	smooth,	osteoblastic	

lesion,	most	commonly	found	on	the	cranium.	However,	despite	being	a	commonly	occurring	tumour,	

osteomata	are	not	often	reported	in	bioarchaeology	due	to	its	being	asymptomatic	and	of	little	clinical	

significance.	 If	mention	 is	 given	 to	 an	 osteoma,	 it	 is	 usually	 as	a	 brief	 reference	acknowledging	 its	

presence	or	if	it	has	grown	to	considerable	size	and/or	encroached	into	the	sinuses	or	orbit.	As	a	result	

of	the	apparent	lack	of	interest,	research	on	osteoma	has	been	scarce.	In	response,	Eshed	et	al.	(2002)	

felt	 further	 investigation	 into	 the	 osteoma	 was	 needed	 because	 little	 is	 known	 of	 the	 neoplasm’s	

demographics,	aetiology	or	pathophysiology.	Using	the	Hamann-Todd	Collection	from	the	Cleveland	

Museum	of	Natural	History,	the	researchers	examined	585	human	skulls,	as	well	as	333	skulls	from	

various	 archaeological	 sites	 dated	 to	 the	 Roman-Byzantine	 and	 late	 Arab	 period,	 recording	 the	

observed	 osteomata	 according	 to	 size	 and	 location	 (Eshed	 et	 al.	 2002).	 They	 found	 an	 average	

frequency	of	38%	in	the	modern	crania	and	41%	in	the	archaeological	material	(Eshed	et	al.	2002).	

Further	research,	such	as	that	of	Eshed	et	al.	(2002),	would	give	more	insight	to	so-called	‘common’	

tumours	 that	 are	 not	 actually	well	 understood.	With	 regard	 to	 osteoid	 osteomata,	 few	 have	 been	

reported	in	palaeopathology,	and	this	is	possibly	due	to	them	being	overlooked	because	of	their	small	

size	 or	 being	mistaken	 for	 other	 forms	 of	 pathology.	Osteochondroma	 is	 often	 reported	due	 to	 its	

prominent	placement	and	obvious	appearance.	It	is	typified	as	an	exostosis	or	overgrowth	that	projects	

from	the	 long	axis	of	 the	bone	with	smooth	edges	and	no	distinction	between	 the	 tumour	and	 the	

normal	bone.	On	a	radiograph,	it	is	shown	to	be	composed	of	normal	trabeculae	with	a	thin	cortex	that	

merges	easily	with	the	underlying	bone.	It	is	reported	in	young	and	mature	adults,	most	often	in	the	

appendicular	skeleton.	In	contrast,	enchondromata,	another	benign	cartilaginous	neoplasm,	are	not	

often	 reported.	 Reports	 of	 meningioma	 normally	 highlight	 a	 characteristic	 external	 hyperostotic	

overgrowth	of	porous,	woven	bone	on	 the	cranium,	although	 this	 is	usually	an	extreme	 form.	Few	

reports	mention	the	characteristic	lesions	on	the	inner	table,	as	described	by	Waldron	(2009),	which	
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consists	of	a	pressure	lesion	with	rounded	edges	and	a	distended	artery	from	the	middle	meningeal	

system,	which	acted	as	a	blood	supply.	

In	 regard	 to	 malignancies,	 osteosarcoma	 is	 the	 most	 reported	 primary	 bone	 tumour	 in	

palaeopathology	as	it	is	a	highly	visible	and	striking	tumour.	Osteosarcoma	originates	within	the	long	

bones,	most	commonly	at	the	knee	joint	and	expands	outward	until	it	breaches	the	periosteum	and	

cortex.	 Descriptions	 of	 the	 tumour	 most	 often	 include	 mention	 of	 bony	 spicules	 that	 extend	

perpendicular	to	the	bone.	The	radiographic	appearance	is	always	described	as	having	a	characteristic	

‘sunburst’	appearance	and	at	times	mention	is	made	of	a	Codman’s	triangle	(Odes	et	al.	2016).	Multiple	

myeloma	is	another	malignancy	that	is	commonly	reported	in	the	palaeopathological	literature.	It	is	

observed	in	mature	adults	and	is	always	characterized	by	‘punched	out’	osteolytic	lesions.	These	are	

small,	 widespread	 holes	 with	 a	 focus	 in	 the	 cranium	 and	 vertebrae,	 with	 no	 sclerotic	 activity.	

Leukaemia	has	only	recently	started	to	be	reported	in	palaeopathology.	Aside	from	Rothschild	et	al.’s	

(1997)	 research	 using	 the	 Hamann-Todd	 Collection,	 leukaemia	 has	 been	 poorly	 explored	 in	

bioarchaeological	contexts	and	requires	further	research	into	its	skeletal	presentation.	

Metastases	 are	 the	most	 frequently	 reported	 forms	 of	 neoplasia	 in	 the	 palaeopathological	

literature	 and	 possibly	 viewed	 as	 the	 most	 compelling	 because	 it	 is	 the	 closest	 form	 of	 physical	

evidence	 for	 ancient	 soft-tissue	 cancers,	 apart	 from	 mummified	 remains.	 Interestingly,	 many	

palaeopathological	reports	describing	metastases	begin	by	stating	cancers	are	rare	in	bioarchaeology	

and	promptly	illustrate	this	by	producing	a	short	 list	of	previous	cases	reported	in	the	same	region	

(Anderson	et	al.	1992;	Buzon	2005;	Binder	et	al.	2014;	Caruso	et	al.	2017).	Unsurprisingly,	metastases	

are	most	often	reported	in	the	remains	of	mature	adults,	irrespective	of	sex.	The	observed	lesions	are	

usually	asymmetrically	distributed	along	the	axial	skeleton	but	can	also	be	found	on	the	scapulae	and	

femora;	the	other	long	bones	are	uncommon	but	not	impossible	locations.	Osteolytic	lesions	are	the	

more	common	variant	and	are	usually	noted	to	vary	in	size	with	ragged,	undercut	edges.	The	sclerotic	

variant	 is	often	described	as	rough,	coarse	new	bone	akin	to	a	coral-like	appearance	(Suzuki	1989;	

Anderson	et	al.	1992).	A	mixed	osteolytic	and	sclerotic	manifestation	is	also	possible.	Since	metastatic	

lesions	originate	within	the	bone	and	expand	outward,	radiographs	often	reveal	more	internal	lesions	

than	would	otherwise	be	seen.	With	skeletal	remains	it	is	difficult	to	determine	the	primary	site	of	

metastatic	lesions.	An	estimate	can	be	made	from	the	lesion	pattern,	location	and	concentration,	but	
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generally,	osteoblastic	or	sclerotic	lesions	in	a	male	are	attributed	to	carcinoma	of	the	prostate,	while	

mixed	 or	 osteolytic	 lesions	 in	 a	 female	 are	 recognized	 as	 carcinoma	 of	 the	 breast.	 Lung	 cancer	 is	

sometimes	proposed	for	osteolytic	metastases	in	male	skeletons.		

The	diagnostic	 trends	observed	 in	 the	 literature	reveal	 that	palaeopathological	 criteria	are	

effective	but	only	for	tumour	types	that	are	well	known	and	familiar,	echoing	the	results	of	Miller	et	al.	

(1996).	While	anatomical	 location,	age	and	sex	are	relevant	factors	for	a	differential	diagnosis,	they	

should	not	be	the	sole	criteria	to	rely	on	and,	at	times,	it	may	be	sufficient	to	have	a	categorical	diagnosis	

of	‘malignant’	or	‘benign’	rather	a	specific	tumour	type.		

5.3.2	PALAEOEPIDEMIOLOGICAL	INVESTIGATION	INTO	NEOPLASTIC	DISEASE	

This	 systematic	 review	 identified	 17	 citations	 regarding	 neoplastic	 prevalence	 in	 the	 past.	

Seven	 publications	 (Strouhal	 1976;	 Farkas	 and	 Marcsik	 1979;	 Gładykowska-Rzeczycka	 1982;	

Blondiaux	1984;	Waldron	1996;	Strouhal	1998;	Strouhal	et	al.	1998)	were	discounted	because	they	

were	in	a	foreign	language,	a	conference	abstract	or	did	not	meet	the	defined	inclusion	criteria.	The	

remaining	10	publications	(Table	5.1,	page	162)	were	classified	as	a	palaeoepidemiological	study,	as	

per	the	defined	inclusion	criteria.	The	10	studies	were	geographically	limited	to	Egypt	and	Central	and	

Eastern	Europe	and	covered	a	 large	 time	span	 from	as	early	as	 the	Neolithic	 to	as	 late	as	 the	19th	

century	CE.	The	number	of	bioarchaeological	assemblages	per	investigation	ranged	from	1-27	and	the	

number	of	individuals	per	assemblage	varied	from	81-3,967.	The	crude	prevalence	of	tumours	ranged	

from	0.3%-6.2%.		
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Study	#	 Geographic	Region	
and	Time	Period	

Assemblage	
Information	 Assemblage	Total		

Number	of	
Reported	Benign	
and	Malignant	
Neoplasms	

Reported	Crude	
Prevalence	

95%	
Confidence	

Interval	Range	
Reference	

1	 Egypt	
7–4th	century	BCE	 Negligible	 280	 4	 1.4%	 0.6	–	3.6	 (Strouhal	and	

Vyhnánek	1982)	

2	 Hungary	
6–7th	century	 Negligible	 518	 16	 3.1%	 1.9	–	4.9	 (Pálfi	1989)	

3a	
Poland	

Neolithic	Age	to	
Medieval	Age	

Some	 2,653	 61	 2.3%	 1.7	–	2.9	

(Gładykowska-
Rzeczycka	1991)	3b	

Czechoslovakia	
Chalcolithic	Age	to	
19th	century	CE	

Some	 2,584	 60	 2.3%	 1.8	–	2.9	

3c	 Russia	
10–11th	century	 Some	 294	 9	 3.1%	 1.6	–	5.7	

4	 Germany	
5–8th	century	 Negligible	 81	 5	 6.2%	 2.7	–	13.6	 (Schultz	1992)	

5	 Czech	Republic	
13–18th	century	 Negligible	 554	 5	 0.9%	 0.4	–	2.1	 (Strouhal	et	al.	

1996a;	1996b)		

6	 Egypt	
1500–500	BCE	 Some	 325	 4	 1.2%	 0.5	–	3.1	 (Zink	et	al.	1999)	

7a	 Egypt	
3200–500	BCE	 Some	 905	 5	 0.6%	 0.2	–	1.3	 (Nerlich	et	al.	

2006)	7b	 Germany	
1400–1800	 Some	 2,547	 13	 0.5%	 0.3	–	0.9	

8	 Hungary	
14–15th	century	 Some	 426	 26	 6.1%	 4.2	–	8.8	 (Farkas	et	al.	

2007)	

9	 Hungary	
3–16th	century	 Negligible	 3,967	 13	 0.3%	 0.2	–	0.6	 (Molnár	et	al.	

2009)	

10	
Egypt	

11th	century	BCE–5th	
century	CE	

Detailed	 1,087	 6	 0.5%	 0.3	–	1.2	 (Molto	and	
Sheldrick	2018)	

TABLE	5.1	THE	NEOPLASTIC	PALAEOEPIDEMIOLOGICAL	STUDIES	IDENTIFIED	IN	THE	SYSTEMATIC	REVIEW.	THE	95%	CONFIDENCE	INTERVAL	RANGES	WERE	CALCULATED	BY	THE	AUTHOR	USING	THE	AVAILABLE	
PUBLISHED	DATA.	NEGLIGIBLE	=	ONLY	PROVIDED	TOTAL	NUMBER	OF	INDIVIDUALS;	SOME	=	ONLY	PROVIDED	NUMBER	OF	ADULTS	AND	SUB-ADULTS;	DETAILED	=	PROVIDED	SEX	AND	AGE	CATEGORIES.	
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5.3.2.1	The	Identified	Palaeoepidemiological	Investigations	

Study	1	(Strouhal	and	Vyhnánek	1982)	used	two	assemblages	from	ancient	Egypt	dated	from	

the	 7–4th	 century	 BCE,	 consisting	 of	 a	 total	 of	 280	 individuals,	 of	which	 four	 exhibited	 neoplastic	

lesions.	The	researchers	made	it	known	that	this	was	not	a	systematic	search	for	tumours	within	the	

assemblages,	and	one	of	the	malignancies	was	found	incidentally	while	radiographing	a	benign	tumour.	

They	reported	a	crude	prevalence	of	1.4%	and	concluded	malignant	neoplasms	were	not	negligible	in	

the	past.	There	was	no	further	analysis	or	comparison	to	other	sites	or	regions	and	the	researchers	did	

not	provide	any	information	regarding	the	sex	and	age	breakdown	of	the	two	assemblages	in	question.		

Study	 2	 (Pálfi	 1989)	 focused	 on	 a	 Hungarian	 assemblage	 from	 the	 6–7th	 century.	 This	

assemblage	consisted	of	518	individuals.	Thirteen	benign	and	three	malignant	tumours	were	observed	

using	macroscopy,	radiography	and	scanning	electron	microscopy.	The	researcher	reported	a	crude	

prevalence	of	3.1%	and	stated	this	was	similar	to	the	findings	of	Gładykowska-Rzeczycka	(1988)	in	her	

examination	of	tumours	from	assemblages	in	Poland	(1.9%)	and	Czechoslovakia	(2.3%).	However,	it	

is	 unclear	 how	 the	 researcher	 justified	 this	 similarity	 in	 prevalence.	 The	 prevalence	 reported	 by	

Gładykowska-Rzeczycka	(1988)	was	in	reference	to	assemblages	consisting	of	over	2,000	individuals,	

while	Study	2	was	a	much	smaller	assemblage	of	518.	There	was	no	account	for	the	disparity	between	

the	size	of	 the	 investigated	assemblages,	and	 it	was	not	known	 if	any	kind	of	 standardization	was	

employed.	Pálfi	(1989)	also	compared	the	prevalence	of	malignancy	in	his	assemblage,	at	0.57%,	to	

that	of	malignancies	in	studies	by	Farkas	and	Marcsik	(1979)	and	Blondiaux	(1984),	both	of	which	

were	not	published	in	English	and	could	not	be	verified.	Again,	the	researcher	simply	compared	the	

crude	prevalence	based	on	the	reported	percentage.		

Study	 3a,	 3b	 and	 3c	 (Gładykowska-Rzeczycka	 1991)	 was	 centred	 on	 Central	 and	 Eastern	

Europe,	 specifically	 Poland	 (3a),	 Czechoslovakia	 (3b)	 and	 Russia	 (3c).	 This	 study	 was	 based	 on	

previously	reported	neoplastic	cases	from	a	number	of	different	archaeological	sites	(eight	Polish,	27	

Czechoslovak	and	one	Russian),	spanning	from	the	Neolithic	to	the	Modern	Era	and	seemed	to	be	an	

extension	of	an	earlier	study	(Gładykowska-Rzeczycka	1982)	as	the	researcher	references	the	same	

Polish	assemblages.	Only	one	Russian	cemetery	was	examined	because	many	of	the	diagnoses	from	

other	Russian	sites	remained	ambiguous.	As	with	Studies	1	and	2,	there	was	no	reference	to	age-	or	sex-
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specific	 prevalence	 among	 the	 Polish,	 Czech	 and	 Russian	 assemblages	 nor	was	 demographic	 data	

provided.	 Gładykowska-Rzeczycka	 (1991)	 ended	 her	 report	 stating	 the	 crude	 prevalence	 for	

Czechoslovakia,	Poland	and	Russia	but	did	not	offer	any	comparisons.	

Study	4	(Schultz	1992)	used	a	German	assemblage	dated	to	the	5–8th	century.	In	this	study,	the	

researcher	 reported	 a	 crude	 prevalence	 of	 6.2%,	 based	 on	 five	 benign	 tumours	 among	 81	 of	 230	

individuals.	Only	the	skulls	were	examined,	with	no	reason	given	as	to	why	the	postcranial	remains	

were	excluded.	Schultz	 (1992)	claimed	 the	crude	prevalence	of	6.2%	was	high	but	did	not	give	an	

indication	 as	 to	why	 this	 percentage	was	 considered	 so	 nor	 to	what	 it	 was	 being	 compared.	 The	

researcher	 attempted	 to	 compare	 the	 results	 to	 a	German	 assemblage	 from	 the	Neolithic	 (Schultz	

1990)	and	an	Egyptian	assemblage	from	the	6–11th	century,	but	this	was	limited	to	noting	that	these	

assemblages	also	exhibited	examples	of	malignancy.		

Study	5	(Strouhal	et	al.	1996a;	1996b)	was	comprised	of	two	publications	by	the	same	group	

of	researchers	and	utilize	the	same	assemblage.	One	publication	focused	on	malignancies	(Strouhal	et	

al.	1996a),	while	the	other	highlighted	the	benign	tumours	(Strouhal	et	al.	1996b).	The	assemblage	was	

from	the	Czech	Republic	and	dated	to	the	13–18th	century.	It	consisted	of	554	individuals	with	a	total	

of	 five	 reported	neoplasms,	 resulting	 in	 a	 calculated	 crude	prevalence	 of	 0.9%.	 In	 Strouhal	et	 al.’s	

(1996a)	 discussion,	 no	 attention	was	 given	 to	 the	 prevalence	 of	 the	 benign	 tumours	 either	 in	 the	

context	of	their	study	or	in	the	broader	aspects	of	palaeopathology.	Prevalence	was	only	discussed	in	

regard	to	the	number	of	malignancies	from	the	Czech	assemblage	(0.54%)	(Strouhal	et	al.	1996a).	To	

further	analyse	their	results,	the	researchers	added	their	three	reported	cases	of	malignancy	to	the	

total	number	of	case	reports	from	a	previous	survey	(Strouhal	1994).	Strouhal	et	al.	(1996a)	then	used	

the	new	sum	of	107	reported	neoplasms	as	a	denominator	and	reported	a	frequency	of	38.3%	for	lytic	

metastases	and	16.8%	for	multiple	myeloma.	However,	these	reported	frequencies	only	give	insight	to	

how	many	bioarchaeological	cases	were	uncovered	and	give	no	indication	to	the	actual	prevalence	of	

neoplasms	in	the	past.	

Study	6	(Zink	et	al.	1999)	used	an	assemblage	from	ancient	Egypt,	dated	from	1500–500	BCE.	

Among	the	325	adult	remains	examined,	there	were	four	reported	cases	of	malignancy,	resulting	in	a	

crude	 prevalence	 of	 1.2%.	 The	 researchers	 applied	 a	method	 of	malignancy	 frequency	 estimation	
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proposed	by	Waldron	(1996),	which	used	data	from	an	early	20th	century	English	population.	They	

used	256	individuals	where	sex	and	age	were	established,	representing	62%	of	the	total	assemblage,	

reasoning	the	number	of	immature	and	adult	individuals	was	almost	the	same	proportion	as	the	entire	

assemblage	and	therefore	representative	of	the	whole.	Using	the	data	from	the	English	population,	the	

researchers	calculated	an	expected	range	of	one	to	two	cases,	which	contrasted	with	the	four	that	were	

reported.	 Zink	 et	 al.	 (1999)	 concluded	 that	 neoplastic	disease	was	 not	 a	 rare	event	 in	 the	ancient	

Egyptian	assemblage.		

Study	7a	and	7b	(Nerlich	et	al.	2006)	utilized	two	Egyptian	assemblages	from	3200–500	BCE	

(7a)	 and	 a	 German	 assemblage	 dating	 from	 the	 15–19th	 century	 (7b).	 The	 Egyptian	 assemblages	

totalled	905	individuals,	with	five	reported	malignancies,	while	in	the	German	assemblage,	there	were	

13	reported	malignancies	from	2,547	individuals.	The	crude	prevalence	for	the	Egyptian	assemblage	

was	0.6%	and	for	the	German	assemblage	it	was	0.5%.	Nerlich	et	al.	(2006)	also	employed	Waldron’s	

(1996)	method	for	estimating	malignancy	frequency.	For	the	Egyptian	assemblages	the	researchers	

calculated	a	 lower	and	upper	 limit	of	 four	 to	nine	expected	malignant	cases,	while	for	 the	German	

assemblage	the	calculated	range	was	between	11	and	20.	As	the	number	of	reported	cases	of	malignant	

tumours	for	the	Egyptian	and	German	materials	fell	within	the	calculated	expected	upper	and	lower	

ranges,	the	researchers	concluded	there	was	not	a	significant	difference	in	frequency.	There	was	no	

other	comparison	between	the	Egyptian	and	German	assemblages.		

Study	8	(Farkas	et	al.	2007)	centred	on	a	Hungarian	assemblage	from	the	14–15th	century.	The	

assemblage	consisted	of	over	3,000	individuals,	but	the	researchers	focused	their	investigation	on	426	

(11%	of	the	total	assemblage)	well-preserved,	complete	skeletons.	From	among	the	skeletons	under	

investigation,	23	benign	tumours	and	three	malignancies	were	reported.	The	researchers	claimed	the	

resulting	crude	prevalence	of	6.1%	to	be	high	but	offered	no	substantial	comparison	to	support	their	

assertion.		

Study	9	(Molnár	et	al.	2009)	examined	12	Hungarian	assemblages	from	the	3–16th	century.	

From	the	3,967	skeletons	examined,	13	malignancies	were	reported,	resulting	in	a	crude	prevalence	of	

0.3%.	No	comparison	was	attempted	between	the	12	assemblages	or	to	other	palaeoepidemiological	
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studies.	Molnàr	confirmed	there	was	no	consideration	for	the	age-sex	prevalence	nor	was	there	specific	

inclusion	criteria	(pers.	comm.	20	October	2017).		

Study	 10	 (Molto	 and	 Sheldrick	 2018)	 focused	 on	 two	 assemblages,	 including	 skeletal	 and	

mummified	remains,	from	Egypt,	dating	from	the	Third	Intermediate	period	(c.	1100–680	BCE)	to	the	

Roman	period	(50–450	CE).	The	researchers	identified	six	cases	of	neoplastic	disease	from	a	total	of	

1,087	individuals,	resulting	in	a	crude	prevalence	of	0.5%.	Unlike	the	previous	nine	studies,	Study	10	

does	 provide	 detailed	 demographic	 data	 of	 the	 skeletal	 assemblages,	 but	 the	 researchers	 did	 not	

calculate	 sex-age-specific	 prevalence.	 Instead,	 the	 researchers	 compared	 their	 data	 to	 the	modern,	

cumulative	 and	 cross-sectional,	 lifetime	 cancer	 risk	 (LTCR)	 statistic.	 Citing	 Greaves	 (2015),	 the	

researchers	assert	that	the	LTCR	for	males	and	females	in	modern	Western	societies	is	50%	or	500	per	

1000.	In	contrast,	the	LTCR	for	the	Egyptian	site,	according	to	the	researchers’	data,	was	5	per	1000,	

which	is	a	hundred	times	less	than	the	modern	LTCR.	However,	the	LTCR	does	not	account	for	age	or	

sex	and	relies	on	the	reported	crude	prevalence.		

5.3.2.2	Comparing	the	Reported	Data		

These	10	studies	differ	in	their	methodological	approach	and	the	representation	of	their	data	

and	results.	None	of	them	report	age-specific	prevalence	and	most	exclude	benign	neoplasms	and	sub-

adults.	The	researchers	also	do	not	give	any	detail	regarding	how	they	accounted	for	incomplete	data	

in	 the	 form	of	 partial	 skeletal	 remains.	Moreover,	 none	 of	 the	 studies	 provided	 a	 95%	 confidence	

interval	to	accompany	their	reported	crude	prevalence.	As	was	reviewed	in	Chapter	2,	95%	confidence	

intervals	indicate	the	precision	or	imprecision	of	proportions	when	drawing	inferences	from	a	sample	

group	 for	 a	 larger	 population	 (Gardner	 and	 Altman	 2000b;	 Centers	 for	 Disease	 Control	 2012).	 A	

confidence	interval	produces	an	upper	and	lower	range	of	values	that	are	plausible	for	the	population	

and	represents	 the	range	between	which	 the	estimate	of	 frequency	would	 lie	 in	95	of	a	100	 trials	

(Gardner	and	Altman	2000a;	Souza	et	al.	2003).	A	large	or	wide	confidence	interval	indicates	a	 low	

level	 of	 precision,	 while	 a	 small	 or	 narrow	 confidence	 interval	 indicates	 a	 high	 level	 of	 precision	

(Szumilas	2010;	Centers	for	Disease	Control	2012).	

Due	to	the	lack	of	reported	assemblage	data	in	nine	of	the	10	identified	studies,	as	well	as	the	

lack	 of	 clear	 denominator	 definitions	 and	 inclusion	 criteria,	 it	 was	 not	 possible	 to	 perform	 any	
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meaningful	statistical	comparisons	in	this	systematic	review,	such	as	in	regard	to	sex	and	age	or	other	

factors	such	as	time	period	or	geographic	location.	However,	it	was	possible	to	use	the	data	provided	

to	calculate	the	95%	confidence	interval	ranges	to	at	least	judge	the	precision	of	each	study’s	reported	

crude	prevalence.	Referring	to	Figure	5.5	(page	168),	it	was	observed	that	Study	4	and	Study	8,	both	of	

which	 reported	 the	 highest	 crude	 prevalence	 for	 their	 assemblages,	 also	 had	 the	 largest	 95%	

confidence	interval	ranges,	indicating	a	low	level	of	precision.	In	contrast,	Studies	7,	9	and	10,	which	

reported	the	lowest	crude	prevalence,	had	the	smallest	95%	confidence	interval	ranges,	indicating	a	

high	level	of	precision.	These	results	and	the	broader	implications	of	previous	palaeoepidemiological	

investigations	in	neoplastic	disease	will	be	discussed	in	the	following	section.	
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FIGURE	5.5	A	VISUAL	REPRESENTATION	OF	THE	REPORTED	CRUDE	PREVALENCE	AND	THE	CALCULATED	95%	CONFIDENCE	INTERVALS	FOR	THE	10	IDENTIFIED	PALAEOEPIDEMIOLOGICAL	STUDIES.	
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5.4	PALAEO-ONCOLOGY	AND	PALAEOEPIDEMIOLOGY	

Previous	palaeoepidemiological	investigations	into	neoplastic	disease	have	not	been	effective	

and	this	has	been	a	major	hindrance	in	palaeo-oncology.	This	systematic	review	revealed	not	only	is	

there	a	shortage	of	these	kinds	of	investigations	with	only	10	being	undertaken	since	1970,	but	there	

is	also	a	lack	of	methodological	standardization	when	these	studies	are	done.	The	methods	employed	

by	previous	researchers	to	detect	neoplasms	consisted	of	standard	palaeopathological	practice,	in	that	

they	utilized	both	macroscopy	and	radiography	and	some,	such	as	that	of	Pálfi	(1989),	elected	to	use	

other	forms	of	imaging	such	as	scanning	electron	microscopy.	However,	the	faults	in	these	studies	do	

not	 lie	with	 their	 detection	 of	 neoplasms	but	 rather	 in	 the	 execution	 of	 their	 investigations	 at	 the	

palaeoepidemiological	level.	In	these	studies,	malignancies	often	take	precedence	and	benign	tumours	

are	usually	ignored.	Some	rely	on	the	number	of	published	cases	and	published	academic	literature.	

They	do	not	include	pertinent	assemblage	information	regarding	the	demographic	breakdown	or	state	

pre-defined	inclusion	criteria.	They	also	only	present	the	crude	prevalence	rate	and	do	not	employ	

confidence	 intervals	 or	 any	 form	of	 standardization	 or	 odds	 or	 risk	 ratio.	Moreover,	 these	 studies	

remain	isolated	pieces	of	academic	scholarship	as	they	rarely	make	associations	with	previous	studies,	

beyond	 comparing	 the	 reported	 crude	 prevalence.	 These	 methodological	 flaws	 will	 be	 discussed	

herewith.		

5.4.1	METHODS	AND	LIMITATIONS	IN	PREVIOUS	PALAEOEPIDEMIOLOGICAL	STUDIES	

Past	 investigations	 limited	 their	 scope	by	mainly	 focusing	on	malignancy	and	disregarding	

benign	tumours,	as	was	done	by	Strouhal	and	Vyhnánek	(1982),	Zink	et	al.	(1999),	Nerlich	et	al.	(2006)	

and	Molnár	et	al.	(2009).	These	studies	never	provide	any	substantive	reasons	for	why	malignancy	is	

the	main	target	of	their	investigation	or	for	their	exclusion	of	benign	tumours.	The	category	of	benign	

tumours	is	distinguished	by	more	than	just	the	osteoma	and	the	osteochondroma,	as	was	explained	in	

Chapter	2.	Although	some	benign	tumours	may	be	asymptomatic	or	non-life-threatening,	citing	this	as	

a	justification	to	not	count	these	tumours	is	not	a	valid	reason.	Like	malignancies,	some	benign	tumours	

can	obstruct	blood	vessels,	press	on	nerves,	cause	a	great	deal	of	discomfort	and	pain	and	in	some	cases	

develop	 into	 malignant	 cancers	 (Greenspan	 et	 al.	 2007).	 For	 instance,	 although	 meningioma	 is	

considered	to	be	a	benign	form	of	neoplastic	disease,	it	can	be	fatal	if	it	reaches	sufficient	size	and,	on	

rare	occasions,	it	may	metastasize	to	the	lungs,	abdominal	viscera	and	lymph	nodes	(Rawat	et	al.	1995).	
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The	negative	impacts	of	a	benign	tumour	can	go	also	beyond	function,	as	their	size	and	placement	could	

lead	to	disfigurement	and	death.	Benign	tumours	must	not	be	overlooked	or	ignored	simply	because	

they	lack	the	ability	to	metastasize.	Moreover,	due	to	their	exclusion,	there	is	no	data	regarding	the	

prevalence	 of	 benign	 tumours	 in	 either	 the	 past	 or	 in	 the	 present.	 Excluding	 benign	 tumours	 also	

decreases	the	total	number	of	observed	tumours	and	results	in	an	underestimation	of	overall	neoplasm	

prevalence.		

In	the	systematic	review,	 it	was	observed	the	majority	of	publications	of	neoplastic	disease	

were	case	reports	and	some	palaeoepidemiological	studies,	such	as	that	of	Gładykowska-Rzeczycka	

(1991),	presented	their	findings	based	on	the	number	of	these	case	reports.	This	is	problematic	for	a	

few	reasons,	the	first	of	which	is	the	nature	in	which	case	studies	are	published.	These	works	highlight	

and	 describe	 a	 specific	 tumour	 from	 a	 single	 or	 small	 number	 of	 individuals,	 found	 at	 a	 specific	

archaeological	 site	 but	 seldom	 offer	 any	 conclusions	 or	 insights	 to	 palaeo-oncology	 in	 a	 broader	

context.	Though	they	add	to	the	literature	and	extend	the	number	of	published	examples,	most	are	

used	to	draw	attention	to	extreme	cases	that	were	previously	unseen	and	are	thus	deemed	peculiar	

and	interesting.	Moreover,	there	is	a	strong	tendency	for	researchers	to	exclude	relevant	contextual	

information	 about	 the	 skeletal	 assemblage,	 such	 as	 basic	 demographic	 information	 and/or	 the	

archaeological	 site	 from	 which	 the	 tumour	 was	 found,	 especially	 in	 literature	 surveys.	 As	 a	

consequence	of	this,	the	only	conclusion	that	can	be	gleaned	from	a	case	report	is	the	reported	tumour	

type	was	present	in	that	particular	population	at	that	particular	point	in	time.	In	essence,	case	reports	

can	 only	 act	 as	 temporal	 signposts	 for	 neoplastic	 disease,	 constantly	 being	 pushed	 back	 as	 older	

examples	are	found.	Ideally,	case	reports	should	be	analysed	as	a	single	dataset	to	answer	questions	

regarding	prevalence	patterns	over	time.	As	of	present,	there	has	been	only	one	attempt	to	analyse	

case	 reports	 as	 a	 single	 dataset	 (Hunt	 et	 al.	 2018),	 and	 their	 results	 were	 limited	 because	 their	

geographic	data	is	not	reflective	of	a	palaeoepidemiological	distribution	and	the	absence	of	sex	and	

age-specific	population	data	made	it	impossible	to	estimate	stratum-specific	prevalence.	This	is	due	to	

the	differences	 in	 the	methodological	approach	of	a	 case	study	and	 the	omission	of	 reported	data.	

However,	if	more	contextual	data	were	made	available,	it	could	be	possible	to	integrate	it	into	a	broader	

palaeoepidemiological	snapshot	of	neoplasm	prevalence,	examining	other	factors	such	as	age,	sex	and	

socioeconomic	status.	Furthermore,	while	literature	surveys	are	meant	to	give	an	overview	on	the	state	



	 171	

of	neoplastic	research,	some	researchers	take	this	as	concrete	evidence	for	the	absolute	number	of	

neoplasms	in	the	bioarchaeological	record.	For	example,	in	his	survey,	Strouhal	(1998)	reported	a	total	

of	176	cases	of	neoplasms	recorded	in	the	bioarchaeological	record	at	the	time	of	publication.	This	total	

was	 later	 repeated	 by	 researchers	 (David	 and	 Zimmerman	 2010;	 Esche	 et	 al.	 2010)	 and	 used	 as	

evidence	for	the	low	prevalence	of	neoplastic	disease	and	its	rarity	in	the	past.	However,	aside	from	

not	giving	any	further	information	as	to	how	this	total	was	attained	and	on	what	basis,	Strouhal	stated,	

after	dividing	the	number	of	reported	neoplasms	among	select	geographic	regions,	“the	high	shares	of	

the	regions	mentioned	do	not	reflect	their	real	dominance	in	prevalence	[…]	but	are	the	result	of	the	

number	 of	 skeletal	 series	 available	 and	 of	 the	 interest	 of	 palaeopathologically	 trained	 researchers	

working	on	them”	(1998:	101).	Essentially,	the	number	of	reported	cases	in	the	literature	is	the	result	

of	the	number	of	skeletal	assemblages	available	for	study	and	the	interest	of	the	researcher.	If	one	is	

not	looking	for	neoplastic	disease,	then	it	will	not	be	found.	

Another	 fault	 of	 previous	 paleoepidemiological	 studies	 is	 their	 propensity	 to	 lack	 detailed	

demographic	 data	 regarding	 the	 assemblage	 under	 investigation.	 A	 palaeoepidemiological	

investigation	should	provide	as	much	demographic	information	as	possible	regarding	the	assemblages	

in	question.	This	includes	the	exact	number	of	individuals,	along	with	a	breakdown	of	the	sex	and	age	

categories.	Without	 this	 level	 of	 transparency,	 the	 image	 of	 the	 assemblage	 under	 investigation	 is	

incomplete	 and	 of	 little	 use	 to	 future	 researchers.	 In	 their	 study,	 Zink	 et	 al.	 (1999)	 state	 their	

assemblage	consisted	of	415	individuals,	of	which	325	were	adults	and	age	and	sex	were	established	

for	256.	A	simple	age	breakdown	is	given	but	only	in	percentages	rather	than	specific	numerals	and	it	

is	unclear	as	to	if	this	breakdown	was	for	the	325	adults,	the	group	of	256	or	the	entire	assemblage.	

There	is	also	no	mention	of	the	difference	between	males	and	females.	When	discussing	their	results,	

Zink	et	al.	(1999)	refer	to	their	data	as	four	cases	of	malignancy	out	of	the	325	adults.	Apart	from	the	

confusion	created	by	the	three	groupings	presented	by	the	researchers,	the	demographic	profile	of	

their	assemblage	is	unclear	and	difficult	to	apply	to	further	comparison	to	other	palaeoepidemiological	

studies.	 Moreover,	 there	 is	 also	 a	 tendency	 for	 previous	 palaeoepidemiological	 investigations	 to	

exclude	sub-adults.	There	is	no	specifically	stated	reason	for	this	omission,	though	it	is	assumed	to	be	

done	because	this	age	group	would	not	develop	soft-tissue	carcinomata	that	commonly	metastasize	to	

bone,	such	as	that	of	the	breast	and	prostate.	However,	malignant	and	benign	bone	tumours	are	most	
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normally	found	in	people	under	the	age	of	20	years	and	there	is	clinical	evidence	that	individuals	with	

a	familial	predisposition	develop	neoplasms	at	a	younger	than	average	age	(Frank	2004).	Excluding	

sub-adults	is	not	sensible	as	it	limits	the	sample	size	and	eliminates	the	possibility	of	including	an	array	

of	neoplasms	that	are	not	normally	observed	in	older	adults.	

Furthermore,	 none	 of	 the	 past	 studies	 included	 any	 specified	 form	 of	 inclusion	 criteria.	

Without	this	information,	these	studies	lost	further	comparability	as	there	was	no	way	to	account	for	

the	differences	in	the	individuals	chosen	for	the	investigation.	Indication	must	be	given	as	to	which	

skeletal	elements	were	required	for	examination	and	inclusion	in	the	study,	along	with	reasoning	for	

any	omissions.	For	instance,	Schultz’s	(1992)	investigation	included	only	the	crania	and	completely	

disregarded	 the	 post-cranial	 skeleton;	 there	 is	 no	 reason	 given	 for	 this	 omission.	 This	 completely	

precluded	his	investigation	from	any	substantive	comparative	analysis	because	all	the	other	studies	

did	 include	 the	 post-cranial	 skeleton	 to	 varying	 degrees.	 Farkas	 et	 al.	 (2007)	 claimed	 they	 only	

examined	 mostly	 complete	 skeletons,	 but	 this	 was	 also	 unclear	 as	 it	 was	 not	 stated	 what	 this	

specifically	includes.	In	a	bioarchaeological	context	it	is	unlikely	that	the	complete	skeleton	is	always	

available,	so	the	question	is,	which	skeletal	elements	were	required	to	constitute	an	individual	and	

allow	 their	 inclusion	 in	 the	 investigation?	Molnár	 et	 al.	 (2009)	 also	 claimed	 to	 examine	 the	 entire	

skeleton	but	was	not	able	to	give	further	details	when	contacted.	This	propensity	to	not	detail	inclusion	

criteria	and	only	examine	and	count	complete	skeletons	is	a	detrimental	practice,	as	over	half	a	skeletal	

assemblage	can	be	excluded	due	to	this.	For	example,	Gładykowska-Rzeczycka	(1991)	examined	only	

complete	 skeletons,	which	 resulted	 in	 12%	 of	 the	 entire	 assemblage	 being	 available;	 Farkas	 et	 al.	

(2007)	did	the	same	and	were	left	with	11%	of	the	total	assemblage.	Bioarchaeology	is,	by	nature,	

comprised	of	messy	data	and	as	Waldron	puts	it,	“The	fully	articulated,	gleaming	white	skeleton	exists	

only	in	the	minds	of	writers	of	fiction;	[…]	the	reality	is	quite	likely	to	be	something	that	resembles	

well-chewed	digestive	biscuit	and	that	may	be	about	as	easy	to	deal	with”	(2007:29).	As	was	mentioned	

earlier,	numerous	taphonomic	factors	and	cultural	mortuary	practices	affect	a	skeletal	preservation	

and,	until	excavation,	there	is	no	telling	what	percentage	of	the	elements	has	survived.	Knowing	this,	

there	is	no	reason	to	limit	a	search	for	neoplastic	disease	to	complete	skeletons.	The	complete	or	partial	

absence	 of	 certain	 elements	 (in	 conjunction	 with	 other	 factors	 such	 the	 pattern	 of	 skeletal	

preservation)	could	imply	a	neoplastic	process.	By	excluding	skeletons	based	on	the	absence	of	certain	
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bones,	researchers	risk	overlooking	tumours	on	the	bones	that	are	present.	This	missing	data	will	affect	

the	 final	 denominator	 used	 by	 the	 researcher	 in	 their	 calculations	 and	 has	 most	 likely	 led	 to	 an	

underestimation	of	overall	neoplastic	prevalence.		

5.4.2	COMPARING	PREVIOUS	PALAEOEPIDEMIOLOGICAL	STUDIES	

There	 are	 problems	 in	 attempting	 to	 compare	 the	 results	 of	 past	 palaeoepidemiological	

studies	in	palaeo-oncology	due	to	the	way	in	which	their	results	were	presented	and	analysed.	All	of	

the	palaeoepidemiological	studies	identified	in	the	systematic	review	simply	concluded	their	results	

by	presenting	only	the	crude	prevalence.	For	instance,	Schultz	(1992)	and	Farkas	et	al.	(2007)	both	

stated	their	reported	frequencies	of	6%	were	high	and	therefore	notable,	but	neither	stated	why	6%	is	

viewed	as	a	high	prevalence.	This	proportion	is	overly	simplified	and	meaningless	due	to	the	context	

and	nature	of	a	bioarchaeological	assemblage.	A	skeletal	or	cemetery	assemblage	gives	only	a	glimpse	

of	the	once	living	population	under	study	and	it	must	be	remembered	that,	regardless	of	how	long	the	

cemetery	was	in	use,	this	is	always	a	cross-sectional	investigation.	The	individuals	in	the	assemblage	

will	never	be	completely	representative	of	the	living	population	due	to	bioarchaeological	biases,	such	

as	 how	 many	 of	 the	 skeletal	 remains	 survived	 until	 excavation	 and	 how	 many	 skeletons	 were	

examined.	Relying	on	only	 the	crude	prevalence	 is	akin	 to	cutting	 into	a	 sausage	and	counting	 the	

visible	 fat	 globules	 to	 determine	 the	 total	amount	 of	 fat.	 This	 is	 not	an	adequate	way	 of	analysing	

prevalence,	yet	every	study	has	followed	this	practice.	Worse	is	that	these	studies	proceed	to	only	use	

the	crude	prevalence	to	make	a	comparison	to	another	study,	seemingly	based	on	which	percentage	is	

lower	or	higher.	This	 is	often	done	without	 regard	 for	 structure	of	 the	skeletal	assemblages	under	

investigation,	such	as	the	number	of	individuals	or	age	and	sex	categories.	This	is	most	noticeable	due	

to	 past	 studies	 rarely	 providing	 any	 mention	 of	 age-	 and	 sex-prevalence,	 never	 providing	 95%	

confidence	 intervals	 or	 some	 forms	 of	 standardization	 or	 an	 odds	 or	 risk	 ratio	 (Waldron	 1996;	

Zuckerman	et	al.	2015).		

Although	some	past	studies	do	attempt	to	compare	their	crude	prevalence	rates	to	those	of	

other	 studies,	 the	 majority	 do	 not	 and	 they	 remain	 independent,	 separate	 works	 of	

palaeoepidemiological	 investigation.	They	differ	too	much	in	how	data	had	been	collected	and	how	

analyses	were	presented,	greatly	limiting	their	scope.	This	results	in	the	inability	to	properly	compare	

the	 results	 of	 past	 investigations.	 The	most	 that	 could	 be	 done	was	 to	 examine	 and	 compare	 the	
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reported	 crude	 prevalence	 via	 the	 newly	 calculated	 95%	 confidence	 intervals.	 This	 was	 further	

complicated	by	the	disparities	in	the	time	periods	covered	by	each	previous	study.	Some,	such	as	that	

of	 Gładykowska-Rzeczycka	 (1991),	 utilized	 assemblages	 that	 spanned	 a	 long	 time	 period	 (i.e.	 the	

Neolithic	to	19th	century	CE),	while	others,	such	as	that	of	Farkas	et	al.	(2007),	focused	on	shorter	time	

periods	(i.e.	the	14–15th	century).	If	the	10	studies	are	arranged	chronologically,	there	is	a	large	overlap	

between	 the	 time	periods	under	investigation,	which	would	obscure	any	possible	 trends	in	overall	

prevalence.		

5.5	CONCLUSION	

This	 systematic	 review	 was	 centred	 on	 palaeopathological	 and	 palaeoepidemiological	

reported	data	regarding	neoplastic	disease	between	1970	and	2018.	One	of	its	aims	was	to	bolster	the	

bioarchaeological	 literature.	 At	 present,	 there	 has	 been	 only	 one	 published,	 extensive,	 systematic	

review	of	this	topic	(Hunt	et	al.	2018),	and	it	did	not	consider	palaeoepidemiology.	The	other	aim	was	

to	examine	and	compare	the	previous	studies	against	each	other	in	order	to	detect	trends	in	neoplastic	

prevalence	over	time.	However,	due	to	the	inadequacies	of	previous	research	this	systematic	review	

was	 unable	 to	 come	 to	 any	 meaningful	 conclusions	 and,	 instead,	 has	 revealed	 a	 need	 for	

standardization	and	improved	methodology	and	analysis.		

During	the	48-year	period	under	examination,	out	of	180	publications	only	10	were	identified	

as	 a	 palaeoepidemiological	 investigation	 into	 neoplasia,	 as	 defined	 by	 the	 broad	 criteria	 of	 the	

systematic	review.	These	10	studies	were	inadequate	due	to	a	lack	of	standardized	methodology	and	

analysis.	They	limited	their	scope	by	only	focusing	on	malignancy	and	disregarded	benign	tumours.	

They	did	not	report	detailed,	contextual,	demographic	data	of	the	assemblages	under	investigation.	

There	was	never	explanation	given	regarding	inclusion	criteria	as	 to	which	skeletal	elements	were	

examined.	They	did	not	perform	any	epidemiological	analysis	beyond	stating	the	crude	prevalence	and,	

consequently,	 if	 a	 comparison	 to	another	study	was	attempted,	 the	crude	prevalence	was	 the	only	

criterion	used.		

These	omissions	and	inadequacies	have	precluded	these	studies	from	any	substantive	form	of	

comparison	regarding	sex,	age	or	other	factors	such	as	time	period	or	geographic	location.	As	a	result,	

in	this	systematic	review	it	was	only	possible	to	use	the	reported	data	to	calculate	the	95%	confidence	
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interval	 ranges	 and	 ascertain	 the	 precision	 of	 the	 reported	 crude	 prevalence	 in	 each	 study.	

Interestingly,	the	studies	that	reported	the	highest	crude	prevalence	also	had	the	largest	confidence	

interval	 ranges,	 indicating	 a	 low	 level	 of	 epidemiological	 precision.	 In	 contrast,	 the	 studies	 that	

reported	the	lowest	crude	prevalence,	also	had	the	narrowest	confidence	interval	ranges,	indicating	a	

high	level	of	precision.	It	would	seem	the	investigations	reporting	the	lowest	crude	prevalence	support	

the	concept	of	an	overall,	low	neoplastic	prevalence	in	the	past.	However,	this	is	not	necessarily	the	

case	 as	 this	 observation	 can	 be	misleading.	 The	 confidence	 intervals	were	 only	 calculated	 for	 the	

reported	crude	prevalence,	which	 is	a	 simple	proportion	of	a	 cross-sectional	 study	and	 it	does	not	

consider	demographic	aspects,	such	as	sex	or	age,	or	social	contexts,	such	as	socioeconomic	status.	

While	the	studies	with	a	low	crude	prevalence	were	shown	to	have	a	high	level	of	precision,	this	does	

not	inform	anything	about	the	risk	or	odds	of	developing	a	neoplasm	for	the	people	under	investigation	

or	 for	 specific	 sub-groups.	 It	 is	 also	 not	 possible	 to	 further	 compare	 these	 studies	 to	 each	 other,	

regarding	sex,	age	or	other	factors,	due	to	the	lack	of	reported	data.	The	following	chapter	will	present	

a	palaeo-oncological	investigation	in	regard	to	medieval	Poland,	which	will	serve	as	an	example	of	a	

standardized	palaeoepidemiological	study.	
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CHAPTER	6 A	PALAEOEPIDEMIOLOGICAL	INVESTIGATION	WITH	REFERENCE	

TO	MEDIEVAL	POLAND	

6.1	PURPOSE	AND	AIMS	

From	the	results	of	the	systematic	review	in	the	previous	chapter,	it	appears	there	is	a	strong	

need	 for	 reform	 in	 palaeoepidemiological	 methodology	 in	 palaeo-oncology.	 To	 address	 this,	 a	

palaeoepidemiological	 investigation	 into	 benign	and	malignant	 neoplastic	 disease	within	a	 defined	

region	and	time	period	was	devised.	The	overarching	aim	of	this	study	was	to	develop	and	incorporate	

a	 standardized	 methodology	 that	 compensates	 for	 the	 gaps	 in	 previous	 research.	 The	 methods	

employed	 in	 this	 study	 can	 then	 be	 applied	 to	 future	 palaeoepidemiological	 investigations	 into	

neoplasia,	as	well	as	other	non-communicable	disease	processes.		

It	was	 decided	 to	 focus	 this	 palaeoepidemiological	 investigation	 on	medieval	 Poland.	 This	

period	of	Polish	history	offers	a	unique	perspective	into	the	potential	impact	of	medieval	urban	settings	

on	neoplastic	prevalence.	In	the	early	Middle	Ages,	the	region	currently	known	as	Poland	consisted	of	

a	loose	association	of	pagan,	Slavic	tribes.	During	the	early	10th	century	these	tribes	were	consolidated	

and	 established	 the	 Kingdom	 of	 Poland,	 which	 soon	 after	 converted	 to	 Christianity.	 Following	 its	

transition	from	a	loose	association	of	pagan	tribes	to	a	Christian,	monarchical	state,	Poland	experienced	

rapid	urbanization	and,	by	the	mid	12th	century,	it	was	economically,	socially	and	politically	at	the	same	

level	of	development	as	other	European	countries.		

The	data	from	this	palaeoepidemiological	investigation	will	be	compared	to	selected	data	from	

the	 investigation	 carried	 out	 by	 Gładykowska-Rzeczycka	 (1991)	which	 also	 focused	 on	 neoplastic	

prevalence	 in	 Poland.	 Although	 Gładykowska-Rzeczycka	 (1991)	 did	 not	 include	 enough	 relevant	

assemblage	data	to	qualify	for	comparison	to	other	previous	palaeoepidemiological	studies	in	Chapter	

5,	the	researcher	did	provide	references	to	allow	for	demographic	data	to	be	collected	by	the	author	

and	included	both	benign	and	malignant	tumours,	allowing	for	a	more	complete	inquiry	into	neoplastic	

processes	in	the	past.		

This	chapter	will	first	review	medieval	Polish	history	to	provide	context	on	the	region	and	the	

time	period.	Following	this	will	be	a	summary	of	the	osteological	assemblages,	contextualizing	them	in	
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the	historical	and	archaeological	records.	This	will	lead	to	an	overview	of	the	methodology	employed	

in	this	investigation	and	the	results.	An	attempt	will	also	be	made	to	apply	one	of	the	four	arguments	

of	neoplastic	rarity,	previously	outlined	in	Chapter	4,	to	the	results	of	this	investigation.	A	discussion	

of	the	findings	of	this	investigation	and	its	limitations	will	be	given	in	Chapter	7.	

6.2	MEDIEVAL	POLAND	IN	HISTORICAL	CONTEXT		

Modern-day	Poland	is	located	in	central	Europe.	In	the	north	it	borders	the	Baltic	Sea,	Russia	

and	Lithuania;	Belarus	and	Ukraine	 to	 the	east;	Slovakia	and	 the	Czech	Republic	 to	 the	south;	and	

Germany	to	the	west.	Before	the	10th	century,	the	Polish	Slavs	consisted	of	a	number	of	pagan	tribes,	

the	 largest	 of	which	were:	 the	Polanie,	 Silesians,	 Vistulans,	 Łęczycans,	 Kujavians	 and	 the	Mazovians	

(Figure	 6.1).	Historians	 are	 not	 clear	 as	 to	exactly	when	 or	 how,	 but	by	 960	CE	most	 of	 the	 tribal	

territories	 were	 consolidated	 and	 brought	 under	 the	 control	 of	 the	 Polanie’s	 leader,	 Mieszko	 I	

(Manteuffel	1982;	Dembinska	1999).	This	new	pagan	state,	now	known	as	Poland,	increased	in	power	

and	began	to	attract	the	attention	of	the	neighbouring	Christian	states,	including	the	Czechs	and	the	

Holy	Roman	Empire	(Prażmowska	2004).	Mieszko	was	aware	his	political	power	would	deteriorate	if	

he	and	Poland	 remained	pagan.	Moreover,	 conversion	 to	 Christianity	would	 deny	 the	Holy	Roman	

Empire	the	right	to	use	military	subjugation	with	the	intent	to	convert	the	pagan	Poles	and,	at	the	same	

time,	Mieszko	 could	 use	 the	 same	 right	 to	 invade	 Pomerania	 and	 other	 eastern,	 pagan	 territories	

(Prażmowska	2004).	With	added	encouragement	from	his	marriage	to	the	Christian	Czech	Princess	

Dobrava,	Mieszko	was	baptized	in	966	CE	and	extended	his	conversion	to	the	rest	of	his	kingdom.	This	

established	 Poland	 as	 a	 Christian,	 sovereign	 state	 and	 strengthened	 its	 international	 position	

(Betsinger	2007).	The	conversion	of	Poland	to	Christianity	helped	unite	the	populations	living	in	Polish	

territories	by	replacing	several	tribal	cults	with	a	single,	official	form	of	worship,	imposed	by	the	Prince	

and	his	 court	 (Kloczowski	2000;	Betsinger	2007).	Furthermore,	by	adopting	 the	Latin	character	of	

Christianity,	 Poland	 fortified	 its	 position	 in	 Europe	 by	 aligning	 itself	with	 the	Western	 states	 that	

followed	the	same	Latin	order,	in	contrast	to	the	Eastern	Orthodox	Christians	(Betsinger	2007).	Over	

the	 next	 two	 centuries	 Poland	was	 considered	 a	 Christian	 state	with	 an	 established	 monarchy,	 a	

centralized	administrative	structure	and	was	recognized	by	the	Holy	Roman	Empire	and	the	Papacy.	

As	a	nascent	country,	Poland	had	a	number	of	developing	urban	centres,	ecclesiastical	organization	in	

the	form	of	bishoprics	and	a	society	comprised	of	a	number	of	foreigners	including,	clergy,	warriors,	
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merchants	and	craftsman.	By	the	mid	12th	century,	Poland	was	economically,	socially	and	politically	at	

the	same	level	of	development	as	other	countries	in	Europe	(Figures	6.2-6.3,	page	180)	(Manteuffel	

1982;	Prażmowska	2004).	

	
FIGURE	6.1	SLAVIC	TRIBAL	DISTRIBUTIONS	IN	THE	EARLY	10TH	CENTURY	(BUKO	2008:	77).	
	

	
FIGURE	6.2	POLAND	(IN	RED)	AND	EUROPE	AT	THE	END	OF	THE	12TH	CENTURY	(KUKLO	ET	AL.	2014:	44).
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FIGURE	6.3	A	TIMELINE	OF	MEDIEVAL	POLISH	HISTORY.	DATA	DERIVED	FROM	DAVIES	(2005)	AND	ILLUSTRATED	BY	T.	SIEK,	2018.
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of	Polish-
Lithuanian	

Commonwealth
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6.3	THE	POLISH	OSTEOLOGICAL	COLLECTION	

The	skeletal	assemblages	examined	in	this	investigation	were	sourced	from	the	osteological	

collection	 of	 the	 Department	 of	 Anthropology	 at	 the	 Institute	 of	 Immunology	 and	 Experimental	

Therapy,	in	the	Polish	Academy	of	Sciences	in	Wrocław,	Poland.	The	Polish	Academy	of	Sciences	(PAS)	

was	founded	in	1952	and	its	mission	is	to	pursue	scientific	advancement	for	the	better	of	Poland’s	

national	culture	and	society	(Polish	Academy	of	Sciences).	The	osteological	collection	was	obtained	

through	the	closure	of	the	Anthropological	Institute	in	Warsaw	and	was	expanded	over	time	through	

cooperation	with	various	archaeological	institutions.	The	majority	of	the	skeletal	material	housed	at	

this	collection	is	from	Poland,	with	a	large	portion	from	the	Dolnośląskie	(Lower	Silesian)	voivodeship	

or	province	in	south-west	Poland;	the	collection	also	holds	material	from	Eastern	Europe,	Africa	and	

Asia.	Though	 the	skeletal	assemblages	 range	 in	date	 from	the	Neolithic	 to	 the	19th	 century	CE,	 the	

collection	largely	comprises	material	from	the	Middle	Ages	and	consists	of	approximately	2,800	crania	

and	 1,400	 postcranial	 elements	 (Figure	 6.4)	 (Polska	 Akademia	 Nauk	 Zakład	 Antropologii	 we	

Wrocławiu).		

	
FIGURE	6.4	THE	OSTEOLOGICAL	COLLECTION	AT	THE	POLISH	ACADEMY	OF	SCIENCE	IN	WROCŁAW,	POLAND.	PHOTOGRAPH	BY	T.	
SIEK,	2015.	
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This	 palaeoepidemiological	 investigation	 incorporated	 human	 skeletal	 assemblages	 from	

medieval	 Polish	 cemeteries	 dating	 from	 the	 10–16th	 century.	 Initially,	 it	 was	 intended	 to	 use	 15	

cemetery	 assemblages	 from	PAS	based	 on	 the	 Institute	 catalogue,	which	 had	 been	 secured	 before	

research	began.	However,	upon	arrival	and	after	an	initial	review	of	the	collection,	some	assemblages	

were	excluded	due	to	being	either	earlier	or	 later	than	the	medieval	period,	some	consisting	of	too	

small	a	number	of	individuals	(i.e.	n=1)	or	not	having	any	archaeological	contextual	detail.	In	the	end,	

10	cemeteries	were	selected	from	western	and	eastern	Poland	in	the	Dolnośląskie	(Lower	Silesian),	

Mazowiecki	(Masovian)	and	Świętokrzyskie	(Holy	Cross)	provinces.		

Three	 medieval	 Polish	 assemblages	 from	 Gładykowska-Rzeczycka’s	 (1991)	 study	 (Czersk,	

Czarna	Wielka	and	Ostrów	Lednicki)	were	selected	for	palaeoepidemiological	comparison	(Table	6.1).	

In	her	work,	Gładykowska-Rzeczyska	summarized	the	reported	benign	and	malignant	neoplastic	cases	

from	these	cemetery	assemblages	and	provided	relevant	data	 for	each	case,	 including	sex	and	age.	

However,	 she	 did	 not	 provide	 any	 context	 for	 the	 archaeological	 sites	 or	 any	 demographic	 data.	

Accordingly,	 contextual	 and	 demographic	 data	 for	 these	 three	 skeletal	 assemblages	 were	 later	

obtained	by	 the	author	 from	archaeological	 and	 anthropological	 site	 reports	 (Cwirko-Godycki	and	

Swedborg	 1978;	 Belniak	 1979;	 Bieńkowska	 2014).	 These	 three	 cemetery	 assemblages	 are	

representative	of	central,	northern	and	eastern	Poland	in	the	Wielkopolski	(Greater	Poland),	Pomorski	

(Pomeranian)	and	Podlaski	provinces	(Figure	6.5).	These	three	assemblages	did	not	undergo	further	

osteological	analysis	by	the	author	and	reliance	was	placed	on	what	was	reported	in	the	literature	by	

Gładykowska-Rzeczycka	(1991).	

	

Polish	Cemetery	
Assemblage	

Polish	
Region/Province	

Chronological	
Date	

Number	of	
Individuals	 Site	Type	

Ostrów	Lednicki	 Wielkopolski	 10–12th	
century	 503	 Urban	

Czersk	 Pomorski	 12–13th	
century	 610	 Urban	

Czarna	Wielka	 Podlaski	 12–13th	
century	 174	 Rural	

TABLE	6.1	THE	THREE	ASSEMBLAGES	FROM	GŁADYKOWSKA-RZECZYCKA	(1991)	SELECTED	FOR	PALAEOEPIDEMIOLOGICAL	
COMPARISON.	
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FIGURE	6.5	THE	LOCATION	OF	THE	POLISH	ARCHAEOLOGICAL	SITES	INCLUDED	IN	THIS	PALAEOEPIDEMIOLOGICAL	INVESTIGATION.	MAP	BY	T.	SIEK	AND	A.	STARZEC,	2017.	
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6.3.1	THE	OSTEOLOGICAL	ASSEMBLAGES		

From	the	10	skeletal	assemblages	from	PAS,	as	well	as	the	three	comparative	assemblages	

from	Gładykowska-Rzeczycka	(1991),	seven	represented	urban	Polish	communities	and	six	were	from	

rural	Polish	settings	(Table	6.2,	page	187).	Herewith,	the	urban	cemeteries	will	be	summarized	first,	

followed	by	the	rural	cemeteries.		

6.3.1.1	Urban	Polish	Assemblages	

Four	 of	 the	 urban	 assemblages,	Ołbin,	 plac	 Dominikański,	 sw	 Elżbieta	 and	 sw	 Jakub,	 were	

located	in	Wrocław,	the	largest	city	in	south-western	Poland	and	capital	of	the	Dolnośląskie	voivodeship.	

For	the	purpose	of	this	palaeoepidemiological	investigation,	these	assemblages	were	grouped	into	one	

and	will	be	referred	to	as	the	Wrocław	assemblage.	Located	along	the	Oder	river,	medieval	Wrocław	

was	one	of	the	largest	and	most	important	urban	centres	in	the	Polish	Kingdom	until	the	14th	century	

(Kwiatkowska	2005).	The	most	populated	district	in	Wrocław	until	the	12th	century	was	Ołbin,	located	

on	the	right	bank	of	the	Oder	River	and	the	Ołbin	cemetery	occupied	the	area	at	the	outer,	southern	

wall	of	St	Vincent’s	Church	(Kwiatkowska	and	Gronkiewicz	2003;	Kwiatkowska	2005).	The	cemetery	

at	 plac	 Dominikański	 was	most	 likely	 related	 to	 St	Wojciech’s	 Church,	 which	was	 founded	 by	 the	

Augustinian	 Order	 at	 the	 beginning	 of	 the	 12th	 century;	 in	 1226,	 the	 church	 and	 the	 cemetery	

transferred	to	the	care	of	the	Dominican	Order	(Kwiatkowska	2005).	The	Duke	of	Silesia,	Henry	the	

Bearded	(1165–1238),	founded	sw	Elżbieta	(St	Elizabeth’s)	church	during	his	reign	from	1201	to	1238	

and	later	in	1253	it	became	a	hospital	(Kwiatkowska	2005).	The	cemetery	from	sw	Jakub	(St	Jacob’s)	

church	was	on	the	left	bank	of	the	Oder	River	and	is	now	the	current	site	of	Bishop	Nankiera	Square.	

Prince	Henry	II	the	Pious	(1196–1241)	founded	sw	Jakub	church	and	it	was	built	between	1236	and	

1240;	the	Prince	died	fighting	the	Tatars	and	was	buried	there	a	year	after	its	completion.	In	1242,	the	

church	burned	down	and	reconstruction	lasted	until	1256.	By	the	end	of	the	16th	century,	the	church	

was	 impoverished	 and	 the	 population	 living	 around	 it	 were	 ethnically,	 socially	 and	 economically	

diverse.	Graves	were	made	outside	the	church	walls	throughout	the	13th	century	and	wealthier,	more	

prominent,	citizens	were	buried	inside	the	church	until	the	15th	century	(Kwiatkowska	2005).		

The	 remaining	 urban	 assemblages	 include	 Sandomierz,	 Ostrów	 Lednicki	 and	 Czersk.	 The	

modern	town	of	Sandomierz,	located	on	the	left	bank	of	the	Vistula	River,	was	once	one	of	the	provincial	
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capitals	of	the	Polish	Kingdom,	on	par	with	Wrocław	as	a	seat	of	princely	power	(Lalik	1993).	The	

Sandomierz	cemetery	is	 located	in	the	town	of	Sandomierz	and	is	next	to	the	13th	century	St	James	

church,	though	the	cemetery	was	dated	to	the	11th	century	according	to	numerous	coins	found	in	the	

graves	(Sarama	1957;	Zoll-Adamikowa	1966).	Ostrów	Lednicki	is	an	island	located	on	Lake	Lednica,	30	

km	north-east	of	Poznań	in	north-west	Poland.	In	the	10th	century,	the	first	Polish	cathedral	was	built	

on	the	island	and	this	is	believed	to	be	the	birthplace	of	the	first	Polish	King,	Bolesław	Chrobry	(967–

1025	CE),	son	of	Mieszko	I.	Archaeologists	theorized	the	cemetery	at	Ostrów	Lednicki	to	have	existed	

since	 the	 cathedral’s	 founding	 based	 on	 coins	 found	 there	 (Cwirko-Godycki	 and	 Swedborg	 1978).	

Czersk	was	the	historical	capital	of	the	Mazovian	region	occupying	the	basin	of	the	Vistula	River	under	

the	rule	of	the	Piast	princes,	who	were	vassals	of	the	Polish	kings	in	Kraków,	the	medieval	capital	of	

Poland.	It	remained	a	princely	seat	until	the	end	of	the	14th	century,	when	Prince	Janusz	I	the	Elder	(c.	

1347/1352–1429)	moved	 the	capital	40	km	north	 to	Warsaw	(Zagrodzki	1996).	The	stronghold	at	

Czersk	 and	 its	 suburbs	 were	 destroyed	 in	 the	 12th	 century,	 most	 likely	 through	 invasion	 and	

considerable	parts	of	the	stronghold	were	converted	into	a	cemetery	(Rauhutowa	1966).	

6.3.1.2	Rural	Polish	Assemblages	

Six	 assemblages	were	 from	 rural	 areas	 and	 these	were:	Tomice,	Samborzec,	Milicz,	Czarna	

Wielka,	 Gródek	 nad	 Bugiem	 and	 Pawłów.	 The	 Tomice	 cemetery	 is	 centred	 on	 a	 large	 plateau	

approximately	500	m	north-east	of	Tomice	village.	It	is	a	multi-period	site	divided	into	five	phases,	the	

first	of	which	was	a	Linear	Pottery	culture	settlement	during	the	Neolithic	period.	Phase	two	is	linked	

to	a	settlement	of	the	Funnel	Beaker	Culture;	cremated	remains	represent	the	third	phase	from	the	

Bronze	Age	Unetice	culture;	the	fourth	phase	was	a	Lusatian	settlement	in	the	Halstatt	period	and	the	

fifth	and	final	phase	was	the	medieval	cemetery.	Medieval	artefacts,	including	ceramics,	bronze	fittings	

and	garment	yokes	or	toggles,	indicate	the	cemetery	was	in	use	from	the	9–12th	century	(Miszkiewicz	

1968b;	Romanow	et	al.	1973).	The	Samborzec	cemetery	is	located	between	the	village	of	Samborzec	

and	the	Gorzyczanka	River	and	was	discovered	in	1930.	It	was	dated	to	the	12th	century	by	coins	found	

among	the	graves	(Sarama	1956;	Zoll-Adamikowa	1966).	The	Milicz	cemetery	is	located	approximately	

0.5	km	north-east	of	the	town	of	the	same	name	and	is	in	the	south-western	hills	of	the	Barycz	River	

valley.	 During	 the	 12–13th	 century	 the	 cemetery	 was	 used	 as	 a	 burial	 place	 for	 the	 nearby	 rural	

settlements	that	occupied	the	left	bank	of	the	Barycz	River	(Miszkiewicz	and	Gronkiewicz	1986).	The	
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Czarna	Wielka	cemetery	is	located	1	km	north	of	the	village	of	the	same	name,	located	between	the	

valleys	 of	 the	 Bug	 and	 Nurzec	 Rivers.	 The	 village’s	 name	 comes	 from	 the	 nearby	 Czarna	 River,	 a	

tributary	of	the	Nurzec.	There	are	few	historical	written	sources	about	the	region,	but	archaeological	

investigations	 have	 shown	 that	 the	 region	 has	 consistently	 been	 occupied	 since	 the	 11th	 century.	

Excavations	at	Czarna	Wielka	were	carried	out	intermittently	between	1951	and	1978.	Based	on	the	

associated	 grave	 goods,	 the	 cemetery	 was	 in	 use	 from	 the	 11–16th	 century	 (Bieńkowska	 2014;	

Karwowska	2014).	The	cemetery	and	village	of	Gródek	nad	Bugiem	is	located	near	the	Bug	River.	This	

area	had	traces	of	settlements	dating	from	between	the	8–13th	century;	however,	these	settlements	fell	

during	the	Tatar	invasions	in	1240	and	1261.	The	cemetery	was	created	at	this	time	to	bury	the	victims	

of	the	Tatar	invasions	and	continued	to	be	in	use	until	at	least	the	15th	century	(Belniak	et	al.	1961).	

The	last	cemetery	is	from	the	village	of	Pawłów,	in	Trzebnicki	county	and	is	located	south-west	on	a	

small,	half-hectare	hill.	It	was	excavated	in	1965	and	initially	believed	to	be	a	modern	cemetery	from	

the	Second	World	War,	but	such	a	cemetery	was	not	mentioned	on	any	maps	or	in	historical	literature.	

After	excavation	the	cemetery	was	dated	to	be	in	use	from	the	15–16th	century	based	on	stratigraphy	

and	 associated	 grave	 goods,	 including	 ceramic	 fragments,	 nails	 and	 two	 dated	 coins	 (Miszkiewicz	

1968a).		
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Polish	Cemetery	Assemblage	 Polish	
Region/Province	

Chronological	
Date	

Number	of	
Individuals	

Site	
Type	

Tomice	 Dolnośląskie	 9–12th	century	 22	 Rural	

Sandomierz	 Świętokrzyskie	 10–12th	century	 25	 Urban	

Ostrów	Lednicki	 Wielkopolski	 10–12th	century	 503	 Urban	

Samborzec	 Świętokrzyskie	 12th	century	 34	 Rural	

Wrocław-Ołbin	 Dolnośląskie	 12–13th	century	 84	 Urban	

Milicz	 Dolnośląskie	 12–13th	century	 233	 Rural	

Czersk	 Pomorski	 12–13th	century	 610	 Urban	

Czarna	Wielka	 Podlaski	 12–13th	century	 174	 Rural	

Wrocław-pl	Dominikański	 Dolnośląskie	 12–14th	century	 36	 Urban	

Wrocław-sw	Elżbieta	 Dolnośląskie	 13–14th	century	 15	 Urban	

Wrocław-sw	Jakub	 Dolnośląskie	 13–15th	century	 53	 Urban	

Grodek	nad	Bugiem	 Mazowiecki	 13–17th	century	 73	 Rural	

Pawłów	 Dolnośląskie	 15–16th	century	 49	 Rural	

TABLE	6.2	THE	CEMETERY	ASSEMBLAGES	FROM	THE	POLISH	ACADEMY	OF	SCIENCES	SELECTED	FOR	THE	PALEOEPIDEMIOLOGICAL	
INVESTIGATION.
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6.3.2	OSTEOLOGICAL	INCLUSION	CRITERIA	

Clear	inclusion	criteria	were	established	for	the	PAS	assemblage	data	collection	to	promote	

standardization	and	to	form	the	final	denominators	for	the	paleoepidemiological	analyses.	The	skeletal	

material	included	in	this	investigation	incorporated	individuals	from	all	age	groups,	regardless	of	sex.	

Although	there	is	some	sex	predilection	for	primary	neoplasms,	such	as	osteosarcoma	in	males	and	

haemangioma	in	females,	in	most	cases	this	difference	is	negligible	(Greenspan	et	al.	2007).	Regarding	

age,	 whereas	 the	 majority	 of	 the	 previous	 paleoepidemiological	 research	 focused	 solely	 on	 adult	

skeletons,	here,	it	was	decided	to	include	some	sub-adults.	In	this	context,	the	term	‘sub-adult’	broadly	

refers	to	individuals	who	have	not	reached	full	biological	adulthood.	These	individuals	are	more	likely	

to	manifest	 primary	 skeletal	malignancies	 as	well	 as	 benign	 tumours,	which	 could	 be	 carried	 into	

adulthood.	However,	sub-adults	under	seven	years	of	age	were	not	included	as	they	are	the	least	likely	

to	develop	neoplastic	conditions	observable	in	bone	(Greenspan	et	al.	2007).		

The	skeletal	elements	examined	in	each	individual	included:	the	cranium,	ossa	coxae,	thoracic	

and	lumbar	vertebrae,	 femora,	tibiae,	humeri,	scapulae	and	ribs	(Figure	6.6).	The	cranium	and	long	

bones	were	selected	for	their	predilection	as	sites	for	primary	malignant	and	benign	bone	tumours	

(Figure	 6.7,	 page	 190)	 (Greenspan	 et	 al.	 2007),	while	 the	 remainder	 of	 the	axial	 skeleton	 and	 the	

scapulae	are	the	main	sites	for	soft	tissue	metastases	(Coleman	2006).	In	sub-adults	only	the	femora,	

tibia	 and	 humeri	 were	 examined	 because	 these	 bones	 are	 predilected	 for	 primary	 tumours	 and	

metastases	in	sub-adults	are	unlikely.	To	allow	for	maximum	numbers	of	specimens,	partial	skeletal	

remains	were	 also	 included	 if	 a	minimum	 of	 three	 of	 the	 above	 required	 elements	were	 present,	

provided	there	was	representation	of	the	axial	and	appendicular	skeleton.	In	regard	to	the	vertebrae	

and	 ribs,	a	minimum	 requirement	 of	 one	 lumbar	 vertebra,	 six	 thoracic	 vertebrae	and	 six	 ribs	was	

established,	as	complete	sets	of	these	elements	are	not	always	well	preserved.	Lastly,	an	individual	

would	also	be	included	if	there	were	observably	clear	indications	of	benign	or	malignant	neoplastic	

lesions,	despite	not	being	a	complete	skeleton.		
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FIGURE	6.6	THE	SKELETAL	ELEMENTS	AS	DICTATED	BY	THE	INCLUSION	CRITERIA.	RED	INDICATES	ELEMENTS	WHERE	A	MINIMUM	
NUMBER	WAS	UTILIZED	IN	CASE	OF	INCOMPLETENESS.	ILLUSTRATION	BY	T.	SIEK,	2018.	
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FIGURE	6.7	AN	OVERVIEW	OF	VARIOUS	PRIMARY	BONE	TUMOURS	AND	THEIR	PREDILECTION	SITES.	DATA	DERIVED	FROM	GREENSPAN	ET	AL.	(2007)	AND	ILLUSTRATION	BY	T.	SIEK	AND	T.	CARGILL,	2014.
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6.4	METHODS	

The	methods	employed	in	this	palaeoepidemiological	study	consisted	of	first	assessing	the	sex	and	

age	of	the	individual,	 followed	by	a	detailed	macroscopic	and	radiographic	examination	for	evidence	of	

neoplastic	disease.	All	data	was	recorded	using	specially	created	recording	forms,	with	a	database	being	

created	in	MS	Excel.	All	tables	and	graphs	were	made	using	MS	Excel	and	statistics	were	calculated	with	the	

software,	Confidence	Interval	Analysis.		

6.4.1	SEX	AND	AGE	ASSESSMENT	

The	examination	of	the	skeletal	material	began	with	assessing	the	sex	of	each	individual	through	

standard	 anthropological	methods	 using	 the	morphology	 of	 the	ossa	 coxae	 and	 cranium	 (Buikstra	and	

Ubelaker	1994).	In	the	ossa	coxae,	concentration	was	first	placed	on	specific	features	of	the	pubic	bone	

following	the	method	outlined	by	Phenice	(1969),	where	the	ventral	arc,	the	sub-pubic	concavity	and	the	

medial	aspect	of	the	ischiopubic	ramus	are	all	more	pronounced	in	females	than	in	males.	The	width	of	the	

greater	sciatic	notch	and	the	sub-pubic	angle,	both	of	which	are	wider	in	females	than	in	males,	were	also	

examined	(White	et	al.	2012).	Regarding	the	morphology	of	the	cranium,	attention	was	given	to	the	external	

occipital	 protuberance,	 the	 mastoid	 processes,	 the	 supraorbital	 margins	 and	 ridges	 and	 the	 mental	

eminence	of	the	mandible;	 in	males	these	features	are	more	pronounced	than	in	females	(Buikstra	and	

Ubelaker	1994).	In	cases	where	there	was	discordance	between	the	determined	sex	of	the	ossa	coxae	and	

the	 cranium,	 priority	 was	 given	 to	 the	 ossa	 coxae	 as	 evolutionary	 processes	 regarding	 childbirth	

morphologically	influence	these	bones	in	females	(Gruss	and	Schmitt	2015).	If	the	ossa	coxae	and	cranium	

were	not	present,	not	well	preserved	or	too	fragmentary,	the	individual	was	recorded	as	Indeterminate	Sex.	

The	sex	of	sub-adult	skeletons	was	not	determined	because	secondary	sex	characteristics	do	not	become	

reliably	observable	until	the	onset	of	puberty.	The	age-at-death	of	an	individual	was	determined	through	

standard	anthropological	methods	by	assessing	the	degenerative	morphology	of	the	pubis	and	auricular	

surface	(Todd	1921;	Lovejoy	et	al.	1985;	Brooks	and	Suchey	1990;	Buikstra	and	Ubelaker	1994).	If	the	os	

coxae	was	 not	 present	 or	 too	 badly	 preserved	 the	 individual	was	 recorded	 as	 an	 Indeterminate	Adult.	

Individuals	were	 then	 grouped	 into	 age	categories	 developed	by	Martin	and	 Saller	 (1957)	 to	 facilitate	

comparison	between	the	PAS	assemblages	and	to	the	data	reported	by	Gładykowska-Rzeczycka	(1991).	
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The	age	categories	used	were:	 Juvenis	(15-22	years),	Adultus	 (23-35	years),	Maturus	(36-55	years)	and	

Senilis	(≥56	years).	Individuals	under	the	age	of	15	years	were	broadly	grouped	as	Sub-adult.	

6.4.2	MACROSCOPIC	ANALYSIS	OF	NEOPLASTIC	DISEASE	

The	macroscopic	analysis	 involved	observing	and	noting	signs	of	osteolytic	and/or	osteoblastic	

activity	that	are	consistent	with	bony	response	to	primary	or	secondary	neoplasms.	Osteolytic	lesions	were	

defined	as	lesions	created	through	destruction	of	bone,	while	osteoblastic	lesions	were	defined	as	lesions	

that	appeared	as	proliferative	or	extra	growth	of	new	bone.	The	macroscopic	analysis	was	based	on	the	

guidelines	put	forth	by	Nerlich	et	al.	(1997).	They	advise	to	first	determine	the	following	criteria:		

1. Is	the	lesion	blastic	or	lytic	and	does	it	have	clear	or	ill-defined	borders?		
2. Is	the	lesion	solitary	or	multiple?	
3. Where	is	the	lesion	located	within	the	skeleton?		

To	this	list,	other	discriminating	criteria	were	added	by	the	author	including:		

4. Is	the	lesion	irregularly	shaped?	
5. What	is	the	lesion’s	size?	
6. Is	it	in	the	bone	or	on	its	surface?	

Suspected	 neoplastic	 lesions	 were	 then	 recorded	 and	 photographed.	 All	 pathological	 lesion	

measurements	were	taken	with	standard,	spreading	callipers.	In	cases	where	lesions	were	located	in	areas	

that	were	deemed	too	fragile	or	difficult	to	access	with	callipers,	a	soft,	plastic	measuring	tape	was	used.	A	

hand-held,	endoscopic	light	was	used	to	examine	the	interior	of	complete	crania	and	of	bones	where	post-

mortem	damage	allowed	access.		

6.4.3	RADIOGRAPHIC	ANALYSIS	OF	NEOPLASTIC	DISEASE	

Twenty	radiographs	were	made	for	16	individuals	from	PAS	at	a	private	medical	facility1	to	assist	

in	differential	diagnosis,	as	neoplasms	cannot	be	identified	solely	by	macroscopic	means.	Radiographs	were	

taken	for	bones	that	presented	with	a	noticeable	swelling	of	the	long	bone	or	 lytic	 lesions	indicative	of	

metastasis	(Rothschild	and	Rothschild	1995).	All	radiographs	were	in	digital	format	and	analysed	using	the	

open	source	software,	OsiriX	Lite.	The	radiographic	analysis	followed	the	standards	outlined	by	Chhem	et	

al.	(2008)	and	Miller	(2008)	with	the	criteria	including	lesion	location,	shape,	size,	whether	singular	or	

multiple,	as	well	as	specific	radiographic	information	including	osteolytic	lesion	margin	patterns,	tumour	

																																																																				
1	Endo-Med,	plac	Solidarności	1/3/5,	53-661	Wrocław,	Poland	
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mineralized	matrix	pattern	and	periosteal	reaction	(Figure	6.8,	page	194).	Of	the	individuals	radiographed,	

six	did	not	 show	evidence	of	neoplastic	development	and	another	six	were	sent	 to	Dr	 Iain	Watt	at	 the	

University	of	Exeter	for	further	consultation	regarding	their	diagnosis;	Dr	Watt	confirmed	four	of	the	six	

proposed	neoplastic	diagnoses	(pers.	comm.	17	June	2018).	

Lesion	 margins	 can	 be	 divided	 into	 one	 of	 three	 specific	 patterns:	 geographic,	moth-eaten	 or	

permeative	(Chhem	et	al.	2008).	The	geographic	pattern	is	subdivided	into	three	types	depending	on	the	

presence	and	appearance	of	a	sclerotic	border.	Lesions	that	clearly	have	or	do	not	have	a	sclerotic	border	

indicate	a	slow	growing	tumour	and	lesions	that	are	ill-defined	indicate	rapid	growth.	The	second	pattern,	

moth-eaten,	appears	as	multiple,	small,	rounded	lesions	that	arise	separately	and	then	coalesce.	The	third	

pattern,	 permeative,	 appears	 as	 oval	 or	 linear	 lesions	 in	 the	 cortex.	 Differentiating	 these	 patterns	

distinguish	the	lesion	as	less	aggressive,	intermediate	or	more	aggressive	(Chhem	et	al.	2008).	In	regard	to	

the	presence	of	mineralized	matrix,	the	substance	produced	by	tumours,	two	types	are	distinguishable:	

osteoid	and	chondroid.	The	osteoid	matrix	mineralizes	in	a	way	 that	 results	 in	a	dense,	homogeneous,	

cloud-like	 radiographic	 pattern	 and	 is	 indicative	 of	 enostosis	 (Figure	 2.11,	 page	 64),	 osteoid	 osteoma	

(Figure	2.13,	page	66),	osteoblastoma	(Figure	2.14,	page	67)	and	osteosarcoma	(Figure	2.26,	page	76)	

(Chhem	et	al.	2008;	Ragsdale	et	al.	2018).	The	chondroid	matrix	appears	as	arcs	or	circles	and	is	seen	in	

enchondroma	(Figure	2.17,	page	69),	chondroblastoma	(Figure	2.18,	page	70)	and	chondrosarcoma	(Figure	

2.27,	page	76)	(Chhem	et	al.	2008;	Ragsdale	et	al.	2018).	The	periosteal	reaction	can	be	either	continuous	

or	 interrupted.	 A	 continuous	 reaction	 is	 a	 result	 of	 a	 non-aggressive,	 benign	 tumour,	 which	 gives	 the	

periosteum	 adequate	 time	 to	 react	 and	 lay	 down	 continuous	 new	 bone,	 appearing	 thick	 or	wavy.	 An	

interrupted	reaction	indicates	an	aggressive	lesion,	where	its	quick	growth	does	not	give	enough	time	for	

the	periosteum	to	lay	down	new	bone.	This	results	in	the	formation	of	perpendicular	bony	spicules	on	the	

cortical	surface,	giving	a	‘hair-on-end’	or	‘sunburst’	appearance;	a	lamellated	or	‘onion-skin’	appearance	is	

also	possible	(Chhem	et	al.	2008;	Miller	2008).
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FIGURE	6.8	A	SUMMARY	OF	RADIOGRAPHIC	PATTERNS	FOR	NEOPLASTIC	CONDITIONS,	A)	THE	LESION	MARGIN	PATTERNS,	B)	THE	MATRIX	PATTERNS	AND	C)	THE	PERIOSTEAL	REACTIONS	(CHHEM	ET	AL.	2008:	
104).	
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6.4.4	DIAGNOSTIC	OPERATIONAL	DEFINITIONS	

The	operational	definitions	used	 in	diagnosis	 for	 selected	benign	and	malignant	neoplastic	

disease,	 as	 well	 as	 secondary	 metastases,	 are	 derived	 from	 the	 palaeopathological	 literature	

(Aufderheide	and	Rodríguez-Martín	1998;	Ortner	2003;	Chhem	et	al.	2008;	Waldron	2009)	and	clinical	

data	(Table	6.3,	pages	196-197).	These	are	complemented	by	predilection	data	for	age	and	sex,	as	well	

as	bone	involvement,	which	have	been	previously	reviewed	in	Chapter	2	(Tables	2.7	and	2.8,	pages	44	

and	47).	
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Tumour	Type	 Macroscopic	Operational	Definition	 Radiographic	Operational	Definition	

Osteoma	
Smooth,	round	mass	composed	of	cortical	bone	

Well	circumscribed	
Mature	lamellar	bone	on	outer	table,	immature	bone	on	facial	bones	

Radiopaque	lesion	
Well-defined	sclerotic	margin	

Osteoid	Osteoma	
Small	size	(<2	cm)	

Inner	vascular	core	of	osteoid	surrounded	by	sclerotic,	woven	bone	
Diaphyseal	origin,	with	possible	expansion	to	metaphysis	

Small	foci	(~15	mm)	with	translucent	centre	
surrounded	by	zone	of	sclerosis	

Central,	rounded	or	oval	radiolucent	area	(<2	cm)	

Osteoblastoma	

Expansion	in	bone	and	considerable	size	(>2	cm)	
Osteoblastic	reaction	if	in	vertebrae	

Diaphyseal	involvement,	sometimes	the	metaphysis,	rarely	the	
epiphysis	

Lysis,	sclerosis	or	both	
Radiolucent	lesion	with	occasional	marginal	

osteosclerosis	

Enostosis	 Normal	cortical	bone,	within	trabeculae	
Small	spicules	of	bone	extending	from	the	lesion	

Feathered	or	brush-like	border		
Single	or	multiple	sclerotic	areas	

Average	size	of	15	mm	

Enchondroma	

Single	or	multiple	
Varying	sizes	(1-7	cm)	

Solitary,	well-demarcated,	round	or	oval	masses	
Cortical	thinning	and	mild	expansion	

Intramedullary	lesion,	well	defined	with	lobulated	
appearance	and	endosteal	erosion	
Sclerotic	border	around	periphery	

Osteochondroma	
Bony	outgrowth	or	projection	from	surface	of	bone	

Single	or	multiple	
Tumour	cortex	is	continuous	with	bone	cortex	

Radiograph	confirms	continuous	cortex	between	
tumour	and	bone	

Chondroblastoma	
Confined	to	the	epiphysis	
Small	lesions	(1-5	cm)		
Localized	with	lytic	foci	

Lytic	lesion	with	well-defined	margins,	spherical	or	
oval	in	shape	

May	be	outlined	with	sclerotic	border	

Meningioma	 Indentation	on	inner	table	of	the	cranium	
Small	and	clearly	delineated	radiant	spicules	in	extreme	cases	

Increased	bone	vascularization	
Hyperostosis	and	erosion	

Haemangioma	

In	the	cranium:	swelling	and	lytic	lesions	with	trabeculated	interior	
and	scalloped	margins	

Lysis	in	trabeculae,	leaving	only	a	few	spanning	diameters	of	lesions,	
creating	‘honeycomb’	appearance	

Coarse,	vertical,	trabecular	pattern	(‘corduroy’	pattern)	
‘Honeycomb’	appearance	

Simple	Bone	Cyst	

Slight	swelling	of	the	bone	
Smooth,	tapering	resorption	of	overlying	cortex	

Cortex	may	be	replaced	by	newly	formed	shell	of	cortical	bone	
	

Lytic	areas	with	long	axis	parallel	to	long	axis	of	bone	
Cortical	thinning	and	narrow	sclerotic	margin	

May	be	multi-chambered	

Giant	Cell	Tumour	 Thinned,	expanded,	irregular	cortical	shell	
Reinforced	ridges	on	inner	surface	

‘Soap	bubble’	appearance	
Margin	pattern	is	either	Type	IB	or	IC	
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Tumour	Type	 Macroscopic	Operational	Definition	 Radiographic	Operational	Definition	

Osteosarcoma	
Bony	spicules	penetrating	outward	from	the	cortex	

Mixture	of	lytic	and	sclerotic	lesions	
Metaphyseal	origin,	occasionally	diaphyseal	

‘Sunburst’	appearance	
‘Onion-skin’	appearance		

Codman’s	triangle,	as	periosteum	is	lifted	by	expanding	
tumour	

Chondrosarcoma	

Intra-medullary	
Erosion	of	the	cortex	

Lysis	that	penetrates	cortex	and	causes	endosteal	cortical	scalloping	
in	medulla	

Causes	intratumoural	calcification	

Matrix	contains	scattered	‘ring	and	arc’,	‘popcorn’	or	
‘dot	and	comma’	calcifications	

Myeloma	 Small,	‘punched	out’	lytic	lesions	
Uniform	in	size	

Numerous,	lytic	lesions	
Uniform	in	size	

Leukaemia	 Extensive	porosity	
No	new	bone	formation	 Radiolucent	band	at	metaphysis	of	long	bones	

Metastasis	
Lytic	lesions	of	variable	size	

Undercut	edges	with	no	evidence	of	healing	or	remodelling	
Sclerotic	lesions	

Poor	definition	and	irregular	defects	
Faint,	sclerotic	margins	

Revelation	of	more	lesions	within	bone	
TABLE	6.3	DIAGNOSTIC	OPERATIONAL	DEFINITIONS	FOR	A	VARIETY	OF	BENIGN	AND	MALIGNANT	TUMOURS	(AUFDERHEIDE	AND	RODRÍGUEZ-MARTÍN	1998;	ORTNER	2003;	CHHEM	ET	AL.	2008;	WALDRON	
2009).
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6.4.5	RECORDING	FORMS	

To	facilitate	and	standardize	documentation	during	data	collection,	four	recording	forms	were	

used.	 Three	 of	 these	 forms	were	 originally	 designed	 and	 used	 by	 the	 author	 during	 his	 Master’s	

research	(Siek	2014)	and	were	revised	for	this	PhD	thesis.	The	first	recording	form	was	designed	to	

offer	a	summary	of	the	skeletal	assemblage,	including	the	name	of	the	archaeological	site,	the	period	

and	 geographic	 region,	 an	 overview	 of	 demographic	 data	 and	 the	 total	 number	 of	 diagnosed	

neoplasms.	The	second	recording	form	was	used	as	a	summary	for	individual	skeletons,	highlighting	

the	age	and	sex	of	the	individual	and	the	distribution	of	neoplastic	lesions,	along	with	a	skeletal	diagram	

to	give	a	visual	overview.	The	third	recording	form	was	designed	to	record	macroscopic	observations	

in	the	individual	skeletal	elements	that	display	neoplastic	lesions.	This	form	records	the	total	number	

of	 lesions	 that	 are	 observed	 on	 the	 bone	 and	 allows	 for	 detailed	 observations	 to	 be	 made	 for	 a	

maximum	of	eight	lesions.	For	simplicity	and	to	avoid	confusion,	on	the	recording	form	each	lesion	was	

assigned	a	number	between	one	and	eight,	to	be	used	as	a	descriptor.	Measurements	were	taken	of	the	

maximum	 length,	 width	 and,	 if	 applicable,	 height	 and/or	 depth.	 The	 lesions	 were	 classified	 as	

osteoblastic,	osteolytic	or	mixed	and	other	observations	included	border	demarcation,	the	condition	

of	the	bone	and	a	detailed	description.	The	fourth	recording	form	was	designed	to	record	radiographic	

observations	on	individual	bones.	Similar	to	the	macroscopic	observations,	this	recording	form	assigns	

a	number	to	each	observed	radiographic	lesion	and	allows	for	up	to	six	lesions.	The	criteria	recorded	

on	this	form	include	the	lytic	pattern,	the	presence	and	type	of	mineralized	matrix,	cortical	destruction	

or	 expansion	 and	periosteal	 reaction.	Blank	 sample	copies	 of	 each	 recording	 form	are	 available	 in	

Appendix	A1	(page	280).	

6.4.6	PILOT	STUDY		

To	 test	 the	methods	used	 for	 identifying	neoplastic	conditions	and	 the	effectiveness	of	 the	

recording	forms,	a	pilot	study	was	held	in	the	Centre	for	Human	Bioarchaeology	(CHB)	at	the	Museum	

of	London.	For	this	pilot	study,	skeletons	from	two	medieval	assemblages,	the	East	Smithfield	Black	

Death	 cemetery	 and	Merton	 Priory	were	 examined.	 Using	 the	 CHB’s	 online	 database,	 12	 cases	 of	

diverse	primary	bone	cancers	were	selected,	including	both	benign	and	malignant	tumours.	Metastatic	

cases	were	not	included	because	there	were	no	secondary	cancers	listed	in	the	database.	Each	skeleton	
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was	examined	macroscopically	and	bones	that	displayed	lesions	or	were	suspected	to	have	a	neoplasm	

were	noted.	After	the	macroscopic	analysis,	the	noted	bones	were	verified	against	the	CHB	database	in	

regard	to	tumour	location	and	diagnosis.	In	this	way,	the	pilot	study	was	semi-blind	as	it	was	known	

that	neoplasms	were	present,	but	it	was	not	known	where	on	the	skeleton	they	could	be	found	or	what	

kind	of	neoplasm	it	was.	This	pilot	study	also	aimed	to	test	the	radiography	examination	criteria	and	

the	associated	recording	form.	There	were	no	existing	radiographs	on	file,	as	none	of	the	skeletons	

from	either	assemblage	had	been	radiographed	in	 the	past.	A	 request	was	made	 to	 the	Museum	of	

London	via	the	CHB	for	radiographs	to	be	made	for	six	bones	that	were	identified	as	tumorous	and	

three	 bones	 that	 were	 suspected	 to	 have	 a	 neoplastic	 condition,	 based	 on	 their	 macroscopic	

appearance.	Only	one	radiograph	was	suitable	for	examination,	as	the	rest	were	either	too	dark	or	the	

bone	was	positioned	incorrectly.	 In	discussion	with	the	CHB,	no	other	radiographs	were	able	to	be	

made	at	that	time,	due	to	upcoming	closure	for	renovation	and	moving	of	the	osteological	collections	

to	a	new	site.	It	was	decided	that	the	remaining	radiograph	would	be	used	to	attempt	the	radiographic	

standards	 and	 recording	 form.	 Overall,	 positive	 identifications	were	made	 for	 the	 correct	 skeletal	

elements	that	the	CHB	had	previously	diagnosed	as	neoplastic	lesions	in	all	twelve	cases,	as	well	as	

identifying	an	osteoma	that	had	been	previously	overlooked.	The	recording	forms	needed	only	minor	

adjustments	in	regard	to	their	formatting,	such	as	spacing	and	font	size.	

6.4.7	PALAEOEPIDEMIOLOGICAL	ANALYTICAL	METHODS	

Modern	 epidemiological	 investigations	 primarily	 focus	 on	 incidence	 and	 prevalence	 as	

measures	of	disease	frequency.	As	was	reviewed	in	Chapter	2,	incidence	is	the	number	of	new	cases	of	

disease	that	occur	in	a	population	over	a	specified	time	period.	However,	in	a	palaeoepidemiological	

context,	 such	 as	 in	 this	 investigation,	 it	 is	 not	 possible	 to	 measure	 incidence	 because	 the	 study	

population	 is	 an	 unchanging	 skeletal	 assemblage,	and	 there	will	 never	 be	any	new	 cases	 over	 any	

period	 of	 time.	 All	 palaeoepidemiological	 investigations	 are	 cross-sectional	 studies	 by	 nature	 and	

therefore	crude	or	stratum-specific	prevalence	is	the	only	measure	of	disease	frequency	that	can	be	

calculated	(Waldron	2007).	Prevalence	is	the	proportion	of	a	defined	group	having	a	disease	condition	

at	a	single	point	in	time.	This	measure	has	no	temporal	bounds	and	thus	includes	all	existing	cases,	

regardless	of	when	the	disease	began	during	the	individual’s	life	(Tobias	and	Hochhauser	2010).	
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An	odds	ratio	was	calculated	to	assess	the	risk	of	neoplasm	development	for	varying	factors	

such	as	sex	and	age	between	the	urban	and	rural	assemblages.	The	odds	ratio	represents	the	odds	that	

an	 outcome	 will	 occur	 given	 a	 particular	 variable	 and	 is	 commonly	 used	 in	 cross-sectional	

epidemiological	studies	(Szumilas	2010).	The	odds	ratio	is	calculated	using	a	2x2	contingency	table	

and	the	following	formula	(Table	6.4).		

	

	 Present	 Not	Present	
Factor	1	 a	 b	
Factor	2	 c	 d	

TABLE	6.4	AN	EXAMPLE	OF	A	2X2	CONTINGENCY	TABLE	USED	TO	CALCULATE	AN	ODDS	RATIO.	
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If	 the	value	of	 the	odds	ratio	 is	equal	 to	1.0,	 this	 indicates	 the	 frequency	of	disease	 in	 the	

exposed	and	unexposed	groups	is	identical	and	the	putative	factor	does	not	affect	the	outcome.	If	the	

value	is	greater	than	1.0,	this	indicates	a	positive	association	with	the	putative	factor	and	an	increased	

risk	among	the	exposed	group.	A	value	less	than	1.0	indicates	a	negative	association	with	the	putative	

factor	and	a	decreased	risk	among	the	exposed	group	(dos	Santos	Silva	1999;	Szumilas	2010).	In	the	

context	of	 this	 investigation,	 the	expositive	 factor	 refers	 to	 living	 in	an	urban	or	 rural	 setting.	The	

guidelines	set	forth	by	Sahai	and	Khurshid	(1996)	were	used	for	further	clarification	regarding	the	

interpretation	of	the	odds	ratio	(Table	6.5).	
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Odds	Ratio	Value	 Effect	of	Exposure	to	Risk	
0-0.3	 Strong	Negative	
0.4-0.5	 Moderate	Negative	
0.6-0.8	 Negative	
0.9-1.1	 No	Effect	
1.2-1.6	 Weak	Positive	
1.7-2.5	 Moderate	Positive	
≥	2.6	 Strong	Positive	

TABLE	6.5	GUIDELINES	FOR	THE	INTERPRETATION	OF	THE	VALUES	OF	ODDS	RATIOS	SET	OUT	BY	SAHAI	AND	KHURSHID	(1996).	
	

Ninety-five	 percent	 confidence	 intervals	were	 also	 calculated	 for	 the	 prevalence	 and	 odds	

ratios.	In	medical	and	epidemiological	investigations,	the	goal	is	to	determine	the	magnitude	of	a	factor	

of	interest,	rather	than	testing	for	statistical	significance	with	a	null	hypothesis	suggesting	a	‘yes’	or	

‘no’	answer	(Gardner	and	Altman	2000a).	Ninety-five	percent	confidence	intervals	are	employed	by	

epidemiologists	to	indicate	the	precision	or	imprecision	of	proportions,	rates	and	ratios	when	drawing	

inferences	 from	 a	 sample	 group	 for	 a	 larger	 population	 (Gardner	 and	 Altman	 2000b;	 Centers	 for	

Disease	Control	2012).	A	confidence	interval	produces	an	upper	and	lower	range	of	values	that	are	

plausible	for	the	population	and	represents	the	range	between	which	the	estimate	of	frequency	would	

lie	 in	95	of	a	100	trials	(Gardner	and	Altman	2000a;	Souza	et	al.	2003).	A	large	or	wide	confidence	

interval	indicates	a	low	level	of	precision,	while	a	small	or	narrow	confidence	interval	indicates	a	high	

level	of	precision	(Szumilas	2010;	Centers	for	Disease	Control	2012).	The	95%	confidence	interval	is	

calculated	as	follows,	where	P=prevalence,	1.96	is	the	z-value	for	a	95%	confidence	interval	of	a	normal	

distribution	and	SE(P)	is	the	standard	error	of	the	prevalence	(Pinhasi	and	Turner	2008).	

	

89:; = 	! ± 1.96 × BC(!)	
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6.5	RESULTS	

Among	the	10	assemblages	at	PAS,	a	total	of	624	individuals	were	examined.	The	largest	age	

category	among	all	the	skeletal	assemblages	was	Adultus.	Regarding	sex,	there	were	296	males	and	

266	females.	One	hundred	and	ninety-three	individuals	were	recorded	as	Indeterminate	Adult	and	48	

adults	were	of	Indeterminate	Sex.	A	full	catalogue	of	the	skeletal	material	from	PAS	can	be	found	in	

Appendices	A3,	A4	and	A5	(pages	289,	305	and	308),	including	photographs	of	the	observed	lesions	

and	radiographs.	

6.5.1	IDENTIFIED	NEOPLASMS	IN	THE	POLISH	ACADEMY	OF	SCIENCES	SKELETAL	ASSEMBLAGES		

From	 the	 examined	 skeletal	 assemblages	 the	 most	 commonly	 diagnosed	 neoplasm	 was	

osteoma	 (Figures	 6.9-6.13,	 pages	 204-206).	 This	 benign	 neoplasm	 was	 present	 in	 at	 least	 one	

individual	from	six	of	the	10	cemetery	assemblages	and	in	total	93	osteomata	were	observed	in	67	

individuals.	All	the	osteomata	presented	as	round,	almost	circular,	growths	of	smooth,	cortical	bone.	

All	 of	 the	 osteomata	were	 limited	 to	 the	 cranium,	with	 the	 frontal	 bone	 being	 the	most	 frequent	

location,	 but	 some	were	 also	 found	 on	 the	 parietals,	 the	 occipital	 and	 at	 bregma	 (Table	 6.6).	 The	

osteomata	were	categorized	using	the	typology	developed	by	Eshed	et	al.	(2002).	In	their	study,	the	

researchers	distinguished	three	size	categories,	which	were	also	applied	to	the	osteomata	in	the	PAS	

assemblages.	The	size	categories	are	Small	(1-2	mm),	Medium	(3-5	mm)	and	Large	(≥6	mm).	In	the	PAS	

assemblages,	 half	 of	 the	 observed	 osteomata	were	 in	 the	Medium	 group	 and	 the	 average	 size	was	

5.9x5.1mm	(Table	6.7).	Eshed	et	al.	(2002)	also	described	four	distribution	patterns,	the	first	of	which	

is	the	most	commonly	known	Button	Osteoma	consisting	of	a	solitary,	circular	ivory-like	exostosis	with	

sharply	 defined	margins.	 The	 next	was	Satellite	Osteoma	where	 flat,	 small,	 ivory-like	 roundels	 are	

located	in	close	proximity	to	a	large	lesion.	This	was	followed	by	Nested	Osteoma	where	two	or	more	

small	osteomas	are	uniform	in	size	and	in	close	proximity	with	each	other.	The	fourth	and	last	pattern	

was	Disseminated	Osteoma	characterized	by	three	or	more	lesions	distributed	over	a	large	area	of	the	

cranium.	 In	 the	PAS	assemblages,	 the	majority	of	 the	osteomata	were	classified	as	Button	Osteoma	

(Table	6.8).	A	full	tabulation	of	the	osteomata	at	PAS	can	be	found	in	Appendix	A2	(page	286).	
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Cranial	Position	 Number	of	Osteomata	
Frontal	 57	
Parietal	 32	
Occipital	 3	
Bregma	 1	

TABLE	6.6	THE	CRANIAL	POSITIONS	OF	THE	OSTEOMATA	IN	THE	10	ASSEMBLAGES	FROM	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

Size	Category	 Number	of	Osteomata	
Small	 15	
Medium	 47	
Large	 31	

TABLE	6.7	THE	DISTRIBUTION	OF	OSTEOMATA	SIZE	IN	THE	10	ASSEMBLAGES	FROM	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

Distribution	Pattern	 Number	of	Osteomata	
Button	Osteoma	 65	
Satellite	Osteoma	 7	
Nested	Osteoma	 2	

Disseminated	Osteoma	 3	
TABLE	6.8	THE	DISTRIBUTION	PATTERNS	OF	OSTEOMATA	IN	THE	10	ASSEMBLAGES	FROM	THE	POLISH	ACADEMY	OF	SCIENCES.	
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FIGURE	6.9	THE	CRANIUM	OF	M76,	FROM	MILICZ,	WITH	A	SATELLITE	OSTEOMA	NEAR	THE	MIDLINE	OF	THE	FRONTAL	BONE.	
	

 
FIGURE	6.10	THE	CRANIUM	OF	P14,	FROM	PAWŁÓW,	WITH	A	BUTTON	OSTEOMA	NEAR	THE	METOPIC	SUTURE	ON	THE	FRONTAL	
BONE.	
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FIGURE	6.11	THE	CRANIUM	OF	S44,	FROM	SANDOMIERZ,	WITH	A	LARGE	BUTTON	OSTEOMA	ON	THE	LEFT	PARIETAL	BONE.	
	

 
FIGURE	6.12	THE	CRANIUM	OF	WE91,	FROM	WROCŁAW	–	SW	ELŻBIETA,	WITH	A	BUTTON	OSTEOMA	CLOSE	TO	BREGMA.	
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FIGURE	6.13	A	RADIOGRAPH	OF	THE	CRANIUM	OF	M367,	FROM	MILICZ,	EXHIBITING	A	BUTTON	OSTEOMA	IN	THE	FRONTAL	BONE.	
THIS	DIAGNOSIS	WAS	CONFIRMED	UPON	CONSULTATION	WITH	DR	WATT	AT	THE	UNIVERSITY	OF	EXETER	(PERS.	COMM.	17	JUNE	
2018).	
	

6.5.1.1	M167	

An	 individual	 from	Milicz,	M167,	a	Maturus	 female,	exhibited	 a	 large	 number	 of	 osteolytic	

lesions	(Figure	6.14).	Approximately	90	lytic	lesions	were	present	ectocranially	and	an	additional	60	

were	 observed	 endocranially,	 encompassing	 the	 frontal,	 parietals,	 occipital,	 temporals	 and	 the	

sphenoid.	The	majority	of	the	lesions	ranged	between	5-10	mm,	with	some	merging	into	larger	ones.	

All	of	the	lesions	were	lytic,	with	sharply	defined	margins	and	no	bony	reaction	or	sclerotic	activity.	

The	lytic	lesions	on	the	endocranial	surface	were	similar	to	those	on	the	ectocranial	surface	in	their	

shape	 and	 dimensions.	 The	 lytic	 lesions	 on	 M167	 conform	 to	 the	 established	 paleopathological	

characteristics	of	multiple	myeloma	and	metastatic	carcinoma	of	the	breast.	Both	multiple	myeloma	
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and	metastatic	carcinoma	originate	in	and	destroy	the	trabecular	bone,	then	expand	outward	to	either	

or	both	the	inner	and	outer	tables	of	the	bone,	but	metastases	from	breast	cancer	are	more	likely	to	

result	in	mixed	osteolytic	and	osteoblastic	lesions.	In	the	larger	legions	of	M167,	it	was	observed	that	

this	was	the	case	as	the	diploë	was	destroyed	and	only	small	portions	of	the	inner	and	outer	tables	

remained,	creating	a	bevelled	appearance.	It	is	unlikely	these	lesions	are	due	to	taphonomic	processes	

such	as	plant	or	insect	activity,	due	to	their	origins	in	the	diploë.	Despite	the	remainder	of	the	skeleton	

not	being	present,	the	lesions	observed	are	typical	of	a	neoplastic	process	and	after	considering	the	age	

and	sex	of	the	individual,	as	well	as	the	location	and	nature	of	the	lesions,	the	differential	diagnosis	

includes	either	multiple	myeloma	or	metastatic	carcinoma	of	the	breast.	

	
FIGURE	6.14	THE	CRANIUM	OF	M167,	FROM	MILICZ,	DISPLAYING	NUMEROUS	LYTIC	LESIONS	ON	THE	SUPERIOR	AND	LATERAL	
ASPECTS	OF	THE	CALVARIA.	
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6.5.1.2	M81	

A	 benign	 neoplasm	was	 observed	 in	M81	 an	Adultus	male	 from	Milicz	 (Figure	 6.15).	 This	

individual	exhibited	a	 swelling	at	 the	proximal	metaphysis	of	 the	 right	 femur.	Macroscopically,	 the	

metaphysis	was	noticeably	expanded	in	the	region	of	the	lesser	trochanter.	The	cortical	bone	showed	

no	surface	reaction	and	was	texturally	undifferentiated	from	the	remainder	of	the	bone.	A	radiograph	

revealed	a	tumour	in	the	metaphysis,	measuring	5	cm	in	diameter.	The	tumour	was	solitary,	with	a	thin	

sclerotic	border	and	there	was	increased	cortical	thickness,	medially,	inferior	to	the	femoral	neck.	The	

solitary	state	of	the	lesion,	the	thin	sclerotic	rim	and	the	increased	cortical	thickening	indicate	this	

tumour	was	benign	and	slow	growing.	M81’s	femoral	lesion	is	typical	of	a	bone	cyst.	This	is	a	common	

benign	 tumour	 that	develops	under	20	years	of	age	and	can	persist	 into	adulthood	(Mascard	 et	al.	

2015).	It	is	a	round	or	ovular	singular	cavity,	normally	located	in	the	trabecular	portion	of	long	bone	

metaphyses,	 with	 a	 strong	 predilection	 for	 the	 proximal	 humerus	 and	 femur	 (Aufderheide	 and	

Rodríguez-Martín	 1998;	 Ortner	 2003;	 Greenspan	 et	 al.	 2007).	 Radiographically,	 the	 lesion	 has	 a	

defined	margin	and	shows	an	expansion	of	the	cortex;	in	life	this	cavity	would	have	been	fluid-filled,	

but	 in	 skeletal	 remains	it	appears	 radiolucent	with	a	gaseous	density	 (Aufderheide	and	Rodríguez-

Martín	1998;	Chhem	et	al.	2008).	The	consultation	with	Dr	Watt	confirmed	the	diagnosis	of	a	bone	cyst	

(pers.	comm.	17	June	2018).	

	
FIGURE	6.15	THE	RIGHT	FEMUR	OF	M81,	WITH	A	LARGE	TUMOUR	AT	THE	METAPHYSIS.	NOTICE	THE	WELL-DEFINED	SCLEROTIC	
RIM,	INDICATIVE	OF	A	BENIGN	GROWTH.	THIS	DIAGNOSIS	WAS	CONFIRMED	UPON	CONSULTATION	WITH	DR	WATT	AT	THE	

UNIVERSITY	OF	EXETER	(PERS.	COMM.	17	JUNE	2018).	
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6.5.1.3	M212	and	P5	

Along	 with	 the	 previously	 mentioned	 M167,	 there	 were	 two	 further	 cases	 diagnostic	 of	

metastatic	carcinoma.	The	first	was	M212,	a	Maturus	female	from	Milicz	whose	cranium	exhibited	lytic	

lesions	on	the	frontal,	parietal	and	occipital	(Figure	6.16).	The	lesion	on	the	left	frontal	was	the	largest	

and	measured	15x11	mm.	It	was	of	irregular	shape,	with	jagged,	moth-eaten	edges	and	penetrated	both	

the	inner	and	outer	table.	There	was	some	porotic	reaction	on	the	outer	table	surrounding	the	lesion	

margins.	On	the	right	parietal	were	two	lesions,	the	first	of	which	was	8x7	mm,	with	smooth	edges	and	

formed	a	circular	crater-like	depression.	The	second	lesion	was	also	circular	and	measured	11x9	mm.	

Unlike	the	other	lesions,	this	one	had	a	sclerotic	reaction	around	the	margins	resulting	in	a	4	mm-wide	

raised	border.	The	raised	edges	had	a	rough	texture,	similar	to	the	rough,	eroded	texture	of	the	rest	of	

the	 parietal;	 it	 is	 likely	 this	 was	 due	 to	 taphonomic	 processes.	 The	 lesion	 on	 the	 occipital	 was	

endocranial	 and	 due	 to	 its	 location,	 an	 accurate	 measurement	 was	 difficult	 to	 obtain;	 it	 was	

approximately	10x5	mm.	Similar	to	the	lesion	on	the	frontal	bone,	the	occipital	lesion	was	irregular	in	

shape	and	surrounded	by	a	porotic	reaction.	

	

	
FIGURE	6.16	THE	CRANIUM	OF	M212	FROM	MILICZ.	A	LYTIC	LESION	ON	THE	LEFT	PORTION	OF	THE	FRONTAL	BONE	AND	
ANOTHER	LYTIC	DEFECT	ON	THE	RIGHT	PARIETAL.	A	SMALL	OSTEOMA	IS	ALSO	PRESENT	ON	THE	FRONTAL.	
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The	second	individual	was	a	Maturus	female,	P5,	from	Pawłów.	Lytic	lesions	were	observed	

on	the	cranium,	ossa	coxae	and	vertebrae	(Figures	6.17	and	6.18).	The	largest	cranial	lesion	was	on	

the	left	frontal	and	parietal,	along	the	coronal	suture.	It	measured	33x31	mm,	with	sharp,	scalloped	

edges.	The	diploë	was	destroyed	leaving	a	bevelled	appearance	between	the	inner	and	outer	table.	

The	second	cranial	lesion	was	on	the	right	parietal,	parallel	to	the	first.	Due	to	its	symmetry,	it	was	

first	presumed	 that	 these	 lesions	may	have	been	 the	result	of	 sharp	 force	 trauma,	but	 this	was	

refuted	 by	 the	 absence	 of	 the	 characteristic	 external	 and	 internal	 bevelling	 (Prahlow	 2010).	

Similarly,	this	lesion	was	also	round,	with	scalloped	edges	and	bevelled	between	the	inner	and	outer	

tables.	On	the	ossa	coxae,	numerous	lytic	lesions	were	present	on	both	ilia	and	the	left	ischium.	On	

the	ilia,	the	lesions	were	circular	with	sharp,	sometimes	wavy	edges;	the	largest	was	17x13	mm	and	

the	smallest	was	10x6	mm.	A	similar	lytic	lesion	was	also	present	on	the	pre-auricular	surface	of	

the	right	ossa	coxae,	creating	a	circular	hole	16x13	mm	in	diameter.	On	the	left	ossa	coxae,	the	pre-

auricular	surface	had	been	more	extensively	destroyed.	The	remaining	trabecular	bone	had	been	

absorbed	and	the	edges	of	the	cortical	bone	appear	chewed	in	places.		

Radiographs	were	taken	of	the	crania	and	ossa	coxae	of	both	M212	and	P5	(Figures	6.19	

and	6.20,	page	212)	as	well	as	of	the	latter	thoracic	and	lumbar	vertebrae.	In	M212,	the	radiograph	

revealed	a	number	of	small,	lytic	defects	ranging	in	size	from	3-7	mm.	In	P5,	the	cranium	exhibited	

radiographic	translucency	2	cm	across	the	parietal.	In	the	ossa	coxae,	more	extensive	lytic	lesions	

were	 observed	 in	 the	 ischium	 around	 the	 acetabulum,	 extending	 down	 towards	 the	 ischial	

tuberosity.	The	first	lumbar	vertebrae	of	P5	also	displayed	lytic	translucency	in	the	vertebral	body.	

The	exterior	portion	of	the	body	was	damaged	post-mortem,	leaving	a	thin	trabecular	wall	in	place.	

When	viewed	on	the	radiograph,	it	was	observed	that	behind	this	wall	was	a	round,	lytic	lesion,	1.5	

cm	in	diameter	with	no	sclerotic	reaction.	
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FIGURE	6.17	THE	CRANIUM	OF	P5,	FROM	PAWŁÓW,	WITH	LARGE	LYTIC	LESIONS	ON	BOTH	PARIETALS.	
	

	
FIGURE	6.18	THE	OSSA	COXAE	OF	P5,	FROM	PAWŁÓW	WITH	NOTICEABLE	LYTIC	LESIONS.	
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FIGURE	6.19	A	RADIOGRAPH	OF	M212	REVEALING	SMALLER	LYTIC	LESIONS	WITHIN	THE	DIPLOË.	
	

	
FIGURE	6.20	A	RADIOGRAPH	OF	THE	OSSA	COXAE	OF	P5	REVEALING	MORE	INTERNAL	LYTIC	LESIONS.	
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The	 appearance	 and	 character	 of	 the	 lesions	 in	M212	 and	P5	 are	 diagnostic	 of	metastatic	

carcinoma.	Metastatic	lesions	normally	occur	in	the	cranium,	ossa	coxae	and	vertebrae,	as	these	are	

regions	where	metastases	are	deposited	via	haematological	or	lymphatic	routes.	Some	lesions	were	

first	observed	macroscopically,	but	more	were	identified	after	a	radiographic	examination.	When	this	

is	paired	with	the	fact	of	the	destruction	of	the	trabecular	bone	and	diploë	in	the	cranial	bones,	it	can	

be	inferred	that	the	lesions	developed	within	the	bone	and	then	expanded	outward,	as	metastases	are	

known	to	do.	Furthermore,	Dr	Watt	at	the	University	of	Exeter,	who	consulted	on	the	radiographic	

presentation	 of	 the	 skeletal	 lesions,	 also	 confirmed	 metastasis	 to	 be	 a	 likely	 diagnosis	 for	 both	

individuals	 (pers.	 comm.	 17	 June	 2018).	 Taking	 into	 consideration	 the	 lesions	 distributions	 and	

appearances,	as	well	as	the	age	and	sex	of	M212	and	P5,	the	metastases	most	likely	resulted	from	breast	

cancer.	Carcinoma	of	the	breast	 is	the	most	common	source	of	bone	metastases	in	females	over	50	

years	of	age,	and	there	have	been	a	significant	number	of	cases	present	in	women	a	decade	younger	

than	this	(Waldron	2009).	Metastatic	breast	cancer	lesions	are	normally	osteolytic	 in	nature	and	of	

variable	size,	with	little	evidence	of	healing	or	remodelling,	as	was	seen	in	M212	and	P5.	

6.5.2	PALAEOEPIDEMIOLOGICAL	ANALYSIS	

6.5.2.1	Prevalence	

Among	the	10	assemblages	at	PAS,	70	individuals	exhibited	benign	or	malignant	neoplasms.	

The	crude	prevalence	for	the	entire	PAS	assemblage	was	calculated	to	be	11.2%	with	a	95%	confidence	

interval	(95%CI)	of	9.0	to	13.9	(Table	6.9,	page	214).	Stratum-specific	prevalence	was	also	calculated	

for	sex	and	age.	The	sex-specific	prevalence	was	12.8%	among	males	with	a	95%	confidence	interval	

of	9.5	to	17.1	and	12.0%	among	females	with	a	95%	confidence	interval	of	8.7	to	16.5.	The	age-specific	

prevalence	was	11%	with	a	95%	confidence	interval	of	7.2	to	16.6	for	the	Maturus	age	group	and	3.6%	

with	a	95%	confidence	interval	of	1.9	to	7.0	for	the	Adultus	age	group	(Tables	6.10-6.11,	page	214).		
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Number	of	
Individuals	

with	
Neoplasms	

Total	
Number	of	
Individuals	

Crude	
Prevalence	

95%	Confidence	
Intervals	(Lower	and	

Upper)		

Tomice	 1	 22	 4.5%	 0.8	 21.8	

Sandomierz	 2	 25	 8.0%	 2.2	 25.0	

Samborzec	 0	 34	 0.0%	 -	 -	

Milicz	 46	 233	 19.7%	 15.1	 25.3	

Grodek	nad	Bugiem	 10	 73	 13.7%	 7.6	 23.4	

Pawłów	 5	 49	 10.2%	 4.4	 21.8	

Wrocław	 6	 188	 3.1%	 1.5	 6.8	

TOTAL	 70	 624	 11.2%	 9.0	 13.9	
TABLE	6.9	THE	CRUDE	PREVALENCE	AND	95%	CONFIDENCE	INTERVALS	FOR	EACH	ASSEMBLAGE	FROM	THE	10	ASSEMBLAGES	AT	
THE	POLISH	ACADEMY	OF	SCIENCES,	AS	WELL	AS	THE	TOTAL	CRUDE	PREVALENCE.	
	

	
Number	of	
Individuals	

with	
Neoplasms	

Total	
Number	of	
Individuals	

Prevalence	
95%	Confidence	

Intervals	(Lower	and	
Upper)	

Males	 38	 296	 12.8%	 9.5	 17.1	

Females	 32	 266	 12.0%	 8.7	 16.5	
TABLE	6.10	THE	SEX-SPECIFIC	PREVALENCE	AND	95%	CONFIDENCE	INTERVALS	FOR	MALES	AND	FEMALES	FROM	THE	10	
ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

	
Number	of	
Individuals	

with	
Neoplasms	

Total	
Number	of	
Individuals	

Prevalence	
95%	Confidence	

Intervals	(Lower	and	
Upper)	

Sub-Adult	 0	 14	 0.0%	 -	 -	

Juvenis	 0	 21	 0.0%	 -	 -	

Adultus	 8	 220	 3.6%	 1.9	 7.0	

Maturus	 19	 172	 11.0%	 7.2	 16.6	

Senilis	 0	 4	 0.0%	 -	 -	
TABLE	6.11	THE	AGE-SPECIFIC	PREVALENCE	AND	95%	CONFIDENCE	INTERVALS	FOR	THE	AGE	CATEGORIES	FROM	THE	10	
ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES.	
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The	10	assemblages	were	divided	into	urban	and	rural	groups.	The	total	prevalence	among	

the	urban	group	was	3.8%	(95%CI	1.9-7.2)	and	15.1%	(95%CI	12.0-18.9)	among	the	rural	group	(Table	

6.12).	The	sex-specific	prevalence	for	males	was	5.1%	(95%CI	2.2-11.3)	among	the	urban	group	and	

16.8%	(95%CI	12.2-22.6)	among	the	rural	group.	The	sex-specific	prevalence	for	females	was	3.8%	

(95%CI	1.3-10.7)	among	the	urban	group	and	15.4%	(95%CI	11.0-21.3)	among	the	rural	group.	The	

age-specific	prevalence	for	the	Maturus	age	group	was	4.3%	(95%CI	1.5-12.0)	among	the	urban	group	

and	15.5%	(95%CI	9.8-23.8)	among	the	rural	group	(Tables	6.13-6.14).	

	

	
Number	of	
Individuals	

with	
Neoplasms	

Total	
Number	of	
Individuals	

Prevalence	
95%	Confidence	

Intervals	(Lower	and	
Upper)	

Urban	 8	 213	 3.8%	 1.9	 7.2	

Rural	 62	 411	 15.1%	 12.0	 18.9	
TABLE	6.12	THE	CRUDE	PREVALENCE	AND	95%	CONFIDENCE	INTERVALS	FOR	THE	URBAN	AND	RURAL	ASSEMBLAGE	GROUPINGS	

FROM	THE	10	ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

	
Number	of	
Individuals	

with	
Neoplasms	

Total	
Number	of	
Individuals	

Prevalence	
95%	Confidence	

Intervals	(Lower	and	
Upper)	

Urban	Males	 5	 99	 5.1%	 2.2	 11.3	

Rural	Males	 33	 197	 16.8%	 12.2	 22.6	

Urban	Females	 3	 78	 3.8%	 1.3	 10.7	

Rural	Females	 29	 188	 15.4%	 11.0	 21.3	
TABLE	6.13	THE	SEX-SPECIFIC	PREVALENCE	AND	95%	CONFIDENCE	INTERVALS	FOR	THE	URBAN	AND	RURAL	ASSEMBLAGE	

GROUPINGS	FROM	THE	10	ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES.	
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Number	of	
Individuals	

with	
Neoplasms	

Total	
Number	of	
Individuals	

Prevalence	
95%	Confidence	

Intervals	(Lower	and	
Upper)	

Urban	Sub-Adult	 0	 5	 0.0%	 -	 -	

Rural	Sub-Adult	 0	 9	 0.0%	 -	 -	

Urban	Juvenis	 0	 4	 0.0%	 -	 -	

Rural	Juvenis	 0	 17	 0.0%	 -	 -	

Urban	Adultus	 0	 100	 0.0%	 -	 -	

Rural	Adultus	 8	 120	 6.7%	 3.4	 12.6	

Urban	Maturus	 3	 69	 4.3%	 1.5	 12.0	

Rural	Maturus	 16	 103	 15.5%	 9.8	 23.8	

Urban	Senilis	 0	 1	 0.0%	 -	 -	

Rural	Senilis	 0	 3	 0.0%	 -	 -	
TABLE	6.14	THE	AGE-SPECIFIC	PREVALENCE	AND	95%	CONFIDENCE	INTERVALS	FOR	THE	URBAN	AND	RURAL	ASSEMBLAGE	

GROUPINGS	FROM	THE	10	ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

6.5.2.2	Odds	Ratios	

	 Odds	ratios	and	their	95%	confidence	intervals	were	calculated	to	compare	the	prevalence	

observed	 in	 the	 PAS	assemblages	and	 the	 prevalence	 reported	 by	Gładykowska-Rzeczycka	 (1991).	

These	 calculations	were	 performed	 between	 the	 combined	 PAS	 rural	 and	 urban	 assemblages,	 the	

largest	rural	assemblage	from	PAS	(Milicz)	and	the	largest	urban	assemblage	from	PAS	(Wrocław)	and	

between	 the	 PAS	 assemblages	 and	 the	 three	 selected	 assemblages	 from	 Gładykowska-Rzeczycka	

(1991).	All	odds	ratios	are	‘rural:urban’	and	have	been	rounded	to	one	decimal	point.	Interpretation	of	

the	odds	ratio	follow	the	guidelines	outlined	by	Sahai	and	Khurshid	(1996)	(see	Table	6.5,	page	201).	

	

	 Prevalence	 Odds	Ratio	 95%	Confidence	Intervals	
(Lower	and	Upper)	

Rural	Group	 15.1%	
0.2	 0.1	 0.5	

Urban	Group	 3.8%	
TABLE	6.15	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	THE	

URBAN	AND	RURAL	GROUPS	FROM	THE	10	ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

In	Table	6.15	the	odds	ratio	is	a	moderate	negative	association,	indicating	that	the	urban	group	

had	less	odds	of	having	a	neoplasm	than	the	rural	group.	The	95%	confidence	interval	for	the	odds	

ratio	supports	this	result	as	it	encompasses	a	moderate	to	strong	range	of	negative	effect.	
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	 Prevalence	 Odds	Ratio	 95%	Confidence	Intervals	
(Lower	and	Upper)	

Rural	Males	 16.8%	
0.3	 0.1	 0.7	

Urban	Males	 5.1%	

Rural	Females	 15.4%	
0.2	 0.1	 0.7	

Urban	Females	 3.8%	
TABLE	6.16	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	THE	

MALES	AND	FEMALES	OF	THE	URBAN	AND	RURAL	GROUPS	FROM	THE	10	ASSEMBLAGES	FROM	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

The	odds	ratios	in	Table	6.16	indicate	that	the	males	and	females	from	the	urban	group	were	

less	likely	to	have	a	neoplasm	than	males	and	females	in	the	urban	group.	The	95%	confidence	intervals	

support	both	of	these	results	as	they	encompass	an	overall	negative	range	of	effect.	

	

	 Prevalence	 Odds	Ratio	 95%	Confidence	Intervals	
(Lower	and	Upper)	

Rural	Maturus	Group	 15.5%	
0.2	 0.1	 0.9	

Urban	Maturus	Group	 4.3%	
TABLE	6.17	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	THE	

MATURUS	AGE	GROUPS	OF	THE	URBAN	AND	RURAL	GROUPS	FROM	THE	10	ASSEMBLAGES	FROM	THE	POLISH	ACADEMY	OF	
SCIENCES.	
	

In	Table	6.17	the	odds	ratio	indicates	that	the	urban	Maturus	age	category	were	also	less	likely	

to	have	a	neoplasm	than	their	rural	counterparts.	The	95%	confidence	interval	supports	this	as	the	

values	range	from	a	strong	negative	to	neutral	effect.	

	 Crude	
Prevalence	

Odds	Ratio	 95%	Confidence	Intervals	
(Lower	and	Upper)	

Milicz	 19.7%	
0.1	 0.1	 0.3	

Wrocław	 3.2%	
TABLE	6.18	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	THE	

WROCŁAW	AND	MILICZ	ASSEMBLAGES	FROM	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

In	comparing	the	crude	prevalence	of	the	Milicz	and	Wrocław	assemblages	(Table	6.18),	the	

odds	 ratio	 indicates	 that	 the	 individuals	 from	 the	Wrocław	 assemblage	were	 less	 likely	 (a	 strong	

negative)	to	have	a	neoplasm	than	the	individuals	from	the	Milicz	assemblage.	The	95%	confidence	

interval	supports	this	result	as	a	strong	negative	range	of	effect.	
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	 Prevalence	 Odds	Ratio	 95%	Confidence	Intervals	
(Lower	and	Upper)	

Milicz	Males	 21.9%	
0.2	 0.1	 0.5	

Wrocław	Males	 4.8%	

Milicz	Females	 20.0%	
0.1	 0.0	 0.5	

Wrocław	Females	 2.8%	
TABLE	6.19	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	THE	

MALES	AND	FEMALES	OF	THE	WROCŁAW	AND	MILICZ	ASSEMBLAGES	FROM	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

The	odds	ratios	in	Table	6.19	indicate	that	the	males	and	females	from	Wrocław	were	also	less	

(a	strong	negative)	likely	to	have	a	neoplasm	than	those	from	Milicz.	The	95%	confidence	intervals	for	

both	 males	 and	 females	 show	 a	 high	 level	 of	 precision	 because	 the	 values	 range	 from	 strong	 to	

moderate	negative.	

	

	 Prevalence	 Odds	Ratio	
95%	Confidence	Intervals	

(Lower	and	Upper)	
Milicz	Maturus	Group	 30.3%	

0.1	 0.0	 0.4	
Wrocław	Maturus	Group	 3.6%	

TABLE	6.20	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	THE	

MATURUS	AGE	GROUPS	FROM	THE	WROCŁAW	AND	MILICZ	ASSEMBLAGES	FROM	THE	POLISH	ACADEMY	OF	SCIENCES.	
	

In	Table	6.20	the	odds	ratio	indicates	that	the	Wrocław	Maturus	age	category	were	less	likely	

(a	strong	negative)	to	have	a	neoplasm	than	their	Milicz	counterparts.	The	95%	confidence	interval	

shows	a	high	level	of	precision	because	the	values	encompass	a	strong	to	moderate	negative.	
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	 Prevalence	 Odds	Ratio	 95%	Confidence	Intervals	
(Lower	and	Upper)	

PAS	Rural	Group	 15.1%	
0.2	 0.1	 0.3	

GR	Urban	Group	 2.8%	

GR	Rural	Group	 12.1%	
0.3	 0.1	 0.7	

PAS	Urban	Group	 4.2%	
TABLE	6.21	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	THE	

URBAN	AND	RURAL	GROUPS	FROM	THE	ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES	(PAS)	AND	THE	SELECTED	
ASSEMBLAGES	FROM	GŁADYKOWSKA-RZECZYSKA	(1991)	(GR).	
	

In	Table	6.21	the	odds	ratios	were	calculated	to	compare	the	prevalence	between	the	urban	

and	rural	groups	from	PAS	and	the	selected	assemblages	from	Gładykowska-Rzeczyska	(1991)	(GR).	

The	odds	ratios	show	that	the	urban	groups	from	PAS	and	GR	were	less	likely	(strong	negative)	to	have	

a	neoplasm	than	the	rural	groups	from	PAS	and	GR.	The	95%	confidence	intervals	show	a	high	level	of	

precision	for	both	odds	ratios	because	the	values	include	a	strong	negative	for	the	first	and	a	strong	to	

moderate	negative	association	for	the	second.	

	

	 Prevalence	 Odds	Ratio	 95%	Confidence	Intervals	
(Lower	and	Upper)	

PAS	Rural	Males	 16.6%	
0.1	 0.1	 0.3	

GR	Urban	Males	 2.6%	

GR	Rural	Males	 15.7%	
0.3	 0.1	 0.8	

PAS	Urban	Males	 5.1%	
TABLE	6.22	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	MALES	

IN	THE	URBAN	AND	RURAL	GROUPS	FROM	THE	ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES	(PAS)	AND	THE	SELECTED	
ASSEMBLAGES	FROM	GŁADYKOWSKA-RZECZYSKA	(1991)	(GR).	
	

The	odds	ratios	in	Table	6.22	compare	the	prevalence	of	urban	and	rural	males.	The	urban	

males	from	PAS	were	less	likely	to	have	a	neoplasm	than	the	rural	males	from	GR.	Similarly,	the	urban	

males	 from	 GR	 had	 lesser	 odds	 of	 having	 a	 neoplasm	 than	 the	 rural	 males	 from	 PAS.	 The	 95%	

confidence	intervals	show	a	high	level	of	precision	for	both	odds	ratios	because	the	values	include	a	

strong	negative	association	for	the	first	and	a	negative	association	for	the	second.	
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	 Prevalence	 Odds	Ratio	 95%	Confidence	Intervals	
(Lower	and	Upper)	

PAS	Rural	Females	 15.4%	
0.2	 0.1	 0.3	

GR	Urban	Females	 2.8%	

GR	Rural	Females	 4.8%	
0.8	 0.2	 4.1	

PAS	Urban	Females	 3.8%	
TABLE	6.23	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	

FEMALES	IN	THE	URBAN	AND	RURAL	GROUPS	FROM	THE	ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES	(PAS)	AND	THE	
SELECTED	ASSEMBLAGES	FROM	GŁADYKOWSKA-RZECZYSKA	(1991)	(GR).	
	

In	Table	6.23	the	odds	ratios	compare	the	prevalence	of	urban	and	rural	females.	The	urban	

females	 from	 GR	were	 less	 likely	 to	 have	 a	 neoplasm	 than	 the	 rural	 females	 from	 PAS.	 The	 95%	

confidence	intervals	show	a	high	level	of	precision	for	this	odds	ratio	as	a	strong	negative.	The	urban	

females	from	PAS	were	had	less	odds	of	having	a	neoplasm	than	the	rural	females	from	GR.	However,	

the	95%	confidence	interval	for	this	odds	ratio	shows	a	low	level	of	precision	because	the	values	range	

from	a	strong	negative	to	a	strong	positive.	

	

	 Prevalence	 Odds	Ratio	
95%	Confidence	Intervals	

(Lower	and	Upper)	
PAS	Rural	Maturus	Group	 15.5%	

0.2	 0.1	 0.4	
GR	Urban	Maturus	Group	 3.3%	

GR	Rural	Maturus	Group	 5.9%	
0.5	 0.1	 2.0	

PAS	Urban	Maturus	Group	 4.35%	
TABLE	6.24	THE	ODDS	RATIO	AND	95%	CONFIDENCE	INTERVALS	COMPARING	THE	PREVALENCE	OF	NEOPLASMS	BETWEEN	THE	

MATURUS	AGE	CATEGORIES	IN	THE	URBAN	AND	RURAL	GROUPS	FROM	THE	ASSEMBLAGES	AT	THE	POLISH	ACADEMY	OF	SCIENCES	
(PAS)	AND	THE	SELECTED	ASSEMBLAGES	FROM	GŁADYKOWSKA-RZECZYSKA	(1991)	(GR).	
	

The	odds	ratios	in	Table	6.24	compare	the	prevalence	for	the	urban	and	rural	Maturus	age	

categories	 from	 PAS	 and	 GR.	 They	 show	 that	 the	 urban	 group	 from	 GR	was	 less	 likely	 to	 have	 a	

neoplasm	than	the	rural	group	from	PAS.	The	95%	confidence	intervals	show	a	high	level	of	precision	

for	this	odds	ratio	because	the	values	include	a	strong	to	moderate	negative.	The	urban	group	from	

PAS	had	less	odds	of	having	a	neoplasm	than	the	rural	group	from	GR.	However,	the	95%	confidence	

interval	 for	 this	 odds	 ratio	 shows	a	 low	 level	 of	 precision	 because	 the	 values	 range	 from	a	 strong	

negative	to	a	moderate	positive.	
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6.6	CONCLUSION	

The	 results	 of	 this	 palaeoepidemiological	 investigation	 indicated,	 in	 the	 medieval	 Polish	

context,	that	neoplastic	prevalence	was	greater	among	the	rural	assemblages	and	there	were	lesser	

odds	of	having	a	neoplasm	for	those	from	urban	centres.	These	results	were	echoed	when	comparing	

sex	and	age	overall,	between	Wrocław	and	Milicz	and	between	the	assemblages	from	PAS	and	GR.	These	

results	contrast	with	modern	neoplastic	epidemiology,	where	there	is	a	greater	risk	of	neoplasia	among	

urban	contexts.	If	one	considers	the	results	of	this	investigation	in	relation	to	the	four	arguments	of	

neoplastic	 rarity,	 previously	 outlined	 in	 Chapter	 4,	 it	 is	 possible	 the	 Age	 at	 Risk	 or	 Early	 Death	

Arguments	can	be	applied.	As	the	largest	age	category	at	PAS	was	Adultus,	 it	could	be	the	medieval	

Poles	did	not	live	into	mature	adult	age,	when	neoplastic	disease	is	a	greater	risk	or	death	occurred	

before	neoplasms	could	become	evident	on	bone.	The	following	chapter	will	provide	further	discussion	

of	 these	 results,	 the	 relation	 to	 the	 four	 arguments	 of	 neoplastic	 rarity	 and	 the	 contrast	 between	

neoplastic	disease	and	medieval	and	modern	urbanization.		
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CHAPTER	7 A	DISCUSSION	ON	NEOPLASTIC	PALAEOEPIDEMIOLOGY	

7.1	INTRODUCTION		

Throughout	the	20th	century	neoplastic	disease	had	minor	mention	in	the	palaeopathological	

literature	and	was	usually	summarized	within	a	short	chapter	or	book	section.	This	was	based	on	the	

contention	 that	neoplastic	disease	was	rare	before	 the	onset	of	modern	 industrialization.	Since	 the	

2000s,	 as	 was	 noted	 in	 Chapter	 4,	 the	 debate	 regarding	 ancient	 and	 historical	 neoplasms	 in	

palaeopathology	 and	 bioarchaeology	 has	 seemingly	 closed.	 Neoplastic	 disease,	 including	 benign	

tumours	 and	 malignant	 cancers,	 is	 not	 solely	 a	 burden	 of	 the	 Modern	 Age.	 However,	 although	

bioarchaeologists	 are	 more	 confident	 that	 neoplastic	 disease	 was	 experienced	 in	 the	 past,	 the	

magnitude	 of	 its	 prevalence	 is	 still	 unknown	 and	 debated.	 This	 chapter	 will	 discuss	 the	

palaeoepidemiology	of	neoplastic	disease,	drawing	on	the	investigation	in	the	previous	chapter.	It	will	

review	the	results	and	methods	of	the	study,	discuss	the	relation	between	neoplastic	disease	in	modern	

and	 medieval	 urban	 living	 and	 then	 review	 and	 critique	 the	 four	 arguments	 of	 bioarchaeological	

tumour	scarcity	in	connection	to	the	study	carried	out	in	the	previous	chapter.	

7.2	INVESTIGATING	NEOPLASM	PREVALENCE	IN	URBAN	AND	RURAL	MEDIEVAL	POLAND	

The	investigation	at	the	Polish	Academy	of	Sciences	(PAS)	included	624	individuals	from	10	

medieval	Polish	skeletal	assemblages,	spanning	the	9-16th	century.	In	total,	70	individuals	had	benign	

or	malignant	neoplasms	and	the	total	crude	prevalence	(P)	was	11.2%	with	a	95%	confidence	interval	

(95%CI)	of	9.0	to	13.9.	The	sex-specific	prevalence	was	almost	equal	between	males	(P=12.8%,	95%CI	

9.5	to	17.1)	and	females	(P=12.0%,	95%CI	8.7	to	16.5),	the	age-specific	prevalence	was	highest	in	the	

Maturus	group	(P=11%,	95%CI	7.2	to	16.6)	and	the	site-specific	prevalence	was	higher	in	the	rural	

assemblages	(P=15.1%,	95%CI	12	to	18.9)	than	in	the	urban	assemblages	(P=3.8%,	95%CI	1.9	to	7.2).	

As	was	reviewed	in	Chapter	2,	a	high	prevalence,	such	as	in	the	rural	assemblages,	might	suggest	high	

incidence	 or	 prolonged	 survival	 with(out)	 a	 cure,	 while	 low	 prevalence,	 such	 as	 in	 the	 urban	

assemblages,	might	suggest	low	incidence,	swift	fatality/recovery	(Centers	for	Disease	Control	2012).	

Odds	ratios	were	calculated	to	compare	prevalence	between	the	rural	and	urban	assemblages	from	

PAS;	the	largest	urban	assemblage	from	PAS	(Wrocław)	and	the	largest	rural	assemblage	from	PAS	
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(Milicz);	 as	 well	 as	 between	 the	 PAS	 assemblages	 and	 the	 three	 selected	 assemblages	 from	

Gładykowska-Rzeczycka	 (1991).	 These	 calculations	 showed	 there	 were	 lesser	 odds	 of	 having	 a	

neoplasm	for	 those	 living	in	urban	centres	 than	in	 rural	areas,	 contrasting	with	modern	neoplastic	

epidemiology.		

The	palaeoepidemiological	investigation	was	structured	around	determining	the	prevalence	

of	neoplastic	disease	in	medieval	Polish	skeletal	assemblages	and	to	assess	the	role	of	medieval	urban	

settings	as	 a	 risk	 factor.	 To	 promote	 and	 form	 standardized	 final	 denominators,	 clear	 osteological	

inclusion	criteria	were	established.	The	inclusion	criteria	governed	which	skeletons	were	entered	into	

the	investigation	and	counted	during	the	palaeoepidemiological	analysis.	There	were	no	restrictions	

regarding	sex	and	only	individuals	under	seven	years	of	age	were	excluded.	Allowances	were	also	made	

for	incomplete	skeletal	remains.	The	investigation	utilized	both	macroscopy	and	radiography	relying	

on	guidelines	from	the	palaeopathological	and	clinical	 literature,	which	were	also	applied	to	create	

diagnostic	 operational	 definitions.	 Radiographs	were	 sent	 to	 a	 specialist	 in	 skeletal	 radiology	 for	

consultation	and	specially	created	recording	forms	were	used	to	facilitate	the	data	collection.		

The	age	and	sex	determination	methods	utilized	in	this	study	are	standard	anthropological	

practice	and	are	often	used	in	modern	bioarchaeological	and	palaeo-oncological	research	(Betsinger	

and	DeWitte	2017;	Curto	et	al.	2018;	di	Ruffano	and	Waldron	2018;	Killgrove	and	Tykot	2018;	Klaus	

2018;	Molto	and	Sheldrick	2018;	Petersone-Gordina	et	al.	2018).	It	 is	acknowledged	that	this	study	

may	 have	 benefitted	 from	 more	 extensive	 radiography	 of	 either	 the	 entire	 assemblage	 under	

investigation	 or	 at	 least	 the	 entirety	 of	 the	 skeleton	 that	 displayed	 a	 suspected	 lesion.	 Further	

radiography	may	have	revealed	neoplasms	within	the	bone	that	had	gone	otherwise	unnoticed	and	

thus	increased	the	total	number	of	tumours.	A	larger	representation	of	rural	assemblages	could	also	

have	 benefitted	 the	 final	 analysis.	 There	 were	 no	 site	 plans	 available	 for	 the	Wrocław	 and	Milicz	

assemblages,	 thus	 it	was	 not	 possible	 to	 judge	any	 relative	 status	 distinctions.	However,	given	 the	

limited	aetiological	and	clinical	knowledge	of	neoplastic	disease	during	the	Middle	Ages,	it	is	unlikely	

that	having	or	dying	from	a	neoplasm	would	have	impacted	the	burial	rites	of	an	individual.	Regardless,	

the	goal	of	the	investigation	was	to	produce	a	viable	study	that	can	act	as	a	methodological	example	for	

future	palaeoepidemiological	studies,	while	also	attempting	to	answer	a	broader	question	regarding	

neoplastic	prevalence	in	the	past	and	medieval	urban	living.		
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There	 are	 various	 methods	 available	 in	 palaeo-oncology	 to	 aid	 in	 the	 identification	 and	

diagnosis	of	neoplastic	lesions.	As	was	alluded	to	in	Chapter	4,	there	has	been	significant	technological	

progress	in	this	area	since	the	mid-1990s.	Diverse	forms	of	imaging,	such	as	computed	topography,	

microCT,	as	well	as	scanning	election	microscopy,	have	been	employed	and	proven	useful	in	diagnosis	

(Tkocz	and	Bierring	1984;	Anderson	et	al.	1992;	Šefčáková	et	al.	2001;	Schultz	et	al.	2007;	Binder	et	al.	

2014).	Histology,	as	well	as	immunohistochemistry	and	ancient	DNA	(aDNA)	have	also	been	used	to	

aid	in	diagnosis	by	some	palaeopathologists,	especially	those	who	specialize	in	mummified	remains.	

However,	while	 these	methods	 usually	 parallel	 the	clinical	methodology	 of	 diagnosis,	 they	are	 not	

always	feasible	in	palaeopathology.	First,	these	specialized	methods	are	dependent	on	the	availability	

of	 funding,	ability	and	access	 to	equipment.	Second,	 some	of	 these	methods,	 such	as	histology	and	

aDNA,	 are	 invasive	 and	 destructive,	 resulting	 in	 the	 destruction	 of	 bioarchaeological	 tumour	

specimens.	These	methods	should	only	be	employed	if	there	are	clear	questions	and	lines	of	enquiry	

that	can	only	be	answered	in	this	manner,	such	as	re-examining	previous	case	reports	and	collections	

to	re-evaluate	previously	misdiagnosed	or	overlooked	neoplasms.	While	these	diverse	imaging	and	

sampling	 tools	 are	 useful,	 macroscopy	 and	 radiography	 remain	 the	 primary	 and	 most	 effective	

methods	available,	but	only	if	used	in	conjunction	with	each	other.		

Macroscopic	analysis	has	remained	the	primary	step	in	palaeopathological	investigations	to	

identify	 tumorous	 lesions.	The	standard	criteria	used	 in	macroscopic	analysis,	 as	were	used	 in	 the	

previous	 chapter,	 include	 determining	 if	 the	 lesion	 borders	 are	clear	 or	 ill-defined,	 if	 the	 lesion	 is	

singular	or	multiple,	its	anatomical	location	on	the	skeleton,	its	shape	and	size	and	if	it	is	internal	or	

external.	However,	macroscopy	is	 limited	in	its	effectiveness	when	looking	for	neoplasms	as	it	only	

allows	for	an	assessment	of	the	bone	surface	and	is	focused	on	detecting	lumps	or	swellings	that	are	

not	due	to	natural	variation,	as	well	as	holes	and	lytic	destruction	that	must	be	differentiated	from	

taphonomic	 processes	 and	 post-mortem	 destruction.	 Miller	 et	 al.	 (1996)	 tested	 for	 macroscopic	

diagnostic	accuracy	in	dry	bone	using	data	obtained	from	workshop	participants	at	annual	meetings	

of	the	Palaeopathology	Association.	Participants	included	anthropologists,	archaeologists	and	medical	

professionals	 with	 varying	 experience	 in	 palaeopathology	 and	were	 asked	 to	 identify	 the	 general	

disease	 category,	 as	 well	 as	 a	 specific	 diagnosis.	 Of	 the	 participants,	 43%	 correctly	 identified	 the	

disease	category	and	28%	correctly	diagnosed	the	specific	pathological	condition	(Miller	et	al.	1996).	
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Their	results	indicated	a	higher	level	of	participant	accuracy	for	general	disease	categories,	rather	than	

specific	diseases.	The	researchers	noted	the	most	often	correctly	identified	neoplastic	lesions	in	dry	

bone	were	those	that	consisted	of	multiple	palaeopathological	reports	and	descriptions.	To	test	for	this,	

participants	were	presented	with	a	case	of	meningioma	with	a	calvarial	hyperostosis	and	a	case	of	

osteoid	osteoma.	The	meningioma	was	correctly	diagnosed	80%	of	the	time,	while	the	osteoid	osteoma	

was	correctly	 diagnosed	 only	 9%	of	 the	 time	 (Miller	 et	 al.	 1996).	 Recently,	Marques	 et	 al.	 (2018)	

showed	that	a	solely	macroscopic	diagnosis	of	the	skeletal	material	was	not	always	certain.	However,	

despite	 these	 difficulties,	 macroscopy	 is	 useful	 in	 at	 least	 determining	 if	 the	 lesion	 is	 benign	 or	

malignant,	indicated	by	its	shape	and	borders.		

A	 radiographic	 analysis	 is	 necessary	 to	 complement	 and	 verify	macroscopic	 examination,	

allowing	 for	a	more	detailed	 investigation.	This	 is	due	 to	 the	 internal	origin	of	 tumours,	especially	

primary	 and	 secondary	 cancers.	 Without	 a	 radiograph,	 osteoblastic	 lesions	 could	 be	 overlooked	

because	most	form	and	are	isolated	within	the	trabecular	bone,	while	internal	osteolytic	lesions	would	

also	 be	 overlooked.	 This	 was	 emphasized	 when	 Rothschild	 and	 Rothschild	 (1995)	 demonstrated	

radiography	had	a	tumour	detection	rate	three	times	that	of	macroscopy.	The	standard	criteria	used	in	

radiographic	analysis,	as	was	used	in	the	previous	chapter,	include	identifying	lesion	margin	patterns,	

its	matrix	composition	and	its	periosteal	reaction.	Moreover,	like	macroscopy,	radiography	cannot	be	

the	sole	method	of	diagnostic	analysis	in	palaeopathology.	While	an	established	age	and	sex	estimation	

will	help	narrow	a	differential	diagnosis,	on	its	own	a	radiograph	is	a	two-dimensional	image	that	lacks	

gross,	morphological	context	normally	observed	macroscopically,	such	as	texture	and	porosity.	The	

radiograph	is	not	an	image	of	the	tumour	itself	but	 is	 instead	an	image	of	bone	destruction	and	its	

reaction	to	the	tumour	(Chhem	et	al.	2008).	

Macroscopy	and	radiography	should	be	used	in	tandem	to	be	an	effective	strategy	of	palaeo-

oncological	investigation.	For	example,	during	the	palaeoepidemiological	investigation	in	the	previous	

chapter,	there	were	cases	where	tumours	were	identified	only	when	both	methods	were	applied.	One	

example	is	the	femur	from	the	Milicz	assemblage,	M81.	Macroscopically	the	bone	had	a	slight	swelling	

at	 the	 proximal	 end	 that	would	 have	 been	 overlooked	 or	 attributed	 to	 variation,	 had	 it	 not	 been	

compared	 to	 the	 contralateral	 femur.	 Moreover,	 radiographs	 were	 only	 obtained	 for	 bones	 that	

displayed	noticeable	swellings	that	were	suspected	to	be	of	neoplastic	origin.	This	tumour	would	have	
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been	 overlooked	 if	 only	 one	 of	 these	 two	 methods	 were	 applied	 during	 the	 investigation.	 The	

macroscopic	and	radiographic	methods	utilized	to	identify	neoplasms	in	palaeopathology	are	effective	

if	 used	 in	conjunction	with	each	 other,	 but	 they	 do	 rely	 on	previously	 established	guidelines	 from	

palaeopathological	 and	 clinical	 texts	 and	 case	 reports.	 While	 clinical	 information	 is	 useful,	 its	

applicability	is	limited	because	these	sources	place	more	reliance	on	data	gained	from	histology	and	

biopsy,	as	well	as	information	that	is	unavailable	in	bioarchaeological	contexts,	such	as	interviewing	

the	patient	regarding	associated	symptoms,	family	history	and	lifestyle	habits.	

7.2.1	NEOPLASTIC	DISEASE	IN	MODERN	URBAN	AND	RURAL	SETTINGS	

Urbanization	is	the	process	where	small	settlements	and	rural	areas	undergo	a	transformation	

into	urban	city	centres.	This	process	results	from	a	multitude	of	political	and	economic	factors	and	is	

fuelled	 by	 a	 continuous	 flow	 of	 migration	 and	 a	 resulting	 increase	 in	 population.	 The	 increased	

migration	of	rural	people	into	a	burgeoning	urban	centre	is	primarily	 influenced	by	high	economic	

prospects,	 employment	 and	 access	 to	 greater	 administrative	 and	 social	 services	 than	 in	 rural	

communities.	Urbanization	causes	a	change	 in	 the	demographic	 landscape	of	an	area	from	a	small,	

sparsely	populated	agriculture	pattern	to	a	large,	densely	populated	city	(Betsinger	2007;	Leon	2008).	

However,	urbanization	and	subsequent	living	in	urban	settings	can	have	negative	consequences	on	

public	health	as	sedentary	and	dense	populations	result	in	poor	sanitation	and	accumulation	of	waste	

and	pollution,	 all	 of	which	may	 lead	 to	 higher	 rates	 of	 infection.	 In	 the	 pre-modern	 and	medieval	

periods,	the	levels	of	sanitation	would	have	been	much	lower	than	today.	Many	medieval	European	

towns	and	cities	were	characterized	as	unhealthy	places,	overrun	with	epidemics	and	high	mortality	

rates,	all	of	which	was	less	so	in	comparison	to	medieval	rural	settings	(Woods	2003;	Leon	2008).		

Aside	 from	 increased	 rates	 of	 infection,	 urbanization	 and	 living	 in	 urban	 settings	 are	 also	

connected	to	increased	rates	of	non-communicable	diseases	(NCDs),	such	as	neoplastic,	cardiovascular	

and	respiratory	diseases.	In	2005,	8.5	million	people	under	60	years	of	age	died	from	NCDs	and	the	

majority	 of	NCD-related	 deaths	 occurred	 in	 low-	and	middle-income	 countries	 (Unwin	 and	Alberti	

2006;	Leon	2008).	In	these	societies	the	population	is	generally	younger	than	in	high-income	countries	

and	urbanization	occurs	in	areas	with	poorly	developed	economies	that	lack	the	infrastructure	needed	

to	 support	 large	 population	 growth.	 As	 these	 communities	 grow,	 support	 systems	 and	 economic	
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opportunities	lag	behind,	resulting	in	a	large	group	of	unemployed	people	living	in	inadequate	housing	

(Unwin	and	Alberti	2006;	Betsinger	2007).	The	major	contributory	elements	 to	 this	 increase	are	a	

decline	in	physical	activity	due	to	increased	reliance	on	mechanical	and	automated	intervention;	diet	

composition	with	an	increase	in	animal	fats	and	refined	sugars;	and	heightened	drug	use,	including	

alcohol	and	tobacco.		

In	 modern	 contexts,	 neoplasms	 are	 more	 frequent	 in	 urban	 populations	 than	 in	 rural	

populations.	Mortality	rates	differ	for	various	types	of	neoplastic	disease,	which	rise	with	increasing	

degrees	of	urbanization	over	time	(Friis	and	Storm	1993).	As	was	reviewed	in	Chapter	2,	in	modern	

epidemiology	there	is	a	socioeconomic	health	gradient	where	at	each	level	of	the	population	social	

structure,	individuals	experience	higher	or	better-quality	health	compared	to	those	immediately	below	

them	 and	 the	 same	 is	 observable	 in	 regard	 to	 neoplastic	 disease	 (Kroenke	 and	 Kawachi	 2017).	

However,	not	all	NCDs	increase	with	urban	living.	As	modern	investigations	showed,	stomach,	cervical	

and	oral	cancer	rates	decrease,	but	lung,	breast,	colon	and	pancreatic	cancer	rates	increase	(Powles	

1992).	Previous	empirical	studies	showed	urban	areas	to	have	higher	cancer	mortality	and	incidence	

rates	than	rural	areas,	with	respiratory,	digestive,	urinary	and	reproductive	cancers	being	the	most	

common	(Monroe	 et	al.	1992;	Riaz	 et	al.	2011;	Domínguez-Berjón	 et	al.	2015;	Parise	and	Caggiano	

2017).	In	Poland,	from	1959–1969	urban	residents	had	60-65%	higher	cancer	mortality	rates	than	

their	rural	counterparts	(Greenberg,	1983).	During	the	20th	century	in	Poland	there	was	a	transition	

from	 a	 largely	 agricultural	 population	 to	 an	 industrial	 one,	 but	 this	was	 not	 the	 first	 time	 in	 the	

country’s	 history	 that	 such	 a	 transition	 had	 occurred.	 In	 the	Middle	Ages,	 Poland’s	 transition	 to	 a	

European	state	also	led	to	an	increase	in	urbanization	and	urban	living.	

7.2.2	URBAN	LIVING	IN	MEDIEVAL	POLAND	

Medieval	 Polish	 urbanization	was	 predominantly	 the	 result	 of	 a	 change	 in	 economics	 and	

socio-political	structures,	where	tribal	centres	underwent	an	accelerated	development	in	the	late	10th	

century,	following	Poland’s	conversion	to	Christianity	in	966	CE.	Hensel	(1969)	identified	two	main	

types	of	towns	in	medieval	Poland:	 incipient	towns	and	towns	endowed	with	local	rights.	 Incipient	

towns	were	characterized	as	transitional	between	rural	and	urban	centres,	where	some	inhabitants	

were	 employed	 in	 occupations	 other	 than	 agriculture,	 such	 as	 merchants	 and	 craftsmen,	 but	 the	
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majority	of	the	population	was	still	tied	to	the	land	(Table	7.1).	An	incipient	town	would	be	comprised	

of	settlements	grouped	around	or	inside	the	Prince’s	castle	and	be	subject	to	the	justice	exercised	in	

his	 court.	 Polish	examples	 of	 incipient	 towns	 include	Gniezno,	 Poznań,	Opole,	Wrocław	and	Wolin	

(Urbańczyk	2010).	Towns	endowed	with	 local	 rights	 resulted	 from	pressures	 to	meet	 the	needs	of	

larger	social	and	political	units.	Some	were	incipient	towns	that	were	well	established	and	had	grown,	

such	as	Kraków,	while	others	were	newly	established	(Hensel	1969).	

	

	 Urban	Economy	 Rural	Economy	–	Agriculture	 Rural	Economy	–	Other	
1400	CE	 4%	 77%	 19%	
1500	CE	 6%	 75%	 19%	
1600	CE	 8%	 67%	 25%	

TABLE	7.1	AN	ECONOMIC	BREAKDOWN	OF	THE	POLISH	POPULATION	DURING	THE	MIDDLE	AGES	(KUKLO	ET	AL.	2014).	

	

Under	the	centralized	power	of	the	crown,	the	Piast	dynasty	introduced	a	new	social	system,	

including	the	establishment	of	castle-towns	or	gróds,	such	as	Wrocław	and	Poznań,	where	lords,	acting	

as	representatives	of	the	Prince,	resided	along	with	their	families	and	a	military	garrison.	Some	pre-

existing	tribal	settlements	were	destroyed	and	replaced	by	Mieszko	I	and	his	heirs,	the	Piast	dynasty.	

These	older	settlements	were	destroyed	because	they	either	strongly	represented	the	previous	tribal	

rule	before	Mieszko’s	consolidation	or	their	pagan	beliefs	did	not	attune	to	the	newly	adopted	Christian	

state	 religion.	 For	 example,	 the	 city	 of	 Sandomierz	 was	 listed	 by	 the	 medieval	 chronicler	 Gallus	

Anonymous	 (2003),	 in	 his	Gesta	 principum	 Polonorum,	as	 one	 of	 the	 principal	 cities	 of	 the	 Polish	

Kingdom	 when	 it	 was	 to	 be	 divided	 amongst	 the	 ruler’s	 two	 sons.	 Archaeologists	 assumed	 that	

Sandomierz’s	urbanization	followed	the	traditional	pattern	of	other	prominent	Polish	cities,	such	as	

Kraków	and	Wrocław,	where	it	was	originally	a	tribal	settlement	that	developed	into	an	urban	centre	

due	to	increased	migration	and	the	influence	of	the	new	Polish	monarchy.	However,	archaeological	

excavations	 in	 the	 1980s	 did	 not	 find	 any	 artefacts	 that	 predated	 the	 10th	 century.	 Conversely,	

excavations	12	km	outside	of	the	modern	city	limits	uncovered	fortifications	that	were	in	use	from	the	

6–9th	century	and	further	investigation	revealed	that	these	fortifications	were	destroyed	in	the	10th	

century,	most	likely	by	fire	(Buko	1994).		

The	gróds	quickly	became	nascent	urban	centres,	which	led	to	an	increase	in	the	demand	for	

goods	and	services	 resulting	 in	increased	economic	opportunities.	Craft	 specialists	 such	as	potters,	
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smiths,	glass	workers,	stonecutters	and	tanners	soon	migrated	to	take	advantage	of	these	employment	

prospects.	As	more	people	migrated	the	demand	for	consumer	products	and	services	increased,	which	

in	turn	attracted	more	migrants.	With	this	unending	cycle	urban	populations	steadily	increased	and	

created	crowded	living	conditions.	Among	these	populations	the	largest	were	Gniezno,	Poznań	and	

Wrocław	with	between	3,000-5,000	inhabitants	(Hensel	1969;	Betsinger	2007).	On	a	national	scale,	

the	Polish	population	was	estimated	 to	be	approximately	1	million	at	 the	start	of	 the	11th	 century,	

which	then	grew	to	2	million	by	1350	and	then	3.5	million	at	the	beginning	of	the	16th	century	(Kuklo	

et	al.	2014).	Trade	routes	intersected	Poland	near	these	emerging	cities	and	internal	and	external	trade	

began	to	quickly	develop	(Figure	7.1)	(Manteuffel	1982).		

	

	
FIGURE	7.1	TRADE	ROUTES	IN	POLAND	BETWEEN	THE	10–14TH	CENTURY	(KUKLO	ET	AL.	2014:	429).	
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	 Following	the	country’s	conversion	to	Christianity,	a	greater	number	of	foreign	priests	and	

monks	 immigrated	 to	Poland	and	brought	with	 them	new	skills,	new	 farming	 implements,	 such	as	

ploughs,	new	cultivation	methods	and	stone	churches	began	to	be	built	in	the	Western	style	with	skills	

imported	from	Western	Europe	(Manteuffel	1982;	Prażmowska	2004).	Foreign	knights	passed	their	

customs	to	the	Polish	aristocracy	and	their	arrival,	along	with	the	foreign	clergy,	generated	advanced	

education	and	literacy	leading	to	the	establishment	of	schools	for	young	priests	during	the	12th	century	

(Manteuffel	1982).	By	the	reign	of	King	Bołesław	III	Krzywousty	(1102–1138)	an	urban	hierarchy	had	

appeared	and	more	prominent	cities,	such	as	Kraków	and	Wrocław,	transitioned	to	provincial	centres,	

centralizing	power	 in	Polish	regions.	Members	of	 the	nobility	were	appointed	as	 local	officials	and	

carried	out	military,	judicial,	fiscal	and	administrative	functions.	Some	urban	centres	such	as	Kraków	

and	Wrocław	were	also	appointed	as	bishoprics	where	the	bishop’s	power	was	comparable	 to	 the	

lord’s,	 as	 the	 Catholic	 Church	 formed	 an	 integral	 part	 of	 Poland’s	 political	 structure	 (Carter	 2006;	

Betsinger	2007).	By	the	13th	and	14th	centuries,	Poland	was	in	a	period	of	economic	prosperity	with	an	

increased	urban	network,	developed	monumental	architecture	and	colonized	forested	areas	(Carter	

2006).		

7.2.3	NEOPLASTIC	DISEASE	IN	URBAN	AND	RURAL	MEDIEVAL	POLAND	

In	 the	palaeoepidemiological	 investigation	carried	out	 in	Chapter	6,	a	higher	prevalence	of	

neoplasms	was	observed	in	the	rural	assemblages	than	in	the	urban	assemblages.	This	result	is	not	

surprising	as	there	was	a	general	higher	mortality	 in	medieval	cities	than	in	rural	areas	and	in	the	

Middle	Ages	Polish	urban	populations	were	proportionally	smaller	than	in	rural	areas	(Hoffman	2014).	

For	instance,	in	the	14th	century	the	fraction	of	urban	individuals	from	the	entire	Polish	population	was	

0.7%	and	then	2.9%	in	the	15th	century;	there	are	no	exact	data	for	earlier	periods	(Kuklo	et	al.	2014).	

In	comparative	terms,	a	lower	prevalence	would	be	expected	in	a	smaller	proportion	of	people	from	

the	total	population.	Moreover,	the	odds	ratios	indicated	individuals	from	the	urban	group	did	not	have	

higher	odds	of	developing	or	having	a	neoplasm	than	their	rural	counterparts,	regardless	of	sex	or	age.	

This	is	dissimilar	to	modern	Polish	epidemiology	where	neoplastic	disease	is	more	frequent	in	urban	

areas	(Maniecka-Bryla	et	al.	2012;	Krzyżak	et	al.	2013).	This	is	possibly	due	to	the	lack	of	contributory	

factors	associated	with	modern	urbanization:	decline	in	physical	activity,	a	large	proportional	diet	of	

animal	fat	and	refined	sugars	and	heightened	drug/alcohol/tobacco	use.	
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While	there	is	evidence	in	bioarchaeology	that	urbanization	has	negatively	impacted	diseases	

processes	 in	 the	past	 (Budnik	and	Liczbińska	2005;	Roberts	2009;	Kowaleski	2014;	Perrone	2014;	

Gamble	 2015;	 Redfern	 et	 al.	 2015;	 Krenz-Niedbała	 and	 Łukasik	 2016),	 from	 the	 results	 of	 this	

investigation	it	seems	that	neoplastic	disease	was	not	a	risk	factor	for	urban	individuals	during	the	

Middle	 Ages.	 When	 viewed	 chronologically,	 there	 does	 not	 seem	 to	 be	 a	 change	 in	 neoplastic	

prevalence	in	either	the	urban	or	rural	assemblages	from	the	Polish	Academy	of	Sciences,	but	this	is	

likely	to	the	relatively	small	sample	size	(n=624)	and	the	seven-century	time	span.	

7.3	RECONSIDERING	THE	ARGUMENTS	FOR	TUMOUR	RARITY	IN	BIOARCHAEOLOGY	

As	early	as	the	1920s	the	scarcity	of	physical	evidence	for	tumours	was	taken	as	evidence	of	

rarity	or	non-existence	in	the	ancient	and	historical	past.	This	maxim	of	‘evidence	of	rarity	via	lack	of	

evidence’	was	echoed	by	palaeopathologists	throughout	the	20th	and	into	the	21st	centuries.	Although	

this	precept	was	slowly	being	questioned	by	researchers,	including	Strouhal	(1994;	1998;	2000)	and	

Brothwell	(1967;	2008;	2012),	neoplastic	disease	was	not	often	at	the	forefront	of	palaeopathological	

inquiry	and	progress	heavily	relied	on	chance	findings	of	tumours	in	bioarchaeological	assemblages.	

A	likely	factor	that	played	into	the	concept	of	ancient	neoplastic	rarity	was	a	lack	of	clinical	

understanding.	 As	 was	 reviewed	 in	 Chapter	 3,	 clinical	 knowledge	 of	 neoplastic	 processes	 took	

millennia	 to	 develop,	 finally	 coming	 to	 a	 head	 in	 the	 20th	 century.	 Today,	 knowledge	 of	 neoplastic	

aetiology,	including	ideas	about	carcinogenicity,	genetics	and	risk,	is	more	accessible	and	familiar	to	

non-specialists	 than	 in	 the	 past.	 Although	 some	 early	 palaeopathologists	 came	 from	 a	 medical	

background	and	were	aware	of	neoplasms,	they	were	not	entirely	clear	on	how	these	lesions	arose	on	

a	biological	level;	their	understanding	of	ancient	tumours	was	limited	by	their	contemporary	clinical	

expertise	(Buikstra	and	Roberts	2012).	For	instance,	Janssens	(1970:	67)	stated	in	the	beginning	of	his	

discussion,	“[bioarchaeological	tumours]…are	difficult	to	incorporate	in	a	system	as	their	aetiology	is	

still	unknown.	We	shall	discuss	 them	here	as	 they	can	be	regarded	as	a	 reactionary	process	and	a	

metabolic	disturbance,	or	parasitosis.”	As	oncological	knowledge	progressed	into	the	new	millennium,	

palaeopathologists	 slowly	 followed	 suit	 and	 adjusted	 their	 view.	 However,	 despite	 the	 slow	

progression	 of	 clinical	 understanding	 among	 palaeopathologists,	 the	 aforementioned	 precept	 of	

neoplastic	rarity	led	to	the	development	of	a	circular	argument	that	further	stalled	research	advances	

(Figure	7.2).	If	few	neoplasms	were	detected	in	bioarchaeological	assemblages,	then	neoplastic	disease	
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must	have	been	rare	in	the	past,	meaning	that	tumours	are	the	result	of	modern	environments	and	

lifestyles,	as	evidenced	by	the	lack	of	tumours	in	bioarchaeological	contexts.		

	

	

FIGURE	7.2	THE	CIRCULAR	ARGUMENT	REASONING	NEOPLASTIC	RARITY	IN	BIOARCHAEOLOGY.	ILLUSTRATION	BY	T.	SIEK,	2018.	
	

Consequently,	 emphasis	 in	 palaeopathology	 was	 placed	 on	 observing	 and	 describing	

neoplasms	in	bioarchaeological	assemblages	in	the	form	of	case	reports	without	further	analysis.	This	

circular	argument	was	bolstered	by	the	arguments	given	to	justify	the	scarcity	of	ancient	tumours	and	

the	notion	that	a	lack	of	evidence	leads	to	a	lack	of	data	suitable	to	formulate	and	test	hypotheses.	This,	

in	itself,	is	flawed	as	bioarchaeology	and	by	extension	all	other	subfields	of	archaeology,	is	comprised	

of	incomplete	and	‘messy’	data	(Hauser	2012).	All	archaeological	evidence	is	contingent	on	numerous	

factors,	 including	 preservation,	 funding,	 excavation	 and	 recognition.	 As	 such,	 in	 order	 for	

bioarchaeological	 research	 to	 progress,	 researchers	 must	 extrapolate	 from	 what	 is	 available	 and	

“[embrace]	the	messiness	of	archaeological	data	and	the	conclusions	we	can	reach	from	it”	(Hauser	

2012:	184).		
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In	 the	past	 two	decades	more	attention	and	 thought	has	been	given	 to	neoplastic	disease,	

particularly	toward	how	to	identify	neoplasms	or,	in	some	cases,	why	it	is	difficult	to	do	so	(Halperin	

2004;	Capasso	2005;	Brothwell	2008;	2012;	Marques	et	al.	2013;	Kirkpatrick	et	al.	2018;	Marques	et	

al.	2018;	Miccichè	et	al.	2018;	Nerlich	2018;	Ragsdale	et	al.	2018).	As	was	noted	in	Chapter	4,	 four	

recurring	arguments	were	frequently	given	in	the	bioarchaeological	literature	and	were	referred	to	by	

the	author	as:	The	Early	Death	Argument,	The	Omission	and	Preservation	Argument,	The	Age	at	Risk	

Argument	and	The	Ancient	Environment	Argument.	These	arguments	frequently	come	into	discussion	

when	reasoning	for	the	scarcity	of	ancient	tumours	and	will	be	discussed	herewith,	along	with	their	

relation	to	the	palaeoepidemiological	investigation	in	Chapter	6.	

7.3.1	THE	EARLY	DEATH	AND	AGE	AT	RISK	ARGUMENTS	

The	Early	Death	Argument	proposes	that	while	past	people	did	develop	neoplasms,	the	disease	

proved	fatal	before	macroscopic	skeletal	lesions	could	form	(Ricci	et	al.	1995;	Webb	1995;	Aufderheide	

and	Rodríguez-Martín	1998;	Roberts	and	Manchester	2005).	Of	the	four	arguments,	this	seems	the	

most	supportable,	at	least	in	regard	to	malignancies	because	without	medical	intervention	and	proper	

treatment	the	risk	of	death	exponentially	increases.	It	is	crucial	for	bioarchaeologists	to	understand	

malignancies	are	unpredictable	in	their	progression.	In	the	clinical	literature,	there	is	no	mention	of	a	

general	timeline	for	metastasis	as	it	is	highly	variable	and	dependent	on	the	type	of	cancer,	the	patient’s	

biological	and	immunological	response	and	the	aggressiveness	of	the	malignancy.	Although	there	are	

no	established	modern	frequency	rates	for	skeletal	metastases,	it	is	estimated	in	2008	approximately	

280,000	adults	in	the	United	States	were	living	with	metastatic	bone	disease	(Li	et	al.	2012).	This	lack	

of	predictably	makes	 it	difficult	 to	establish,	 in	bioarchaeological	 contexts,	 the	extent	of	neoplastic	

development	or	the	speed	at	which	it	spread.	Moreover,	modern	metastatic	diagnosis	 is	based	on	a	

combination	of	factors,	including	imaging	data,	biochemical	analysis	and	known	associated	symptoms,	

such	as	pain,	hypercalcaemia,	 impaired	mobility	and	pathological	 fracture	(Coleman	2001;	Selvaggi	

and	Scagliotti	2005).	As	was	reviewed	in	Chapter	3,	 there	were	no	standard	diagnostic	methods	for	

cancers	until	the	20th	century	and	while	treatment	was	attempted	throughout	history,	its	effectiveness	

was	likely	limited.	Surgery	was	the	only	viable	form	of	treatment	for	the	majority	of	medical	history,	

but	it	was	most	effective	on	superficial	tumours	and	was	probably	only	attempted	once	the	tumour	had	

reached	 an	 advanced,	 noticeable	 stage.	 As	 a	 result,	 deep-seated	 cancers	 would	 probably	 have	
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progressed	unchecked	before	they	became	noticeable	and	if	surgery	was	attempted	at	this	time,	the	

cancer	had	probably	metastasized	 throughout	 the	body.	 It	 is	unknown	how	effective	other	ancient	

topical	and	medicinal	remedies	were,	such	as	those	described	in	Chapter	3,	but	it	is	doubtful	they	made	

a	significant	impact	in	acting	as	a	cure.	Again,	this	is	due	to	the	limits	of	oncological	knowledge	of	the	

time.	From	antiquity	and	following	into	the	Middle	Ages,	the	main	concern	of	physicians	regarding	

cancer	patients	was	to	stop	the	black	bile	from	pooling	and	becoming	stagnant	and	then	in	the	pre-

Modern	Era	 to	 isolate	patients	 lest	 their	 cancerous	contagion	be	spread	 to	others.	 If	 it	was	not	 the	

cancer	that	killed	the	patient,	there	was	also	a	risk	from	secondary	infections.		

The	Early	Death	Argument	seems	the	most	supportable	because	it	does	not	rely	on	the	circular	

argument	of	neoplastic	rarity	(Figure	7.2,	page	233).	On	the	contrary,	it	acts	on	the	idea	that	cancers	

did	exist	in	the	past,	as	they	do	today	and	does	not	contextualize	these	disease	processes	as	‘modern’.	

This	 argument	 seems	 applicable	 to	 the	 results	 of	 the	 investigation	 in	 Chapter	 6,	 as	 only	 three	

malignancies	were	observed	from	the	skeletal	assemblages.	However,	this	argument	does	not	account	

for	the	large	number	of	benign	tumours	that	were	also	observed	nor	the	bioarchaeological	evidence	

for	benign	tumours,	reviewed	in	Chapters	4	and	5.	 In	clinical	terms,	of	the	array	of	skeletal	tumour	

types,	the	majority	are	benign	and	they	may	occur	anywhere	in	the	body		but	due	to	their	asymptomatic	

nature,	difficult	detection	and	exclusion	from	autopsy	reports,	there	is	little	consensus	about	modern	

frequency	and	none	in	palaeopathology	(Putschar	1966;	Kindblom	2009;	Eyesan	et	al.	2011;	Hakim	et	

al.	2015).	Moreover,	benign	tumours	are	characterized	by	their	slow	development	over	long	periods	

of	time.	It	is	possible	that	if	an	individual	had	died	from	other	causes,	the	tumour	might	not	have	yet	

reached	a	macroscopically	visible	size.	Since	benign	tumours	can	occur	anywhere	in	the	skeleton,	arise	

at	early	ages	and	slowly	develop	throughout	an	individual’s	lifespan,	the	Early	Death	Argument	is	not	

entirely	valid	when	considering	neoplastic	disease	in	a	palaeoepidemiological	context.	

Usually	linked	to	the	Early	Death	Argument,	the	Age	at	Risk	Argument	surmises	past	people	

did	not	live	long	enough	to	reach	advanced	age	at	which	the	risk	of	neoplastic	development	rises	(i.e.	

over	60	years	of	age)	(Wells	1964;	Brothwell	1967;	Zimmerman	and	Kelley	1982;	Strouhal	1994;	Webb	

1995;	 Aufderheide	 and	 Rodríguez-Martín	 1998;	 Roberts	 and	 Manchester	 2005).	 The	 Age	 at	 Risk	

Argument	is	often	presented	in	one-dimensional	terms	due	to	confusing	longevity	and	life	expectancy.	

The	former	refers	to	the	maximum	age	a	person	may	live,	while	the	latter	refers	to	the	average	age-at-
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death	of	an	individual	or	a	population;	life	expectancy	measures	the	range	of	variation	and	longevity	is	

the	extreme	upper	limit	of	that	range	(Chamberlain	2006).	Historical	sources	from	the	Middle	Ages	

show	physical	competence	was	recognized	to	become	limited	at	after	60	years	of	age	and	that	was	the	

age	 at	 which	 exemptions	were	made	 from	military	 service	 and	 other	 occupations	 (Shahar	 1993).	

Moreover,	modern	ethnographic	studies	of	hunter-gatherer	societies	report	people	reaching	ages	over	

70	years	(Gurven	and	Kaplan	2007).	Early	palaeodemographic	research,	such	as	that	of	Angel	(1947)	

and	Russell	(1958),	used	osteological	material	 from	cemeteries	to	construct	mortality	tables,	which	

indicated	low	numbers	of	individuals	in	older	age	groups,	especially	those	over	50	years	of	age.	For	

instance,	life	expectancy	at	birth	in	the	Roman	Empire	was	generally	between	20-30	years	(Gowland	

2007).	This	gives	the	impression	that	in	the	past,	people	rarely	reached	mature	ages	where	neoplasms	

could	 develop.	 However,	modern	 palaeodemographers	 consider	mortality	 profiles	 based	 solely	 on	

osteological	evidence	to	be	flawed	due	to	methodological	problems,	taphonomic	factors	and	statistical	

biases.	Adult	age-at-death	estimation	is	focused	on	skeletal	signs	of	degeneration	and/or	dental	wear,	

but	this	can	be	influenced	by	multiple	factors	including	activity,	diet,	disease	and	genetics,	at	either	the	

individual	or	population	level	(Cave	and	Oxenham	2016).	In	modern	populations,	after	20	years	of	age,	

bone	mass	reduces	by	approximately	1%	per	year,	resulting	in	the	bones	of	older	adults	becoming	less	

mineralized	 and	 more	 susceptible	 to	 taphonomic	 factors	 in	 bioarchaeological	 contexts	 affecting	

mortality	 distributions	 (Gowland	2007).	 This	 is	 compounded	by	 high	 child	mortality	 reducing	 the	

average	age-at-death	of	 skeletal	assemblages	 (Cave	and	Oxenham	2016).	Moreover,	bones	 that	are	

used	for	age	estimation,	such	as	the	ossa	coxae,	have	a	high	proportion	of	trabecular	bone	compared	to	

that	of	the	cranium	or	long	bones	and	are	thus	more	prone	to	physical	damage	resulting	in	skeletal	

indicators	 being	 less	 likely	 to	 survive	 in	 skeletons	 of	 the	 elderly,	 rendering	 them	 ‘invisible’	 in	 a	

demographic	profile	(Gowland	2007;	Cave	and	Oxenham	2016).	Gowland	(2007)	demonstrated	this	by	

tabulating	 the	 number	 of	 preserved	 pelvic	 age	 indicators	 from	 three	 Romano-British	 cemetery	

assemblages	and	 found	 the	proportions	 to	be	 less	 than	50%,	particularly	 for	 the	pubic	 symphysis.	

There	 are	also	 statistical	 biases	associated	with	 age-estimation	 techniques	as	age	 distributions	 for	

archaeological	 assemblages	are	 dependent	 on	 age	 structure	 of	 known	 age	 reference	samples	 from	

which	a	particular	technique	was	devised,	leading	to	possible	under-ageing	(Gowland	2007).		
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Correlating	a	lack	of	bioarchaeological	evidence	for	tumours	with	a	perceived	low	number	of	

elderly	 individuals	 is	 an	 oversimplification	 of	 palaeodemographic	 issues	 and	 theories.	 In	 the	 past,	

people	did	live	into	old	age	but	 in	smaller	proportions	 than	today.	In	regard	to	a	bioarchaeological	

assemblage,	a	researcher	is	studying	a	proportion	of	proportions,	governed	by	four	extraneous	factors:	

1)	the	number	of	 individuals	buried	at	the	site;	2)	the	number	of	 individuals	affected	or	lost	due	to	

taphonomic	factors;	3)	the	number	of	skeletons	uncovered;	and	4)	the	number	of	skeletons	excavated	

(Waldron	2007).	Over	time,	with	each	factor’s	influence,	the	total	starting	number	of	the	assemblage	is	

reduced.	 If	 the	 mature	 adults,	 which	were	 at	 risk	 or	 succumbed	 to	 a	 neoplastic	 disease,	 already	

constituted	a	smaller	proportion	of	the	population	at	their	time	of	death,	then	it	stands	to	reason	their	

numbers	will	be	even	smaller	when	presented	in	a	bioarchaeological	context.	This	was	observed	in	

Chapter	6	where	the	combined	demographic	profile	of	the	assemblages	under	investigation	had	the	

highest	number	of	individuals	in	the	Adultus	age	group,	which	then	dropped	in	the	Maturus	age	group.	

Yet	 even	 with	 the	 smaller	 number	 of	 mature	 adults,	 the	 investigation	 resulted	 in	 98	 observed	

neoplastic	cases	in	70	individuals.	The	majority	of	these	tumours	were	benign	and	in	the	Adultus	age	

group.	 Benign	 tumours	 begin	 developing	at	 adolescence	 and	early	adulthood	 (Eyesan	 et	 al.	 2011),	

further	contradicting	the	Age	at	Risk	Argument.	Moreover,	the	systematic	review	undertaken	by	Hunt	

et	al.	(2018)	showed	that	bioarchaeological	tumours	were	highest	in	individuals	aged	younger	than	49	

years.	The	correlation	between	age	and	neoplastic	onset	in	the	ancient	and	historical	past	needs	further	

research	before	firmer	conclusions	can	be	made	regarding	the	acceptance	of	the	Age	at	Risk	Argument.		

7.3.2	THE	OMISSION	AND	PRESERVATION	ARGUMENT	

The	Omission	and	Preservation	Argument	posits	the	scarcity	of	neoplasms	is	partially	due	to	

the	inadequacies	of	past	palaeopathological	and	anthropological	research	and	a	lack	of	knowledge	and	

resources	to	recognize	tumours	in	archaeological	bone.	Further	to	this,	the	lack	of	evidence	might	be	

due	 to	 the	 propensity	 of	 soft-tissue	 tumours	 to	 decay	 over	 time,	as	well	 as	 the	 resulting	 frailty	 of	

metastatic	 osteological	 lesions	 and	 other	 problems	 associated	with	 bioarchaeological	 preservation	

(Brothwell	 1967;	 Strouhal	 1976;	 Zimmerman	 and	 Kelley	 1982;	 Strouhal	 1994;	 Ricci	 et	 al.	 1995;	

Aufderheide	 and	 Rodríguez-Martín	 1998;	Waldron	 2001;	 Capasso	 2005;	 Roberts	 and	 Manchester	

2005).	These	 two	arguments	are	direct	and	reliant	products	of	 the	circular	argument	of	neoplastic	

rarity	(Figure	7.2,	page	233).		
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In	 regard	 to	 the	 omission	 component,	 the	 concept	 of	 ancient	 tumour	 rarity	 stems	 from	

researchers	simply	not	expecting	or	not	trying	to	detect	neoplasms	in	bioarchaeological	assemblages.	

If	a	neoplasm	is	found,	it	is	often	treated	as	a	rare	find	worthy	of	a	case	report.	This	pattern	is	then	

repeated	several	 times	by	multiple	 researchers	and,	 in	 the	end,	 there	 is	a	plethora	of	 case	 reports	

describing	 ‘rare’	 bioarchaeological	 tumours,	as	was	 observed	 in	Chapters	 4	 and	 5.	Moreover,	 since	

neoplasms	are	deemed	rare	or	uncommon,	some	researchers	do	not	consider	them	as	a	possibility	in	

their	diagnosis,	especially	in	certain	anatomical	regions.	Recalling	the	results	of	Miller	et	al.’s	(1996)	

investigation,	 the	 Omission	 and	 Preservation	 Argument	 implies	 palaeopathologists	 might	 be	

unfamiliar	with	various	neoplastic	conditions	and	will	have	more	difficult	time	identifying	them	from	

dry	bone. For	instance,	Carrascal	et	al.	(2013)	reported	a	mandible	from	medieval	Spain	with	a	large,	

lytic	lesion.	Normally,	lesions	in	the	mandible	are	attributed	to	oral	pathology	and	thus	ante-mortem	

tooth	 loss,	 dental	 caries	 and	 alveolar	 resorption	 were	 considered	 more	 likely	 in	 the	 differential	

diagnosis.	However,	 the	 lesion	had	margins	 indistinguishable	 from	the	rest	of	 the	bone	and,	when	

radiographed,	showed	radiolucent	lines	and	opacities.	Due	to	this,	and	the	size	and	shape	of	the	lesion,	

inflammatory,	traumatic,	infectious	and	pseudo-pathological	injuries	were	ruled	out	as	possibilities,	

leaving	a	neoplasm	as	the	most	likely	cause	(Carrascal	et	al.	2013).	Another	example	of	difficulty	in	

neoplastic	palaeopathology	can	be	found	with	Thillaud’s	(1981–1982)	diagnosis	of	histiocytosis	X	or	

Langerhans	 cell	 histiocytosis	 in	 the	 frontal	 bone	 of	 Cro-Magnon	 1.	 Thillaud’s	 diagnosis	was	 later	

refuted	by	Charlier	et	al.	(2018)	who	concluded	the	cranial	lesions	of	Cro-Magnon	1	were	not	neoplastic	

but	 were	 instead	 congenital	 in	 origin,	 most	 likely	 neurofibromatosis,	 similar	 to	 that	 previously	

reported	by	Knüsel	and	Bowman	(1996).	More	recently,	an	adult	male	from	medieval	Germany	was	

reported	 to	 have	 a	 tumour-like	 bony	 structure	 in	 the	maxillary	 sinus.	However,	 the	 structure	and	

localisation	suggested	a	chronic,	inflammatory	origin,	possibly	from	dental	sinusitis	(Nicklisch	et	al.	

2018).	

With	 the	 preservation	 component,	 there	 is	 no	 denying	 that	 specific	 tumour	 types	 can	 be	

difficult	 to	 diagnose	 as	 bone	 can	 only	 react	 to	 pathology	 in	 one	 of	 three	ways:	 1)	 an	 osteoblastic	

response	occurs,	where	immature	and	unorganized	bone	is	produced;	2)	an	osteolytic	response	occurs,	

destroying	the	bone	or	3)	a	mixed	osteolytic	and	osteoblastic	response	can	occur	(Figure	7.3,	page	

240).	The	degree	of	skeletal	destruction	will	have	an	impact	on	tumour	preservation,	its	recovery	and	
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its	recognition.	This	is	further	complicated	as	neoplasms	can	appear	similar	to	each	other,	as	well	as	

other	 forms	 of	 pathology	 and	 taphonomic	 processes.	 For	 instance,	 myeloma	 can	 be	 mistaken	 for	

metastatic	cancer	 (Capasso	2005)	and	on	a	 radiograph	an	osteoblastic	metastasis	may	 look	 like	an	

osteosarcoma	due	to	the	similar	‘sunburst’	appearance	(Brothwell	2012).	Taphonomic	processes	can	

also	result	in	bone	changes	that	can	either	mimic	or	obscure	neoplastic	lesions.	This	is	accomplished	

by	 chemical	 factors,	 such	as	 soil	 acidity;	 physical	 factors	 such	 as	animal	 gnawing	 or	 chewing;	 and	

biological	factors	such	as	fungi	(Capasso	2005).	Brothwell	(2012)	aptly	illustrated	the	difficulty	with	

distinguishing	neoplastic	osteolytic	lesions	from	taphonomic	alterations.	Referring	to	Figure	7.4	(page	

241),	at	first	glance	an	osteolytic	response	can	be	assumed	in	all	four	examples,	but	it	is	only	after	more	

careful	examination	that	pathology	can	be	ruled	out	in	favour	of	other	forces,	such	as	taphonomy	or	

post-mortem	damage.	However,	diagnostic	and	taphonomic	difficulties	are	not	unique	to	neoplastic	

disease.	Other	forms	of	pathology	such	as	infection	can	be	obscured,	mimicked	or	destroyed	by	these	

forces.	 It	 is	 for	 the	 palaeopathologist	 to	 overcome	 these	 challenges	 using	 relevant	 methods	 of	

observation	and	testing,	such	as	macroscopy	and	radiography.		
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FIGURE	7.3	GROSS	SPECIMENS	OF	(A)	OSTEOSARCOMA	OF	THE	RADIUS	AND	ULNA	AND	(B)	CHONDROSARCOMA	OF	THE	FEMUR,	
BEFORE	AND	AFTER	MACERATION.	NOTE	THE	DEGREE	OF	DESTRUCTION	IN	THE	DRY	BONE.	IN	A	BIOARCHAEOLOGICAL	CONTEXT	
THIS	OUTCOME	COULD	BE	EXPECTED,	DEPENDING	ON	TAPHONOMIC	FACTORS	AND	WOULD	AFFECT	RECOVERY,	RECOGNITION	AND	
DIAGNOSIS	(DE	BOER	AND	MAAT	2018:	3).	
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FIGURE	7.4	AN	EXAMPLE	OF	THE	DIFFICULTY	IN	DIFFERENTIATING	BETWEEN	PATHOLOGICAL	AND	TAPHONOMIC	ALTERATION	IN	
BONE.	THE	TOP	TWO	IMAGES	SHOW	OSTEOLYTIC	LESIONS	DUE	TO	MALIGNANCY,	WHILE	THE	BOTTOM	LEFT	IS	DUE	TO	INSECT	
ACTIVITY	AND	THE	BOTTOM	RIGHT	IS	DUE	TO	POST-MORTEM	DAMAGE	(BROTHWELL	2012:	422).	

	

Moreover,	 the	 majority	 of	 neoplasms	 are	 of	 soft-tissue	 origin	 and,	 outside	 of	 mummified	

material,	which	are	rarer	findings	than	skeletal	remains	(Fornaciari	2018),	these	organic	structures	

are	 not	 known	 for	 their	 archaeological	 longevity.	 As	 such,	 bioarchaeological	 investigations	 into	

neoplastic	disease	can	only	account	for	a	fraction	of	the	tumours	that	were	present	in	the	past.	Some	

researchers	such	as	David	and	Zimmerman	(2010)	advocate	for	an	increased	reliance	on	mummified	

remains	to	compensate	for	the	Omission	and	Preservation	Argument,	noting	tumours	have	been	shown	

to	remain	diagnostic	after	extreme	desiccation	(Zimmerman	1977).	However,	modern	investigations	

of	mummified	 remains	 rely	 on	 non-invasive	 techniques,	 such	 as	 radiography,	 and	 it	 is	 difficult	 to	

diagnose	 soft-tissue	 neoplasms	without	 some	 form	 of	 histological	 confirmation	 (Fornaciari	 2018).	

Intentional	 mummification	 was	 also	 not	 a	 universal	 practice	 and	 was	 highly	 dependent	 on	

sociocultural	beliefs,	human	behaviour	and	interaction	with	the	deceased	body.		

The	Omission	and	Preservation	Argument,	and	to	a	lesser	extent	the	Early	Death	Argument,	

are	 aligned	 to	 the	 osteological	 paradox,	 first	 proposed	 by	Wood	 et	 al.	 (1992).	 The	 paradox	posits	
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diseased	individuals	who	lived	long	enough	to	manifest	skeletal	lesions	were	‘healthier’	than	those	who	

died	of	an	illness	before	skeletal	lesions	could	form.	In	regard	to	neoplastic	disease,	the	paradox	can	be	

framed	within	two	points	in	time,	namely	the	time	the	neoplasm	develops	and	the	time	of	death;	it	is	

between	these	two	points	that	a	skeletal	reaction	can	occur	(Siek	2013).	However,	bone	response	to	a	

neoplastic	process	varies	according	to	the	character	and	type	of	neoplasm	(i.e.	benign	or	malignant).	

As	a	 result,	 the	 time	 it	 takes	 for	an	osseous	 lesion	 to	 form	and	become	macroscopically	noticeable	

greatly	varies.	Between	neoplastic	development	and	death,	a	multitude	of	 factors,	 such	as	 immune	

response	and	medical	intervention,	can	influence	the	speed	at	which	a	lesion	forms	and	when	death	

occurs.	Therefore,	the	absence	of	noticeable	neoplastic	lesions	in	the	bone	does	not	always	denote	the	

absence	of	a	neoplastic	process.		

The	 Omission	 and	 Preservation	 Argument	 does	 not	 support	 or	 refute	 the	 results	 of	 the	

palaeoepidemiological	 investigation	 carried	 out	 in	 this	 thesis.	 The	 omission	 component	was	 not	 a	

factor	in	this	investigation	because	neoplasms	were	the	main	focus	and	were	actively	sought	in	the	

skeletal	 assemblages.	 The	 preservation	 component	 was	 also	 not	 applicable	 because	 the	 skeletal	

assemblages	 at	 PAS	were	well	 preserved	 and	had	 a	 large	 number	 of	 individuals	 that	 satisfied	 the	

investigation’s	 prescribed	 inclusion	 criteria,	 which	 had	 included	 contingencies	 for	 partial	 skeletal	

remains.		

7.3.3	THE	ANCIENT	ENVIRONMENT	ARGUMENT	

The	Ancient	Environment	Argument	states	the	level	of	environmental	carcinogens	in	the	past	

was	too	low	or	non-existent	for	there	to	be	a	risk	of	neoplastic	development	(Zimmerman	and	Kelley	

1982;	Strouhal	1994;	Aufderheide	and	Rodríguez-Martín	1998;	Roberts	and	Manchester	2005).	While	

it	is	true	that	environmental	pollutant	levels	were	not	as	high	as	in	modern	times	(Ritchie	and	Roser	

2017)	this	does	not	preclude	the	ancient	and	historic	past	from	anthropogenic	or	natural	carcinogens.		

Environmental	pollution	is	a	product	of	human	technological	advancement	starting	with	the	

domestication	 of	 fire,	 the	 later	 onset	 of	 metallurgical	 practices	 in	 antiquity	 and	 its	 subsequent	

development	during	the	Middle	Ages.	Early	economies	progressed	through	the	mining	and	processing	

of	 precious	 metals	 (Nriagu	 1996).	 For	 instance,	 in	 ancient	 Greece	 and	 Rome,	 vast	 amounts	 of	

metallurgical	material	were	produced.	This	has	been	estimated	to	include	100,000	metric	tonnes	of	
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lead,	15,000	metric	tonnes	of	copper	and	10,000	metric	tonnes	of	zinc	(Nriagu	1996).	Later,	in	the	11–

12th	 century,	 European	 copper,	 tin,	 silver,	 lead	 and	 iron	 ore	 mining	 intensified	 (Merrington	 and	

Alloway	1994;	Monna	et	al.	2000;	Renberg	et	al.	2002;	Cabala	et	al.	2013).	In	medieval	Poland,	the	

Silesia-Kraków	region	in	the	south	became	an	important	centre	of	lead-silver	and	iron	mining	in	the	

12th	century	(Cabala	et	al.	2013).	The	Rudawy	Janowickie	Mountains	were	the	largest	centre	for	copper,	

silver	and	arsenic	mining	and	smelting	in	south-west	medieval	Poland,	as	early	as	1310	(Figure	7.5,	

page	244)	(Dziekoński	1972;	Kierczak	and	Pietranik	2011;	Tyszka	et	al.	2016).		
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FIGURE	7.5	PRINCIPAL	MEDIEVAL	MINING	AND	METAL	WORKING	SITES	IN	EUROPE	IN	THE	13TH	CENTURY.	NOTICE	THE	
CONCENTRATION	OF	METALWORKING	AND	SMELTING	CENTRES	IN	SOUTH	AND	SOUTH-WEST	POLAND	(HOFFMAN	2014:	217,	RED	
SQUARE	ADDED	BY	T.	SIEK).	
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As	in	modern	contexts,	medieval	metallurgical	production	would	have	resulted	in	atmospheric	

and	environmental	pollution.	As	metallic	ores	are	processed,	their	crushing	and	washing	releases	trace	

elements	 into	 the	 water	 and	 soil	 and	 heavy	 metal	 particulates	 accumulate	 in	 the	 surrounding	

environment	over	time	(Hoffman	2014).	The	emissions	from	metal-working	would	have	varied	over	

time	due	to	changes	in	production	technology.	For	instance,	past	atmospheric	metallurgical	emission	

factors	were	as	high	as	~15%	due	to	uncontrolled	and	wasteful	processing	of	metal	ores	(Forbes	1956;	

Hong	et	al.	1996).	This	 included	roasting,	smelting,	oxidizing	and	refining	metal	ores	in	crude	open	

furnaces,	and	emissions	would	remain	uncontrolled	until	the	19th	century	(Tylecote	1992;	Hong	et	al.	

1996).	 Records	 of	 atmospheric	 metal	 pollution	 have	 been	 preserved	 in	 polar	 ice	 caps,	

ombrogenic/ombrotrophic	 bogs	 and	 aquatic	 sediments.	 Core	 samples	 from	 four	 Swedish	 lakes,	

provided	 a	 record	 of	 atmospheric	 lead	 pollution	 for	 the	 past	 3,000	 years	 (Brännvall	 et	 al.	 1999).	

Researchers	noted	an	increase	in	lead	pollution	corresponding	with	increased	population	between	the	

8–13th	century,	economic	growth	and	the	expansion	of	metallurgy	in	several	areas,	including	Poland	

(Brännvall	et	al.	1999).	To	reconstruct	the	historical	pollution	of	Poland,	core	samples	were	taken	from	

the	Słowińskie	Błoto	bog	in	the	northern	part	of	the	country	(De	Vleeschouwer	et	al.	2009)	and	from	a	

peat	 deposit	 near	 the	 towns	 of	 Tarnowskie	Góry	 and	 Żyglin,	which	were	medieval	mining	 centres	

approximately	200	km	south-west	of	Wrocław	(Cabala	et	al.	2013).	In	the	core	sections	corresponding	

with	the	Middle	Ages,	the	lead	isotope	ratios	showed	stable	values	and	confirmed	the	main	source	of	

lead	in	the	bog	was	anthropogenic.	Furthermore,	the	core	samples	showed	a	lead	enrichment	period	

between	the	9–11th	century,	a	period	associated	with	medieval	lead	smelting,	strengthening	the	fact	

that	 lead	 accumulation	 rates	 were	 in	 accordance	 with	 Polish	 history	 and	 cultural	 changes	 (De	

Vleeschouwer	et	al.	2009).	Lead	and	inorganic	lead	compounds	are	classified	as	a	Group	2A	carcinogen	

(see	Table	2.4,	page	32)	(Silbergeld	et	al.	2000;	International	Agency	for	Research	on	Cancer	2006).		

Aside	from	anthropogenic	environmental	pollution,	other	forms	of	historical	carcinogenicity	

included	natural	physical	carcinogens,	such	as	radiation.	For	instance,	as	was	mentioned	in	Chapter	4,	

Whitley	 and	 Boyer	 (2018)	 showed	 there	were	 probably	 high	 concentrations	 of	 radon	 (a	Group	 1	

carcinogen,	 see	Table	2.4,	page	32)	 in	 the	earthen-pit	dwellings	of	 the	Ancestral	Puebloans	in	New	

Mexico,	leading	to	increased	risk	of	neoplastic	disease.	In	Poland,	the	modern	average	annual	effective	

dose	 of	 radiation	 from	 natural	 sources	 is	 2.48	 millisieverts	 (mSv),	 half	 of	 which	 is	 from	 radon	
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(Fornalski	 and	Dobrzyński	 2012);	 the	 recommended	 yearly	 dose	 is	 1mSv	 as	 per	 the	 International	

Commission	on	Radiological	Protection	(Ojovan	and	Lee	2005).	In	recent	Polish	history,	 the	annual	

effective	dose	has	remained	relatively	the	same	(Table	7.2).	Further	to	this,	certain	regions	in	Poland	

have	been	identified	as	having	higher	background	radiation	than	others,	specifically	in	the	south	and	

south-west	(Figure	7.6)	and	these	regions	have	displayed	higher	cancer	mortality	(Table	7.3).	Although	

there	are	no	data	regarding	radiation	levels	in	Poland	during	the	Middle	Ages,	from	the	modern	data	it	

is	a	reasonable	assumption	that	natural	radiation	background	levels	might	have	been	similar	 in	the	

past.	

	

Source	of	Exposure	(Natural	versus	Artificial)	
Annual	effective	dose	

(mSv/person)	
1986	 2006	

Natural	Sources	
Outdoor	

(Cosmic	Radiation,	Natural	Radionuclides,	Radon,	
Thoron)	

0.19	 0.193	

Indoor	
(Cosmic	Radiation,	Gamma,	Radon,	Thoron)	

2.18	 2.015	

Other	(excluding	radon	and	thoron)	 0.37	 0.275	
Total	 2.74	 2.483	

Artificial	Sources	
Outdoor	Contamination	after	the	Chernobyl	Accident	 0.056	 0.000	
Air	Contamination	after	the	Chernobyl	Accident	 0.045	 0.000	

Food	Contamination	 0.207	 0.005	
Nuclear	Bomb	Tests	 0.012	 0.003	

Total	 0.320	 0.008	
TABLE	7.2	MODERN	AVERAGE	EXPOSURE	TO	NATURAL	AND	ARTIFICIAL	RADIATION	IN	POLAND	BETWEEN	1986	AND	2006	
(JANIK	AND	TOKONAMI	2009:	117).	
	

	
High	Radiation	Background	

(>2.5mSv/year)	
Low	Radiation	Background	

(<2.4mSv/year)	
Total	cancer	deaths	between	

1999	and	2009	 359,764	 292,811	

Average	concentration	of	
indoor	radon	(Bq/m3)	

54	±	24	 30	±	13	

Average	dose	rate	of	gamma	
radiation	(nGy/h)	

83	±	33	 69	±	25	

TABLE	7.3	MODERN	STATISTICAL	DATA	REGARDING	CANCER	MORTALITY	IN	HIGH	AND	LOW	RADIATION	AREAS	IN	POLAND	
(FORNALSKI	AND	DOBRZYŃSKI	2012:	543).	
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FIGURE	7.6	A	COMPARISON	OF	THE	RADIATION	LEVELS	IN	THE	NORTH,	NORTH-WEST,	SOUTH-WEST	AND	SOUTH	OF	POLAND.	IN	
THIS	CONTEXT,	“HIGHER	RADIATION”	IS	DEFINED	AS	AN	AVERAGE	ANNUAL	EFFECTIVE	DOSE	THAT	IS	>2.5MSV/YEAR	AND	“LOWER	
RADIATION”	IS	DEFINED	AS	AN	AVERAGE	ANNUAL	EFFECTIVE	DOSE	THAT	IS	<2.4MSV/YEAR.	LD	=	ŁÓDZKIE,	W	=	WIELKOPOLSKIE,	
L	=	LUBUSKIE,	Z	=	ZACHODNIOPOMORSKIE,	PM	=	POMORSKIE,	D	=	DOLNOŚLĄSKIE,	O	=	OPOLSKIE,	S	=	ŚLĄSKIE,		
M	=	MAŁOPOLSKIE,	PK	=	PODKARPACKIE	(FORNALSKI	AND	DOBRZYŃSKI	2012:544).	
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Indoor	 pollution	 has	 also	 been	detrimental	 to	 humans	since	 the	 transition	 from	mobile	 to	

sedentary	societies.	In	modern,	developing	countries,	coal	and	biomass	(i.e.	wood,	crop	residues	and	

dung)	are	primary	sources	of	energy	for	domestic	activities,	such	as	heating	and	cooking	(Ezzati	and	

Kammen	2002).	The	combustion	of	coal	and	biomass	creates	emissions	high	in	pollutants,	including	

polycyclic	aromatic	hydrocarbons,	which	are	known	to	be	carcinogenic	to	humans,	as	was	explained	in	

Chapter	2	and	is	linked	to	carcinoma	of	the	lungs,	nasopharynx	and	larynx	(Capasso	2000;	Boström	et	

al.	2002;	Ezzati	and	Kammen	2002).	Skov	et	al.	(2000)	and	Christensen	and	Ryhl-Svendsen	(2015)	

demonstrated	the	potential	health	risks	of	indoor	pollution	by	living	in	reconstructed	Iron	Age	Danish	

houses	 and	 measuring	 carbon	monoxide,	 nitrous	 dioxide	 and	 particulate	 matter	 levels	 at	 varying	

distances	from	the	hearth.	In	both	cases,	the	investigation	was	undertaken	during	the	winter	months,	

mimicking	a	period	when	the	majority	of	time	and	activities	would	take	place	indoors.	The	results	from	

both	studies	suggested	a	high	level	of	personal	exposure	due	to	smoke	from	the	open	hearth,	which	

would	be	hazardous	to	human	health.	In	the	Middle	Ages,	there	was	little	knowledge	regarding	air	

pollution	beyond	avoiding	nauseous	odours	(Sundell	2004).	In	archaeological	settings,	soot	has	been	

found	on	the	ceilings	of	prehistoric	caves	and	historic	wooden	structures	have	blackened	timber	roofs	

due	to	inadequate	ventilation	(Spengler	and	Sexton	1983).	Though	the	use	of	chimneys	began	to	appear	

in	the	late	12th	century,	most	houses	were	heated	with	a	central	hearth	ventilated	by	a	louvre	in	the	

roof	 and	 it	 was	 not	 until	 the	 16th	 century	 that	 chimneys	 and	 fireplaces	 against	 walls	 came	 into	

widespread	use	(Brimblecombe	1987;	Burr	1997;	Jones	1999).		

Biological	carcinogens	were	also	present	in	the	past.	Carcinogenic	infectious	diseases,	such	as	

the	 Epstein	 Barr	 virus	 (EBV),	 have	 been	 theorized	 to	 have	 been	 present	 for	 all	 of	 human	 history	

(Epstein	2001).	This	has	been	bolstered	by	the	observation	that	EBV	is	endemic	in	many	parts	of	the	

world	 (Black	 1975).	 Recently,	 investigations	 into	 hepatitis	 B,	 another	 known	 carcinogenic	 virus,	

examined	 the	 historic	 spread	 of	 the	 disease	 utilizing	 ancient	DNA	 samples	 from	 South	 Africa	 and	

Germany,	dating	from	the	Neolithic,	the	Bronze	Age	and	the	Middle	Ages	(Krause-Kyora	et	al.	2018;	

Mühlemann	et	al.	2018).	Krause-Kyora	et	al.’s	(2018)	results	 indicated	hepatitis	B	had	circulated	in	

Europe	for	at	least	7,000	years	and	Mühlemann	et	al.	(2018)	showed	the	geographical	locations	of	the	

ancient	genotypes	do	not	coincide	with	modern	distributions.	For	 instance,	 the	genotypes	 that	are	

typical	 of	modern	 Africa	 and	 Asia	were	 shown	 to	 have	 an	 early	 Eurasian	 presence.	 Carcinogenic,	
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sexually	 transmitted	 diseases	 were	 also	 present	 in	 the	 Middle	 Ages.	 Some,	 such	 as	 the	 human	

papillomavirus,	have	coexisted	with	humans	for	millennia	before	then,	although	their	prevalence	is	

unknown	as	 those	 illnesses	were	regarded	as	highly	private	and	personal	afflictions	 that	were	not	

regularly	discussed	or	written	about	(Burg	2012;	Pimenoff	et	al.	2018).	However,	it	is	possible	that	in	

a	 medieval	 context,	 these	 sexually	 transmitted	 diseases	 could	 have	 easily	 been	 spread	 within	 a	

population,	especially	if	there	was	little	knowledge	regarding	their	aetiology	or	prevention.	

Moreover,	 varying	 methods	 of	 food	 preservation,	 such	 as	 salted	 fish,	 natural	 vegetable	

fermentation	and	alcohol	production,	as	well	as	the	copious	consumption	of	red	meat	and	alcohol,	have	

also	been	found	to	have	carcinogenic	effects,	and	none	of	these	are	products	of	the	modern	world.	In	

medieval	Poland,	beef	and	pork	were	the	preferred	meats	consumed	across	all	social	strata	and	salted	

or	pickled	fish	was	also	a	common	diet	staple	during	Lent	and	other	fasting	days,	all	of	which	were	

strongly	enforced	by	the	Catholic	Church	(Dembinska	1999).	As	was	reviewed	in	Chapter	2,	alcoholic	

beverages	 and	 their	 chemical	 components	 are	 known	 to	 be	 carcinogenic	when	 consumed	 in	 high	

amounts.	Beer,	ale	and	mead	of	varying	alcohol	levels,	were	commonly	consumed	and	local	taverns	

were	established	as	early	as	the	10th	century	(Dembinska	1999;	Wolska	2001).	Alcohol	consumption	

was	 ingrained	 in	medieval	 Polish	 social	 customs	as	 every	 discussion,	 community	affair	 and	public	

occasion	was	marked	with	a	 drink	 (Wolska	 2001).	 By	 the	 16th	 century,	 reports	 from	 travellers	 to	

Poland	cited	widespread	drunkenness	among	all	levels	of	society	including	the	peasantry,	the	nobility	

and	the	clergy	(Wolska	2001).	

Claiming	there	were	low	levels	of	pollution	in	the	past	is	not	a	valid	argument	and	a	simplistic	

understatement.	Glacial	core	samples	and	evidence	from	bogs	have	shown	environmental	pollution	

levels	were	high	in	the	past	and	the	levels	aligned	with	the	advent	and	use	of	metallurgical	processing	

and	 fuel	burning.	Occupational	practices	would	have	created	respiratory	carcinogenic	by-products,	

such	as	wood	and	 leather	dust	and	social-cultural	practices,	 such	as	alcohol	 consumption	and	 food	

preservation,	would	have	also	added	to	a	person’s	carcinogenic	load.	Certainly,	preserved	foods	must	

have	been	a	dietary	staple,	especially	in	the	winter	months	when	fresh	sources	of	fruit	and	vegetables	

were	scarce;	an	open	hearth	would	also	have	been	a	constant	feature	in	homes.	With	constant	exposure	

and	no	knowledge	of	the	inherent	risk,	these	practices	would	have	continued	over	a	person’s	lifetime,	

increasing	their	carcinogenic	load	and	their	probability	for	neoplastic	development.	
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7.3.4	THE	FOUR	ARGUMENTS	AND	THE	BROADER	CONTEXT	

The	 four	 arguments	 for	 neoplastic	 scarcity	 presented	 in	 bioarchaeological	 discourse	 are	

invalid	and	are	usually	presented	as	simple	answers	to	complex	and	nuanced	questions.	Moreover,	the	

four	arguments	cannot	completely	explain	 the	results	of	 the	palaeoepidemiological	 investigation	in	

Chapter	6.	The	Early	Death	and	Age	at	Risk	Arguments	seem	the	most	probable	of	the	four,	but	they	do	

not	account	 for	 the	 large	number	of	benign	neoplasms	that	were	observed	because	 these	 tumours	

develop	 at	 younger	 ages	 than	 malignancies.	 The	 Omission	 and	 Preservation	 Argument	 are	 not	

applicable	because	neoplasms	were	the	sole	focus	of	this	investigation	and	the	skeletal	material	was	

well	 preserved	 and	 the	 individuals	 satisfied	 the	 prescribed	 inclusion	 criteria.	 Lastly,	 the	 Ancient	

Environment	Argument	 is	also	 flawed	as	 there	were	carcinogenic	 sources	 in	medieval	Poland	 that	

might	 have	 affected	 the	 risk	 of	 neoplastic	 development.	 Age,	 environment,	 susceptibility	 to	 death,	

skeletal	 preservation	 and	 recognition	 by	 the	 bioarchaeologist	 are	 all	 intersecting	 factors	 that	

contribute	to	the	presence	of	a	neoplasm	in	a	bioarchaeological	context.	These	arguments	should	not	

be	viewed	as	overarching	maxims	that	explain	scarcity,	as	they	rely	on	or	bolster	the	circular	argument	

of	past	neoplastic	rarity	(Figure	7.2,	page	233).	Moreover,	regardless	of	age,	environment,	mortality,	

preservation	or	recognition,	 it	must	be	remembered	all	neoplasms	are	based	on	genetic	mutations.	

Carcinogens	and	age	will	act	as	a	catalyst	for	neoplastic	cells	to	form,	but	neoplastic	formation	is	a	

multifactorial	 process	 that	 is	 influenced	 by	 chance	 and	 circumstance.	 The	 four	 arguments	 in	

bioarchaeology	cannot	wholly	account	 for	 the	genetic	basis	of	neoplastic	disease	nor	 the	chance	of	

neoplastic	 development.	 Instead,	 these	 should	 be	 viewed	 simply	 as	 factors	 in	 a	 broader	 biological	

scheme.	The	following	chapter	will	offer	the	final	conclusions	of	this	thesis.	It	will	review	the	author’s	

research	aims,	the	findings	of	this	PhD	thesis	and	it	will	offer	suggestions	for	future	research.		
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CHAPTER	8 CONCLUSION	

8.1	PURPOSE	OF	RESEARCH	AND	THESIS	FINDINGS	

The	purpose	of	this	thesis	was	to	reconsider	palaeoepidemiological	investigations	in	palaeo-

oncology.	Previous	studies	that	considered	neoplastic	prevalence	in	the	past	have	remained	separate	

entities	of	academic	research	and	their	results	have	never	been	compared	or	synthesized	in	an	effective	

or	 substantive	 way.	 This	 thesis	 first	 explored	 neoplastic	 disease	 clinically,	 historically	 and	

archaeologically.	 It	 then	 performed	 a	 systematic	 review	 of	 the	 palaeopathological	 and	

palaeoepidemiological	literature	to	not	only	fill	a	gap	in	the	bioarchaeological	literature,	but	to	also	use	

previously	reported	data	and	attempt	to	examine	trends	in	neoplasm	prevalence	over	time.	Following	

this,	 a	 palaeoepidemiological	 investigation,	 using	 skeletal	 material	 from	 medieval	 Poland,	 was	

designed	 and	 implemented.	 The	 goal	 of	 this	 investigation	 was	 to	 develop	 and	 incorporate	 a	

standardized	methodology	that	compensated	for	the	gaps	in	previous	research.	It	is	hoped	the	methods	

employed	in	this	thesis	will	be	applied	to	future	paleoepidemiological	investigations	of	neoplasia,	as	

well	as	other	non-communicable	disease	processes.		

This	final	chapter	will	briefly	review	the	major	findings	of	this	thesis	by	answering	the	three	

research	 questions	 and	 their	 sub-questions,	 first	 posited	 in	Chapter	 1.	 The	 first	 research	 question	

establishes	 how	palaeopathology,	as	 a	 discipline,	approached	neoplastic	 disease	and	examined	 the	

proposed	reasons	for	tumour	scarcity	in	bioarchaeology.	The	second	question	focuses	exclusively	on	

palaeoepidemiological	 inquiry	into	neoplastic	disease	and	explores	the	effectiveness	and	validity	of	

past	 investigations	to	date.	The	final	question	offers	 insight	 into	the	future	of	paleoepidemiological	

inquiry	into	palaeo-oncology.		
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Research	Question	 1:	 In	bioarchaeology,	 how	has	 neoplastic	 disease	 been	 investigated?	What	 are	 the	
arguments	for	the	scarcity	of	bioarchaeological	evidence	of	cancer,	as	well	as	other	neoplasms	and	are	
they	well	supported?		

Bioarchaeological	investigation	into	neoplastic	disease	has	been	largely	unsystematic	until	the	

past	two	decades.	This	was	enforced	by	the	maxim	of	proof	of	rarity	via	a	perceived	lack	of	evidence.	A	

circular	argument	then	developed	from	this:	since	few	neoplasms	were	detected	in	bioarchaeological	

assemblages,	then	neoplastic	disease	must	have	been	rare	in	the	past,	and	this	must	mean	that	tumours	

are	 the	 result	 of	 modern	 environments	 and	 lifestyles,	 as	 evidenced	 by	 the	 lack	 of	 tumours	 in	

bioarchaeological	contexts.	As	a	result	of	this	circular	argument,	emphasis	was	placed	on	describing	

neoplasms	in	bioarchaeological	assemblages	in	the	form	of	case	reports,	without	further	analysis.		

Four	 arguments	 for	 neoplastic	 rarity	 were	 identified.	 The	 Early	 Death	 Argument	 stated	

individuals	died	before	neoplasms	could	become	evident	on	the	skeleton.	This	argument	is	the	most	

supportable	 in	 regard	 to	 malignant	 neoplasms	 as	 these	 would	 be	 fatal	 without	 modern	 medical	

intervention.	However,	this	argument	does	not	consider	benign	neoplasms,	which	may	be	present	at	

the	time	of	death	but	could	be	difficult	to	detect.	The	Age	at	Risk	Argument	stated	individuals	did	not	

live	to	advanced	age,	when	neoplasms	are	at	higher	risk	of	forming.	In	the	past,	individuals	did	live	into	

mature	age,	but	 these	were	 in	smaller	proportions	of	 the	population	 than	in	modern	contexts.	The	

Omission	and	Preservation	Argument	stated	previous	researchers	may	have	lacked	the	knowledge	and	

resources	to	recognize	tumours	in	archaeological	bone	and	neoplasms	are	not	archaeologically	viable.	

This	is	a	possible	explanation	in	the	context	of	previous	research,	as	the	concept	of	tumour	rarity	led	

researchers	to	not	readily	expect	or	consider	neoplasms.	This	argument	can	be	corrected	with	training	

and	re-examination	of	skeletal	collections	and	assemblages.	Although	preservation	can	be	a	factor	in	

all	bioarchaeological	research,	setting	specific	inclusion	criteria	for	an	investigation	that	accounts	for	

both	complete	and	partial	skeletal	remains	will	help	alleviate	this	difficulty.	The	Ancient	Environment	

Argument	stated	the	level	of	environmental	carcinogens	in	the	past	were	too	low	or	non-existent	to	

constitute	a	risk	for	neoplastic	development.	This	is	the	least	supported	argument	because	physical	

and	biological	carcinogens	were	present	in	the	Middle	Ages	and	earlier.	Together,	these	four	arguments	

are	not	adequate	explanations,	 should	not	be	viewed	as	overarching	maxim	and	 instead	should	be	

viewed	as	factors	in	broader	biological	scheme.	
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Research	Question	2:	Have	previous	palaeoepidemiological	 investigations	 into	neoplastic	disease	been	
valid?	Were	 their	methods	 adequate	 for	 determining	 neoplastic	 prevalence	 in	 the	 past	 and	 can	 their	
results	be	compared?	Can	the	results	of	past	studies	inform	about	trends	in	neoplastic	prevalence	over	
time?	

There	have	been	only	10	palaeoepidemiological	 investigations	into	neoplastic	disease	since	

1970	and	these	investigations	have	not	been	effective	in	their	methods	and	analysis.	They	limited	their	

scope	 by	 disregarding	 benign	 neoplasms,	 they	 hindered	 comparison	 by	 not	 reporting	 detailed	

demographic	 data	 or	 inclusion	 criteria	 and	 their	 analysis	 did	 not	 go	 beyond	 reporting	 the	 crude	

prevalence.	 These	 omissions	 and	 inadequacies	 precluded	 them	 from	 any	 substantive	 form	 of	

comparison.	Only	the	precision	of	the	reported	crude	prevalence	could	be	determined	by	calculating	

the	95%	confidence	intervals.	The	investigations	that	reported	a	high	crude	prevalence	had	a	wide	

confidence	 interval	 indicating	a	 low	 level	of	precision,	while	 the	investigations	 that	 reported	a	 low	

crude	prevalence	had	a	narrow	confidence	interval	 indicating	a	high	level	of	precision.	However,	 it	

cannot	 be	 concluded	 that	 those	 studies	with	 a	 low	 crude	prevalence	 and	 a	 high	 level	 of	 precision	

indicate	 neoplasms	did,	 indeed,	 have	 a	 low	 level	 of	 prevalence	 in	 the	 past	 because	 the	confidence	

intervals	were	only	calculated	for	the	crude	prevalence,	which	again	are	simple	proportions	that	do	

not	consider	demographic	aspects,	such	as	sex	or	age,	or	social	contexts,	such	as	socioeconomic	status.	

The	reported	crude	prevalence	also	does	not	inform	about	the	risk	or	odds	of	developing	a	neoplasm	

for	the	people	under	investigation	or	for	specific	sub-groups.	The	results	from	the	previous	studies	

cannot	adequately	inform	about	trends	in	neoplastic	prevalence	over	time.	There	are	too	few	previous	

studies,	they	are	geographically	limited	to	certain	regions	and	there	are	disparities	in	the	time	periods	

covered.	Their	lack	of	standardized	methods	and	analyses	hindered	attempts	to	examine	trends	over	

time	and	obscured	possible	observations.	
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Research	Question	3:	Can	investigations	into	past	neoplastic	prevalence	be	further	standardized?	Can	one	
design	 and	 implement	 a	 palaeoepidemiological	 study	 that	 overcomes	 the	 shortcomings	 of	 previous	
research	 and	 can	 such	 a	 study	 answer	 broader	 questions	 regarding	 neoplasms	 in	 the	 past?	 What	
methodological	 protocols	 can	 be	 created	 to	 ensure	 future	 palaeoepidemiological	 research	 in	 palaeo-
oncology	yields	meaningful	results?	

Investigations	 into	 neoplastic	 prevalence	 can	 and	 need	 to	 be	 further	 standardized.	 The	

palaeoepidemiological	study	carried	out	in	Chapter	6,	centred	on	medieval	Poland,	does	overcome	the	

shortcomings	 of	 previous	 research.	 This	 study	 used	 standard	 palaeoepidemiological	methodology,	

including	defined	inclusion	criteria,	crude	and	stratum-specific	prevalence,	95%	confidence	intervals	

and	odds	ratios.	This	study	was	able	to	examine	a	broader	question	regarding	neoplastic	prevalence	in	

the	 past,	 namely	 through	 the	 relation	 between	 neoplastic	 risk	 and	 medieval	 urban	 and	 rural	

environments.	It	showed	a	higher	observed	prevalence	in	the	rural	assemblages	and	that	the	urban	

groups	 had	 lesser	 odds	 of	 developing	 a	 neoplasm.	 This	 contrasts	 with	 modern	 epidemiological	

contexts,	where	 urbanization	 and	 living	 in	 urban	 centres	 has	 been	 correlated	with	 an	 increase	 in	

neoplastic	risk.		

Four	methodological	protocols	are	proposed	to	ensure	standardization	in	future	research	into	

palaeo-oncological	research	and	these	protocols	will	be	outlined	herewith.	

Protocol	1:	Palaeoepidemiological	investigations	in	palaeo-oncology	and	other	forms	of	pathology	must	
first	clearly	establish	the	inclusion	criteria	that	will	inform	the	study’s	final	denominator.	
This	will	include	defining	what	skeletal	elements	are	to	be	examined,	what	proportion	of	
the	skeleton	is	needed	for	an	individual	to	be	counted	and	if	any	distinctions	will	be	made	
for	sex	and	age.	If	sex	or	age	groups	are	excluded,	there	should	be	a	stated	justification	for	
their	omittance.	The	investigator	must	also	clarify	what	proportion	of	the	skeleton	will	be	
needed	to	qualify	for	inclusion	in	the	study	and	which	bones	will	be	examined.	Ideally,	this	
would	involve	the	entire	skeleton,	but	at	minimum	a	study	should	include	the	cranium,	ossa	
coxae,	vertebrae,	femora	and	humeri.	This	will	provide	sufficient	representation	of	the	axial	
skeleton	where	skeletal	metastases	are	most	likely	to	occur	and	the	appendicular	skeleton	
where	primary	malignancies	are	most	likely	to	occur.	In	regard	to	sex,	it	is	recommended	
that	both	males	and	females	be	accounted	for.	In	regard	to	age,	age	group	categories	must	
be	clearly	defined	from	the	beginning.	It	is	also	recommended	that	sub-adults	and	young	
adults	not	be	excluded	from	a	study.	While	soft-tissue	malignancies,	such	as	carcinomata	
of	the	breast,	lung	and	prostate,	are	associated	with	mature	adults,	primary	bone	tumours	
are	more	likely	to	develop	in	individuals	under	30	years	of	age.	Lastly,	there	must	be	clear	
contextual	 information	 regarding	 the	 assemblage	 under	 investigation,	 including	 a	
demographic	profile	providing	a	clear	summary	of	sex	and	age	categories.	This	will	enable	
future	 researchers	 to	 utilize	 published	 data	 more	 efficiently	 and	 make	 more	 accurate	
comparisons.	

Protocol	2:	Palaeoepidemiological	and	palaeo-oncological	investigations	must	be	extended	to	include	
benign	tumours	in	conjunction	with	malignancies.	At	present,	investigation	into	neoplastic	
disease	 has	 mainly	 been	 exclusively	 focused	 on	 malignancy,	 and	 this	 limits	 research	
potential.	This	does	not	mean	that	malignant	neoplasms	should	no	longer	be	counted	and	
reported,	 rather	 benign	 tumours	 should	 also	 be	 included.	 Benign	 tumours	 are	 of	
bioarchaeological	significance	due	to	their	possible	secondary	negative	effects	and	their	
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potential	to	become	malignant.	Despite	being	perceived	as	common,	benign	tumours	are	
less	understood	in	bioarchaeology	than	malignancies,	especially	 in	regard	to	prevalence	
and	 aetiology.	 The	 inclusion	 of	 benign	 tumours	 will	 increase	 the	 number	 of	 observed	
neoplastic	lesions	and	provide	more	data	for	the	benign	aspect	of	neoplastic	disease,	which	
is	often	overlooked	or	ignored.		

Protocol	 3:	 Macroscopic	 and	 radiographic	 investigation	 remain	 the	 primary	 forms	 of	 detecting	
neoplastic	 lesions	in	dry	bone.	Macroscopy	should	involve	a	detailed	examination	of	the	
bone	surface	and	note	any	osteoblastic	or	osteolytic	 lesions	 that	are	suspected	 to	be	of	
neoplastic	origin.	Their	 location	on	the	bone	should	be	noted,	as	should	its	dimensions,	
shape	 and	 whether	 it	 is	 singular	 or	 multiple.	 In	 an	 ideal	 situation,	 the	 entire	 skeletal	
assemblage	would	be	submitted	to	radiographic	investigation.	However,	as	this	is	highly	
dependent	on	cost	and	time,	radiographs	should	be	made	for	the	skeletons	that	display	a	
suspected	neoplastic	 lesion.	 If	 this	 is	not	possible,	at	minimum,	a	 radiograph	should	be	
made	for	the	individual	bone	where	lesions	are	observed,	as	well	as	the	cranium,	ossa	coxae,	
vertebrae	 and	 femora.	When	 examining	 a	 radiograph,	 attention	 is	 given	 to	 the	 lesion’s	
margin	 patterns,	 the	matrix	 composition	 and	periosteal	 reaction.	 If	 additional	 forms	 of	
imaging	such	as	CT	scans	or	scanning	electron	microscopy	are	available,	then	they	should	
also	 be	 applied.	 When	 possible,	 researchers	 should	 also	 consult	 with	 a	 specialist	 in	
radiology	regarding	their	diagnosis.	

Protocol	4:	Palaeo-oncological	 investigations	concerned	with	prevalence	must	go	beyond	stating	an	
observed	 crude	 prevalence	 and	 using	 that	 figure	 for	 comparative	 purposes.	 This	 is	
insufficient	 as	 it	 does	 not	 account	 for	 the	 structure	 of	 the	 skeletal	 assemblage	 under	
investigation.	 Instead,	 there	 must	 be	 a	 reported	 sex-	 and	 age-	 specific	 prevalence.	
Moreover,	prevalence	must	be	accompanied	with	a	95%	confidence	interval,	which	will	
indicate	the	precision	of	the	observed	proportion.	An	odds	ratio	should	be	applied	when	
testing	whether	there	is	an	association	between	a	neoplastic	process	and	a	factor	such	as	
sex	 or	 economic	 status	 and	 this,	 too,	 should	 be	 accompanied	 with	 a	 95%	 confidence	
interval.	Without	applying	more	standardized	methods	to	palaeoepidemiological	studies	
regarding	neoplastic	disease,	these	investigations	preclude	themselves	from	comparison	
with	past	and	future	studies.	

	

8.2	FUTURE	RESEARCH	IN	PALAEOEPIDEMIOLOGY	AND	PALAEO-ONCOLOGY	

Palaeo-oncology	 is	 a	 fledging	 sub-discipline	 of	 bioarchaeology	 that	 risks	 stagnation	 if	

researchers	 continue	 to	 approach	 it	 on	 a	 case-by-case	 basis	 without	 improved	 analytical	

standardization.	This	 is	particularly	the	case	for	palaeoepidemiological	considerations	of	neoplastic	

disease.	 The	 methods	 and	 protocols	 outlined	 in	 this	 thesis	 can	 be	 applied	 to	 future	 research	 in	

neoplastic	prevalence	as	well	as	other	forms	of	non-communicable	or	‘modern’	disease.		

There	is	a	strong	need	for	more	palaeoepidemiological	investigation	into	neoplastic	disease	

processes.	 As	 of	 now,	 palaeoepidemiological	 investigation	 of	 neoplastic	 disease	 has	 been	 limited	

geographically	to	Egypt	and	as	Central	and	Eastern	Europe.	Investigations	of	other	regions	of	the	world	

would	undoubtedly	add	further	to	a	so-called	‘map’	of	cancer	prevalence	in	the	past.	With	each	new	

published	study	more	data	becomes	available,	which	in	turn	creates	a	larger	data	pool	up	on	which	

future	researchers	may	draw	from.	This	creates	more	nuanced	analyses	and,	eventually,	a	stronger	
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understanding	of	palaeo-oncological	prevalence.	This	can	then	be	devolved	into	focusing	on	specific	

types	of	tumours	rather	than	neoplastic	disease	as	a	whole.		

With	a	deeper	understanding	of	neoplastic	prevalence	in	various	time	periods	and	geographic	

locations,	 bioarchaeologists	 will	 be	 able	 to	 diversify	 palaeo-oncological	 research	 avenues	 beyond	

palaeoepidemiology.	As	of	present,	case	reports	have	saturated	the	literature	and	are	slowly	becoming	

less	 relevant	 because	 they	 do	 not	 seek	 to	 answer	 any	 questions	 beyond	 the	 palaeopathological	

diagnosis.	 While	 case	 reports	 may	 be	 interesting,	 their	 only	 value	 is	 to	 expand	 the	 database	 of	

archaeological	tumours	and	to	mark	neoplastic	existence	in	the	world	at	that	point	in	time.	Since	the	

antiquity	of	neoplasia	has	been	firmly	established	via	a	plethora	of	case	reports,	research	should	move	

further	 into	 other	 considerations,	 such	 as	 investigating	 the	 causative	 factors	 of	 ancient	 neoplastic	

formation.	By	furthering	the	understanding	of	neoplastic	disease	in	bioarchaeology,	researchers	will	

in	 turn	enhance	 interpretations	about	 the	 interactions	between	genetics,	 environment	and	cultural	

practices.	
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APPENDIX	A1	NEOPLASTIC	RECORDING	FORMS	

Neoplastic	Lesion	Recording	Form	1:	Skeletal	Assemblage	Summary	

Site/Collection:	_______________	

Era:	______________	

Geographic	Region:	___________________	

Notes	on	preservation:	___________________________________________________________	

Demographic	Data	

Total	Number	of	Skeletons:	_____________	

Number	of	Adults:	_____________	

Number	of	Juveniles:	_____________	

Age	Range:	_____________	

Number	of	Adult	Males:	_____________	

Number	of	Adult	Females:	____________

Total	Number	of	Diagnosed	Neoplasms	

Benign:	_____________	

Malignant:	_____________	

Metastatic:	_____________	

Undetermined:	_____________	

Comments:	

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________	
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Neoplastic	Lesion	Recording	Form	2:	Skeleton	Summary	

Date:	______________	 	 	 	 	 	 Observer:	___________	

Site/Collection:	_______________	 	 	 	 Specimen	number:	__________	

Age	at	death:	____________		 	 	 	 	 	 	 Sex:	__________	

Diagram	Forms:	

Skull	

Frontal		L	__	 R__	
Parietal		L	__	 R__	
Occipital		 L	__	 R__	
Temporal	 L	__	 R__	
Sphenoid		 L	__	 R__	

Zygomatic	 L	__	 R__	
Maxilla		L	__	 R__	
Palatine		 L	__	 R__	
Mandible		 L	__	 R__	

Ribs	and	Sternum	

Rib	1		 L	__	 R__	
Rib	2		 L	__	 R__	
Rib	11		 L	__	 R__	
Rib	12		 L	__	 R__	
	
	

Ribs	3-10	
#L	__	#R__	

Sternum	
Manubrium	__	
Sternal	Body__	
	

Vertebrae	

C1		 __	
C2		 __	
C7		 __	
T10		 __	
T11		 __	
T12		 __	
L1		 __	
L2		 __	

L3	__	
L4	__	
L5	__	
T1	–	9:	

_____________________	
C3	–	6:	

_____________________	

Pelvis	

Ilium		 L	__	 R__	
Ischium	L	__	 R__	
Pubis		 L	__	 R__	
Acetabulum	L	__	R__	
Auricular	Surface	L	__	 R__	
Sacrum	L	__	 R__	

Upper	Limb	and	Hand	

Humerus	L	__	 R__	
Ulna		 L	__	 R__	
Radius		 L	__	 R__	
Scapula	L	__	 R__	
Metacarpals	#L	__	 #R__	
Carpals	#L	__	 #R__	
Phalanges	#L	__	 #R__	

Lower	Limb	and	Foot

Femur		 L	__	 R__	
Tibia		 L	__	 R__	
Fibula		 L	__	 R__	
	
	
	
	
	
	
	
	
	
	
	

Patella	L	__	 R__	
Tarsals	#L	__	 #R__	
Metatarsals	#L	__	 #R__	
Phalanges	#L	__	 #R
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Neoplastic	Lesion	Recording	Form	3:	Individual	Skeletal	Element	

Date:	______________	

Observer:	___________	

Site/Collection:	_______________	

Specimen	number:	__________	

Bone:	___________________	

Condition	of	bone:	complete	__	fragmentary	__	

Other	pathology:	______________________________________________________________	

Documentation:		

Photos:	Y		 N	

X-rays:	Y	 	N	

Micro-photos:	Y	 	N	

Diagrams	Y	 	N	

Total	number	of	lesions	observed:	_________________	

Position	of	lesion(s)	on	bone:	

1.	______________________	

2.	______________________	

3.	______________________	

4.	______________________	

5.	______________________	

6.	______________________	

7.	______________________	

8.	______________________.

Lytic:	

_____________________	

Blastic:	

_____________________	

Mixed:	

___________________	

	

Dimensions:	Length/Width/Height/Depth	

1.	______________________	

2.	______________________	

3.	______________________	

4.	______________________	

5.	______________________	

6.	______________________	

7.	______________________	

8.	______________________.

Borders:	
Clear	demarcation	

______________________	

Non-clear	demarcation	

______________________	
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Comments:	

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_	
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Neoplastic	Lesion	Recording	Form	4:	Radiography

Date:	______________	

Observer:	___________	

Site/Collection:	_______________	

Specimen	number:	__________	

Bone:	___________________	

Total	number	of	radiological	lesions	observed:	_________________	

Position	of	lesion(s)	within	bone:	

1.	______________________	

2.	______________________	

3.	______________________	

4.	______________________	

5.	______________________	

6.	______________________	

Cortical:	

_____________________	

Trabecular:	

_____________________	

Both:	

___________________

Lytic:	Non-aggressive	(Type	IA	or	IB)	Aggressive	(Type	IC,	II	or	III)	

1.	______________________	

2.	______________________	

3.	______________________	

4.	______________________	

5.	______________________	

6.	______________________	

Sclerotic:	_________________	

Matrix:	
Osteoid:	

_____________________	

Chondroid:	

_____________________	

Fibrous:	

___________________

Cortical	Bone:	Expansion	_______________	Destruction	_______________	N/A	______	

Periosteal	Reaction	

Continuous		

Thick:	____________	

Wavy:	____________	

	

	

	

	

	

	

	

Interrupted		

Onion-skin:	____________	

Hair-on-end:	___________	

Sunburst:	____________	

Codman	triangle:	______	

	

	

	

	

	

	

N/A:	_______________	
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Comments:	
_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________	

_________________________________________________________________________________________________________________________	

_________________________________________________________________________________________________________________________	

_________________________________________________________________________________________________________________________	

_________________________________________________________________________________________________________________________	

_________________________________________________________________________________________________________________________	

_________________________________________________________________________________________________________________________	

_________________________________________________________________________________________________________________________	
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APPENDIX	A2	POLISH	ACADEMY	OF	SCIENCES	OSTEOMA	CATALOGUE	A	

Cemetery	
Assemblage	

Specimen	
Number	 Sex	

Age	
Category	

Bone	
Position	

Length	
(mm)	

Width	
(mm)	

Size	
Category	 Type	

Tomice	 T75	 F	 Adult	 Occipital	 10	 8	 large	 button	

Sandomierz	
S18b	 M	 Adult	

Left	
Parietal	 7	 6	 large	 button	

S44	 F	 Adult	
Left	

Parietal	
36	 24	 large	 button	

Milicz	

M304	 M	 Adult	

Right	
Parietal	

6	 5	 large	

disseminated	
Right	
Parietal	 1	 1	 small	

Right	
Parietal	

3	 3	 medium	

M212	 F	 Maturus	

Left	
Frontal	

3	 2	 medium	
satellite	

Left	
Frontal	 9	 8	 large	

M402	 M	 Adult	

Left	
Frontal	

5	 5	 medium	 button	

Left	
Parietal	

13	 12	 large	 button	

M367	 M	 Adultus	
Left	

Frontal	 19	 18	 large	 button	

M69	 F	 Adult	
Left	

Frontal	 6	 5	 large	 button	

M39	 F	 Adult	 Right	
Parietal	

3	 3	 medium	 button	

M74	 M	 Adult	
Left	

Frontal	 3	 3	 medium	 button	

M224	 M	 Adultus	
Right	
Frontal	 5	 4	 medium	 button	

M157	 M	 Adult	 Right	
Frontal	

6	 4	 large	 button	

M297	 M	 Adult	
Left	

Frontal	 4	 4	 medium	 button	

M4	 F	 Maturus	
Left	

Parietal	 3	 2	 medium	 button	

M362	 F	 Maturus	 Left	
Parietal	

5	 5	 medium	 button	

M306	 M	 Adult	

Left	
Parietal	 6	 4	 large	 button	

Left	
Parietal	 8	 8	 large	 button	

M301	 F	 Adult	 Right	
Frontal	

4	 3	 medium	 button	

M122	 M	 Adult	
Right	
Frontal	 4	 4	 medium	 button	

M181	 F	 Adult	
Left	

Frontal	 4	 3	 medium	 button	

M433	 F	 Adult	

Left	
Frontal	

1	 1	 small	
satellite	

Left	
Frontal	

3	 3	 medium	

M275	 F	 Adult	

Left	
Parietal	 3	 3	 medium	 button	

Right	
Parietal	

2	 2	 small	 button	

M190	 M	 Maturus	

Left	
Frontal	

4	 4	 medium	 button	

Right	
Frontal	 4	 3	 medium	 button	

M105	 F	 Adult	 Right	
Parietal	

4	 3	 medium	 button	

M176	 M	 Adult	 Right	
Frontal	

3	 3	 medium	 button	
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Cemetery	
Assemblage	

Specimen	
Number	 Sex	

Age	
Category	

Bone	
Position	

Length	
(mm)	

Width	
(mm)	

Size	
Category	 Type	

M447	 M	 Adultus	
Left	

Frontal	 2	 2	 small	 button	

M207	 M	 Adult	 Right	
Parietal	

7	 5	 large	 button	

M76	 M	 Adult	

Left	
Frontal	 4	 3	 medium	

satellite	
Left	

Frontal	 2	 2	 small	

Right	
Frontal	

4	 4	 medium	 button	

Right	
Frontal	 2	 2	 small	

nested	
Right	
Frontal	 2	 2	 small	

Right	
Frontal	

2	 2	 small	

M276	 M	 Adult	
Left	

Frontal	 3	 3	 medium	 button	

M25	 M	 Maturus	
Right	
Parietal	 14	 13	 large	 button	

M143	 M	 Adult	 Right	
Frontal	

4	 3	 medium	 button	

M293	 F	 Adult	
Right	
Frontal	 3	 3	 medium	 button	

M44	 M	 Adult	
Left	

Parietal	 6	 6	 large	 button	

M237b	 F	 Adult	

Left	
Parietal	

4	 4	 medium	
nested	

Left	
Parietal	

2	 2	 small	

M228	 F	 Adult	
Left	

Frontal	 6	 5	 large	 button	

M200	 F	 Adult	 Left	
Frontal	

5	 5	 medium	 button	

M93a	 F	 Adult	 Left	
Parietal	

14	 14	 large	 button	

M337	 F	 Adult	
Left	

Frontal	 8	 5	 large	 button	

M82c	 F	 Adult	 Right	
Parietal	

4	 3	 medium	 button	

M124b	 M	 Adult	 Left	
Frontal	

3	 2	 medium	 button	

M8a	 M	 Adult	
Left	

Frontal	 28	 27	 large	 button	

M332	 F	 Adult	 Occipital	 4	 4	 medium	 button	

M54a	 M	 Adult	

Left	
Frontal	

6	 4	 large	 button	

Right	
Frontal	

3	 3	 medium	 button	

M63	 M	 Adult	
Right	
Parietal	 7	 4	 large	 button	

M206	 F	 Adult	

Right	
Parietal	

14	 13	 large	 button	

Right	
Frontal	

2	 2	 small	 satellite	

Right	
Frontal	 5	 4	 medium	 satellite	

M104	 M	 Adult	
Right	
Parietal	

9	 7	 large	 button	

M28a	 M	 Adult	 Right	
Parietal	

7	 7	 large	 button	

M25a	 M	 Adult	
Right	
Parietal	 14	 13	 large	 button	

Gródek	nad	
Bugiem	

GB179	 M	 Adultus	
Left	

Parietal	
5	 5	 medium	 button	

GB368	 F	 Maturus	 Left	
Parietal	

7	 6	 large	 button	
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Cemetery	
Assemblage	

Specimen	
Number	 Sex	

Age	
Category	

Bone	
Position	

Length	
(mm)	

Width	
(mm)	

Size	
Category	 Type	

GB441	 M	 Adult	
Right	
Parietal	 3	 3	 medium	 button	

GB4	 M	 Adult	

Left	
Frontal	

4	 3	 medium	

satellite	
Left	

Frontal	 2	 2	 small	

Left	
Frontal	 2	 2	 small	

GB228	 M	 Adult	 Right	
Parietal	

13	 11	 large	 button	

GB74	 F	 Adult	

Left	
Frontal	 2	 1	 small	 button	

Right	
Frontal	 2	 2	 small	 button	

GB348	 M	 Adult	 Left	
Parietal	

2	 2	 small	 button	

GB455	 M	 Adult	
Left	

Frontal	 5	 5	 medium	 button	

GB1a	 M	 Adult	
Right	
Frontal	 3	 3	 medium	 button	

GB250a	 F	 Adult	 Left	
Frontal	

3	 2	 medium	 button	

Pawłów	

P7	 M	 Adult	

Mid	
Frontal	 6	 4	 large	

disseminated	
Right	
Frontal	 3	 2	 medium	

Right	
Frontal	

4	 3	 medium	

P14	 F	 Adult	 Right	
Frontal	

4	 3	 medium	 button	

P47	 F	 Maturus	
Right	
Frontal	 5	 4	 medium	 button	

P40	 F	 Adult	 Left	
Frontal	

5	 4	 medium	 button	

Wrocław	

WE63a	 M	 Adult	 Occipital	 17	 17	 large	 button	

WE48a	 F	 Adult	
Left	

Frontal	 4	 3	 medium	 button	

WE91	 M	 Adult	 Bregma	 10	 9	 large	 button	

WE54a	 F	 Adult	
Left	

Parietal	 4	 4	 medium	 button	

WD80	 M	 Maturus	

Right	
Frontal	

3	 3	 medium	

disseminated	

Right	
Frontal	 8	 6	 large	

Right	
Frontal	 10	 7	 large	

Right	
Frontal	

4	 3	 medium	

WJ23	 M	 Maturus	

Left	
Frontal	 4	 4	 medium	

satellite	
Left	

Frontal	 4	 3	 medium	
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APPENDIX	A3	POLISH	ACADEMY	OF	SCIENCES	OSTEOMA	CATALOGUE	B	

GB1A,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

	
	
	
	
	
	
	

	
	

GB4,	CRANIUM	WITH	SATELLITE	OSTEOMA	ON	FRONTAL		

GB74,	CRANIUM	WITH	TWO	BUTTON	OSTEOMATA	ON	FRONTAL		
GB179,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	LEFT	PARIETAL	
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GB228,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT		
PARIETAL	

GB250A,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

GB348,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	LEFT	PARIETAL		

	
	
	
	
	

GB368,	CRANIUM	WITH	BUTTON	OSTEOMA	ADJACENT	TO	
BREGMA	
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GB441,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	
GB455,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

	
	
	
	

M4,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	 M8A,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
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M25,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	

M28A,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	
	
	
	
	
	
	
	
	
	
	
	
	
	

M39,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	 M44,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	LEFT	PARIETAL		
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M54,	CRANIUM	WITH	TWO	BUTTON	OSTEOMATA	ON	FRONTAL	
M63,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	

	
	
	
	
	
	
	

M69,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

	
	
	
	
	
	
	
	
	
	
	
	

M74,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
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M82C,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	

	
	
	
	
	
	
	
	
	
	

M93A,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

M104,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	
M105,	CRANIUM	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	
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M122,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	 M124B,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL		

	
	
	
	
	
	
	
	
	
	
	

	
	
	

M143,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	 M157,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	
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M176,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	 M181,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

M190,	CRANIUM	WITH	TWO	BUTTON	OSTEOMATA	ON	FRONTAL	 M200,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
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M206,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	
	M206,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

M207,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

M224,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
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M228,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
M237B,	CRANIUM	WITH	NESTED	OSTEOMA	ON	LEFT	PARIETAL	

M275,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	LEFT	PARIETAL	 M275,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	RIGHT	PARIETAL	
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M276,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

M293,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

M297,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	 M301,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
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M304,	CRANIUM	WITH	DISSEMINATED	OSTEOMA	ON	THE	RIGHT	
PARIETAL	

	
	

M306,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

	
	
	
	
	
	

	
	

M332,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	OCCIPITAL	 M362,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	LEFT	PARIETAL	
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M367,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

		
	
	
	

	
	
	
	
	

M402,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	LEFT	PARIETAL	

	
	
	
	
	

M402,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
	M433,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
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	M447,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

		
	
	
	
	

	
	

P7,	CRANIUM	WITH	DISSEMINATED	OSTEOMA	ON	FRONTAL	

P40,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	

	
	
	
	

P47,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
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S18B,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	LEFT	PARIETAL	

	
	
	
	
	
	
	
	
	
	
	
	

T75,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	OCCIPITAL	

	

WD80,	CRANIUM	WITH	DISSEMINATED	OSTEOMA	ON	FRONTAL		
WE48A,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	FRONTAL	
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WE54A,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	LEFT	PARIETAL	 WE63A,	CRANIUM	WITH	BUTTON	OSTEOMA	ON	OCCIPITAL	
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APPENDIX	A4	POLISH	ACADEMY	OF	SCIENCES	RADIOGRAPH	CATALOGUE	

GB443	CRANIUM,	SUPERIOR	AND	LATERAL	VIEWS	 M8	CRANIUM,	LATERAL	AND	SUPERIOR	VIEWS		

M93	CRANIUM,	LATERAL	AND	SUPERIOR	VIEWS		

	
	

	
M142	(LEFT	HUMERUS)	&	S19B	(RIGHT	HUMERUS),	

ANTERIOR	VIEW	
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M212CRANIUM,	LATERAL	AND	SUPERIOR	VIEWS	 M367	CRANIUM,	SUPERIOR	AND	LATERAL	VIEWS	

P5	OSSA	COXAE,	ANTERIOR	VIEW	 P5	CRANIUM,	SUPERIOR	AND	LATERAL	VIEWS	
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P61	(LEFT	TIBIA),	M167	(RIGHT	TIBIA)	&	T19	(RIGHT	
TIBIA),	POSTERIOR	VIEW	 WE63	CRANIUM,	LATERAL	AND	SUPERIOR	VIEWS	

	
	
	

WO83	(LEFT	TIBIA),	M265	(LEFT	TIBIA),	M265	(RIGHT	
TIBIA),	POSTERIOR	VIEWS	
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APPENDIX	A5	POLISH	ACADEMY	OF	SCIENCES	ASSEMBLAGE	DATA	

Please	see	pages	309-314.	



ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
4 21.08.2015 + + + + + + + + M mt
21 21.08.2015 + + + + M mt
24 21.08.2015 + + + + + + F ad
29 21.08.2015 + + + + + + + F mt
31 21.08.2015 + + + + + Sub
32 19.06.2015 + + + + + + + + M ad
33 19.06.2015 + + + + Sub
38 17.08.2015 + + + + + + F ad
40 19.06.2015 + + + + + + + M ad
44 19.06.2015 + + + + + + M ad
47 19.06.2015 + + + + + + + + + M mt
52 21.08.2015 + + + + F ad
54 17.08.2015 + + + + I adult
59 17.08.2015 + + + + + + + + F ad
60 21.08.2015 + + + + + + + + M ad
63 21.08.2015 + + + + + + M ad
67 21.08.2015 + + + + M mt
68 18.06.2015 + + + + F ad
69 18.06.2015 + + + + I ad
72 18.06.2015 + + + + + + + M mt
74 18.06.2015 + + + + M adult
80 18.06.2015 + + + + + + + M mt
85 18.06.2015 + + + + M ad
86 18.06.2015 + + + + M ad
88 18.06.2015 + + + + + I adult
89 18.06.2015 + + + F ad
91 19.06.2015 + + + + + M ad
92 19.06.2015 + + + + + + F adult
99 19.06.2015 + + + + + + + M mt
102 19.06.2015 + + + + + + M ad
107 19.06.2015 + + + + I adult
109 19.06.2015 + + + + + + M ad
114 18.06.2015 + + + + + I adult
119 18.06.2015 + + + + + + + + Sub
121 19.06.2015 + + + + Sub
135 19.06.2015 + + + + F ad

ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
6 23.09.2015 + + + + F mt
13 23.09.2015 + + + + F ad
16 23.09.2015 + + + + + + + F ad
19 23.09.2015 + + + + M adult
20 21.09.2015 + + + + + + + F mt
21 23.09.2015 + + + + F mt
23 21.09.2015 + + + + F ad
29 21.09.2015 + + + + + + M mt
30 21.09.2015 + + + + M ad
31 21.09.2015 + + + + + + M ad
42 22.09.2015 + + + I adult
43 23.09.2015 + + + + I adult
44 23.09.2015 + + + + M ad
46 21.09.2015 + + + + + + M mt
52 23.09.2015 + + + + + I mt
56 23.09.2015 + + + + + F ad
57 21.09.2015 + + + I juv
76 22.09.2015 + + + + + + + + M ad
79 22.09.2015 + + + + + + I adult
83 22.09.2015 + + + + I ad
86 22.09.2015 + + + + + + + + F ad
87 21.09.2015 + + + + + + + + F ad
91 23.09.2015 + + + + + + F mt
92 22.09.2015 + + + + + + M ad
96 22.09.2015 + + + + + + I juv
97 21.09.2015 + + + + + + + + M ad
104 21.09.2015 + + + M adult
107 22.09.2015 + + M adult
110 23.09.2015 + + + + + + + F ad
111 21.09.2015 + + + + + + + M mt
113 22.09.2015 + + + + I adult
115 22.09.2015 + + + + + + + + F ad
116 21.09.2015 + + + M ad
118 22.09.2015 + + + + M adult
120 21.09.2015 + + + + M adult
121 22.09.2015 + + + I ad
122 21.09.2015 + + + + + M mt
123 21.09.2015 + + + F ad
124 22.09.2015 + + + + I adult
127 22.09.2015 + + + + M mt
128 22.09.2015 + + + + + F ad
129 21.09.2015 + + + + M adult
136 21.09.2015 + + + + + + + + F ad
137 21.09.2015 + + + + + + + M ad
138 21.09.2015 + + + + + + F mt
140 21.09.2015 + + + + + M ad
141 21.09.2015 + + + + + + + + + M mt
146 21.09.2015 + + + + + + + M ad
148 21.09.2015 + + + + + + + + + F ad
150 21.09.2015 + + + + I adult
153 21.09.2015 + + + + + + + I juv
156 21.09.2015 + + + + M ad
158 21.09.2015 + + + + + + M mt
160 21.09.2015 + + + M adult
162 22.09.2015 + + + + + + + + F ad
163 21.09.2015 + + + M ad
169 22.09.2015 + + + + + + + + + M ad
174 22.09.2015 + + + + + + + + F mt
175 23.09.2015 + + + + + + + + M ad
179 23.09.2015 + + + + + M mt
181 21.09.2015 + + + I adult
186 21.09.2015 + + + + + + F ad
187 23.09.2015 + + + + F ad
188 23.09.2015 + + + + + + + + F mt
191 17.09.2015 + + + + F ad
194 17.09.2015 + + + + + F ad
197 17.09.2015 + + + + F ad
203 21.09.2015 + + + M mt
204 21.09.2015 + + + + + + F mt
213 23.09.2015 + + + + + + M ad
219 17.09.2015 + + + I adult

Wrocław-plac Dominikański

Wrocław-Ołbin
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ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
223 21.09.2015 + + + + + + + F juv
225 21.09.2015 + + + I ad
227 17.09.2015 + + + M mt
229 21.09.2015 + + + + + + + M ad
231 21.09.2015 + + + + + M ad
233 21.09.2015 + + + + + + + + F ad
246 21.09.2015 + + + + + F ad
307 23.09.2015 + + + + M mt
331 21.09.2015 + + + M ad
107a 23.09.2015 + + + + + + F ad
112a 22.09.2015 + + + + F ad
137a 21.09.2015 + + + M ad
145a 21.09.2015 + + + I adult

ID # Date Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
14 29.09.2015 + + + + + + + M mt
29 25.09.2015 + + + + F adult
93 25.09.2015 + + + + + + + + + F mt
94 25.09.2015 + + + + + + + + + M ad
95 2.10.2015 + + + + + + + + F mt
97 2.10.2015 + + + + + + F adult
99 25.09.2015 + + + + + + + + + M mt
105 2.10.2015 + + + + + + + M mt
427 2.10.2015 + + + + + I adult
`91-1 2.10.2015 + + + + + + + + I ad
63a 25.09.2015 + M adult
48a 25.09.2015 + F Adult
91 25.09.2015 + M adult
54a 25.09.2015 + F adult

ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
3 25.11.2015 + + + + + + + + F ad
5 19.11.2015 + + + + + + M mt
8 19.11.2015 + + + + + F mt
11 25.11.2015 + + + + + + M mt
12 19.11.2015 + + + + + + + F sn
14 25.11.2015 + + + + + F mt
15 19.11.2015 + + + + + M mt
18 19.11.2015 + + + + + + M ad
22 25.11.2015 + + + + + F ad
23 19.11.2015 + + + + + + + + M mt
25 19.11.2015 + + + + + + F mt
29 25.11.2015 + + + M ad
39 25.11.2015 + + + + I ad
41 19.11.2015 + + + + + I adult
46 25.11.2015 + + + + + + M mt
47 19.11.2015 + + + + + M ad
49 19.11.2015 + + + + + + + F mt
52 25.11.2015 + + + + + M ad
54 19.11.2015 + + + + + + + F mt
55 19.11.2015 + + + + + M mt
56 25.11.2015 + + + + M mt
57 19.11.2015 + + + + F mt
59 25.11.2015 + + + M ad
62 19.11.2015 + + + + + F ad
63 19.11.2015 + + + + + + + F mt
70 19.11.2015 + + + + + + + + M ad
73 25.11.2015 + + + + + + + F ad
77 19.11.2015 + + + + + + + + + M mt
87 19.11.2015 + + + + + F ad
90 19.11.2015 + + + + + + + + F ad
98 25.11.2015 + + + + + + F ad
100 25.11.2015 + + + + M ad
102 19.11.2015 + + + + + + + M ad
103 25.11.2015 + + + + + + F mt
104 25.11.2015 + + + + + + + M ad
107 25.11.2015 + + + + + + F mt
108 25.11.2015 + + + + F ad
109 19.11.2015 + + + + + + + I ad
111 25.11.2015 + + + + + + + M ad
112 25.11.2015 + + + + + F ad
114 19.11.2015 + + + + + M mt
115 25.11.2015 + + + + + + + I ad
117 19.11.2015 + + + + F mt
119 19.11.2015 + + + + + M mt
121 25.11.2015 + + + + + F ad
108a 19.11.2015 + + + + + + + F mt
13a 19.11.2015 + + + + + + + + F ad
13b 19.11.2015 + + + + M mt
15a 19.11.2015 + + + + F ad
24a 25.11.2015 + + + + + + + + F ad
7a 19.11.2015 + + + I ad
7b 19.11.2015 + + + + + + + M ad
B 19.11.2015 + + + + + + + M mt

ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
4 7.09.2015 + + + + + + + + + F mt
6 11.09.2015 + + + F ad
7 9.09.2015 + + + + + M juv
9 11.09.2015 + + + + M ad
10 2.09.2015 + + + + F adult
12 8.09.2015 + + + + + M mt
13 9.09.2015 + + + + + + F juv
15 2.09.2015 + + + + + F mt
17 3.09.2015 + + + + M adult
18 8.09.2015 + + + + + M mt
22 2.09.2015 + + + + F adult
25 9.09.2015 + + + + + + + + M mt
30 3.09.2015 + + + + F adult
32 8.09.2015 + + + + F adult
33 7.09.2015 + + + + + F juv
34 7.09.2015 + + + + F adult
36 8.09.2015 + + + + M adult
38 3.09.2015 + + + + + + + + M mt
39 3.09.2015 + + + + + + F mt
47 9.09.2015 + + + + + + + + F mt
48 7.09.2015 + + + + F adult
49 2.09.2015 + + + + + M mt
51 9.09.2015 + + + + + M ad
53 1.09.2015 + + + + + M ad
58 31.08.2015 + + + + F adult
61 9.09.2015 + + + + F adult
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ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
62 11.09.2015 + + + + F ad
64 7.09.2015 + + + + + M mt
68 7.09.2015 + + + + + M ad
69 2.09.2015 + + + + F adult
73 9.09.2015 + + + + M adult
74 3.09.2015 + + + + + + + + M mt
75 8.09.2015 + + + M adult
76 9.09.2015 + + + + + M mt
77 9.09.2015 + + + M adult
78 8.09.2015 + + + + M adult
79 2.09.2015 + + + + F adult
80 2.09.2015 + + + + + + + F ad
81 8.09.2015 + + + + M ad
82 3.09.2015 + M adult
83 4.09.2015 + + + M adult
85 8.09.2015 + + + + + + F adult
86 7.09.2015 + + + + + M ad
88 9.09.2015 + + + + + M ad
90 8.09.2015 + + + + sub
91 9.09.2015 + + + M adult
92 2.09.2015 + + + + F adult
96 7.09.2015 + + + + F adult
98 7.09.2015 + + + + F adult
99 9.09.2015 + + + + + + + + F juv
100 10.09.2015 + + + + M ad
101 7.09.2015 + + + + + + + M ad
105 9.09.2015 + + + F ad
106 9.09.2015 + + + + + + + M adult
107 7.09.2015 + + + + M ad
108 11.09.2015 + + + + I ad
110 2.09.2015 + + + + M adult
114 2.09.2015 + + + + M adult
122 7.09.2015 + + + + M adult
123 1.09.2015 + sub
124 9.09.2015 + + + + F adult
127 31.08.2015 + + + M adult
135 8.09.2015 + + + + sub
142 7.09.2015 + + + + F adult
144 9.09.2015 + + + + + M mt
147 2.09.2015 + + + + M adult
148 7.09.2015 + + + + F adult
149 8.09.2015 + + + + F adult
150 11.09.2015 + + + I adult
152 9.09.2015 + + + + M adult
153 7.09.2015 + + + + F adult
155 3.09.2015 + + + + + + M adult
157 7.09.2015 + + + + + + M adult
158 8.09.2015 + + + + + M mt
160 9.09.2015 + F adult
161 8.09.2015 + + + + F adult
164 2.09.2015 + + + + + F adult
168 7.09.2015 + + + + F adult
169 8.09.2015 + + + + F adult
170 8.09.2015 + M adult
171 3.09.2015 + + + + F adult
172 3.09.2015 + + + + F adult
173 3.09.2015 + M adult
174 9.09.2015 + + + + F adult
175 8.09.2015 + + + + M adult
176 9.09.2015 + + + + M adult
177 3.09.2015 + + + + + M ad
178 2.09.2015 + + + + M adult
179 8.09.2015 + + + + + + + F mt
181 8.09.2015 + + + F adult
184 7.09.2015 + + + + M adult
185 9.09.2015 + + + + M adult
189 4.09.2015 + + + + M adult
190 8.09.2015 + + + + + + + M mt
191 11.09.2015 + + + F ad
192 9.09.2015 + + + + F adult
198 2.09.2015 + + + + F adult
201 11.09.2015 + + + F ad
202 7.09.2015 + + + + M adult
203 9.09.2015 + F adult
207 9.09.2015 + + + + M adult
208 8.09.2015 + + + + F adult
209 9.09.2015 + + + + F juv
212 31.08.2015 + + + + F mt
215 7.09.2015 + + + + + + + M ad
218 9.09.2015 + + + + F adult
220 15.09.2015 + + + + M ad
221 3.09.2015 + + + + F adult
224 3.09.2015 + + + + + + + + + M ad
225 9.09.2015 + + + + F adult
226 7.09.2015 + + + + + M ad
227 9.09.2015 + + + + M adult
230 9.09.2015 + + + + + + + + F adult
231 2.09.2015 + + + + F adult
232 4.09.2015 + + + + M adult
233 8.09.2015 + + + M adult
235 2.09.2015 + + + + F adult
238 7.09.2015 + + + + + + + + + M mt
239 10.09.2015 + + + + M ad
242 8.09.2015 + + + M adult
243 10.09.2015 + + + + I ad
247 9.09.2015 + + + + + + M ad
248 8.09.2015 + + + + + + + F ad
249 8.09.2015 + + + + F adult
251 9.09.2015 + + + + + + + + + M mt
253 7.09.2015 + + + F adult
254 3.09.2015 + + + + + + + + F juv
256 3.09.2015 + + + F adult
257 7.09.2015 + + + + F adult
259 9.09.2015 + + M adult
260 9.09.2015 + + F adult
261 2.09.2015 + + + + + + + + M mt
264 9.09.2015 + + + + + + + + + M juv
265 9.09.2015 + + + + + + + + M juv
266 9.09.2015 + + + + M adult
268 8.09.2015 + + + + + M ad
269 3.09.2015 + + + + + + + + F ad
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ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
274 10.09.2015 + + + + + + + + F mt
275 8.09.2015 + + + + F adult
276 9.09.2015 + + + + + + + + + M ad
278 3.09.2015 + + + + + + + F mt
281 3.09.2015 + + + + F adult
282 7.09.2015 + + + + + + + M adult
285 31.08.2015 + + + + M adult
286 2.09.2015 + + + + F adult
288 2.09.2015 + + + M adult
290 4.09.2015 + + + + F adult
291 3.09.2015 + + + + M adult
292 7.09.2015 + + + + F adult
297 7.09.2015 + + + M adult
299 9.09.2015 + F adult
301 7.09.2015 + + + + F adult
306 7.09.2015 + + + + + + + + + M ad
315 3.09.2015 + + + + F adult
316 9.09.2015 + + + + F adult
318 9.09.2015 + + + F ad
338 7.09.2015 + + + + M adult
340 10.09.2015 + + + + + I ad
343 9.09.2015 + + + + M adult
344 10.09.2015 + + + + + + M mt
347 7.09.2015 + + + + + M ad
349 2.09.2015 + + + + + + M mt
352 9.09.2015 + + + + + + + + + M mt
353 8.09.2015 + + + + F adult
358 10.09.2015 + + + + + + M ad
362 7.09.2015 + + + + F mt
364 3.09.2015 + + + + + + + F mt
366 9.09.2015 + + + + + + + + M ad
367 1.09.2015 + + + + + + + M ad
368 31.08.2015 + + + + + + + + M ad
369 10.09.2015 + + + + + + + I adult
370 10.09.2015 + + + + + + F ad
371 14.09.2015 + + + + M ad
376 8.09.2015 + + + + F adult
380 10.09.2015 + + + + + + + M mt
382 9.09.2015 + + + + + + + + + M mt
389 9.09.2015 + + + + M adult
395 9.09.2015 + + + + F adult
396 4.09.2015 + + + + + M ad
401 8.09.2015 + + + + F adult
402 31.08.2015 + + + + + + + M mt
403 15.09.2015 + + + I adult
407 7.09.2015 + + + + F adult
410 9.09.2015 + + + + M adult
411 9.09.2015 + + + + + + + + + M ad
412 15.09.2015 + + + I ad
413 8.09.2015 + + + + F adult
416 7.09.2015 + + + + F adult
418 9.09.2015 + + + + M adult
420 15.09.2015 + + + I adult
422 9.09.2015 + + + + sub
425 14.09.2015 + + + + + + M ad
429 9.09.2015 + + + + + + F ad
433 8.09.2015 + + + + F adult
438 9.09.2015 + + + + + + F ad
441 7.09.2015 + + + + F adult
445 7.09.2015 + + + + M adult
446 8.09.2015 + + + + F adult
447 9.09.2015 + + + + + + M ad
448 14.09.2015 + + + + F ad
451 3.09.2015 + + + + + + + F ad
453 3.09.2015 + + + + F adult
456 11.09.2015 + + + + + M ad
458 3.09.2015 + + + + + + + M mt
110a 14.09.2015 + + + + F ad
142a 15.09.2015 + + + + F ad
167a 31.08.2015 + F mt
225a 15.09.2015 + + + + + + + M ad
245a 31.08.2015 + + + + I adult
245b 1.09.2015 + + + + M adult
27a 7.09.2015 + + + + + M ad
298a 8.09.2015 + + + + + F juv
77a 9.09.2015 + + + + + + + + + M mt
8b 14.09.2015 + + + + M ad
BN1 7.09.2015 + + + + I juv
44 3.09.2015 + M adult
63 9.09.2015 + M adult
104 9.09.2015 + M adult
143 2.09.2015 + M adult
200 7.09.2015 + F adult
206 9.09.2015 + F adult
228 7.09.2015 + F adult
293 3.09.2015 + F adult
304 31.08.2015 + M adult
332 8.09.2015 + F adult
337 7.09.2015 + F adult
342 1.09.2015 + F adult
124b 8.09.2015 + M adult
28a 9.09.2015 + M adult
54a 8.09.2015 + M adult
82c 8.09.2015 + F adult
8a 8.09.2015 + M adult
93a 7.09.2015 + F adult

ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
3 24.09.2015 + + + + + + + M ad
4 24.09.2015 + + + + + + + + M mt
10 24.09.2015 + + + + + + F ad
13 24.09.2015 + + + + + + + + F mt
14 24.09.2015 + + + + + + + F mt
16 24.09.2015 + + + + + + + + M ad
17 24.09.2015 + + + + F ad
18 24.09.2015 + + + + + F juv
19 24.09.2015 + + + + + + + + M ad
30 24.09.2015 + + + + + + + F ad
33 24.09.2015 + + + + + + + + F mt
34 24.09.2015 + + + + + + + + M ad
37 24.09.2015 + + + + sub
39 24.09.2015 + + + + + + + + M ad
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ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
40 24.09.2015 + + + + + + M juv
42 24.09.2015 + + + + + + M mt
43 24.09.2015 + + + + + + + + F mt
44 24.09.2015 + + + + + + F mt
45 24.09.2015 + + + + + + + + + F ad
61 24.09.2015 + + + + + + + F ad
65 24.09.2015 + + + F ad
75 24.09.2015 + F adult

ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
3 29.09.2015 + + + + I adult
5 30.09.2015 + + + + + + + + + F mt
6 30.09.2015 + + + + + + + + + F mt
7 30.09.2015 + + + + + + F ad
8 29.09.2015 + + + + + + + + + F mt
9 30.09.2015 + + + + + + + + M ad
11 30.09.2015 + + + + + + + + + F mt
12 29.09.2015 + + + + + + M mt
13 29.09.2015 + + + + + + + + + M mt
14 30.09.2015 + + + + + + + + + F mt
16 29.09.2015 + + + + + + + + + F mt
19 29.09.2015 + + + + + + + F ad
20 29.09.2015 + + + + + + + + + M ad
21 30.09.2015 + + + + + + + + M ad
22 29.09.2015 + + + + SUB
25 30.09.2015 + + + + + + + + M ad
29 30.09.2015 + + + + + M ad
30 29.09.2015 + + + + + + + + + F mt
31 30.09.2015 + + + + + F mt
32 30.09.2015 + + + + I adult
34 29.09.2015 + + + + + M ad
37 30.09.2015 + + + + + + + + + F mt
38 30.09.2015 + + + + + M adult
40 29.09.2015 + + + + + + + + + F mt
42 30.09.2015 + + + + + + + M mt
44 29.09.2015 + + + + + + + + + F mt
46 29.09.2015 + + + + + + + + + M ad
47 30.09.2015 + + + + + + + + + F mt
49 30.09.2015 + + + + + + + + F mt
50 29.09.2015 + + + + + + + + F mt
51 30.09.2015 + + + + + + + + + F mt
53 30.09.2015 + + + + + + + + F juv
55 29.09.2015 + + + + + M mt
57 29.09.2015 + + + + + + + + + M mt
58 29.09.2015 + + + + + + + + F ad
59 29.09.2015 + + + + sub
60 29.09.2015 + + + + + + + + + M ad
61 30.09.2015 + + + + + + + + + M mt
64 30.09.2015 + + + + + + + + M ad
65 29.09.2015 + + + + + + F mt
66 30.09.2015 + + + + + + + + + M mt
68 29.09.2015 + + + + sub
69 30.09.2015 + + + + + + + + + F mt
70 29.09.2015 + + + + + + + + + F ad
71 30.09.2015 + + + + + + + + + M mt
72 29.09.2015 + + + + + + + + + F ad
73 29.09.2015 + + + + + F juv
74 29.09.2015 + + + + + + + + + M mt
75 29.09.2015 + + + + + + + + + M mt

ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
4 5.10.2015 + + + + + + + + F ad
5 5.10.2015 + + + + + + + + M ad
6 5.10.2015 + + + + + + + + + M ad
7 5.10.2015 + + + + + + + + M juv
8 5.10.2015 + + + + + + + + F mt
12 5.10.2015 + + + + + + + + F ad
14 19.10.2015 + + + + + + + + M ad
15 5.10.2015 + + + + + + + + M mt
23 19.10.2015 + + + + i ad
25 5.10.2015 + + + + + + + + + M ad
26 5.10.2015 + + + + + + + + + F ad
27 5.10.2015 + + + + + + + + F ad
28 19.10.2015 + + + + + + + + F ad
31 5.10.2015 + + + + + + + + F mt
36 19.10.2015 + + + + + + M ad
38 5.10.2015 + + + + + + + + + M ad
40 5.10.2015 + + + + + + + + + F ad
40b 19.10.2015 + + + + + + M ad
45 19.10.2015 + + + + + + + F ad
46 5.10.2015 + + + + + + + + F ad
52 5.10.2015 + + + + + + + + + F ad
54 5.10.2015 + + + + + + + + M mt
58 5.10.2015 + + + + + i adult
62 19.10.2015 + + + + + + i adult
63 19.10.2015 + + + + + + + + + M ad
64 5.10.2015 + + + + + + + + M ad
68 5.10.2015 + + + + + + + + + F ad
69 5.10.2015 + + + + + + + + + F ad
71 5.10.2015 + + + + + + + + M mt
75 5.10.2015 + + + + + i ad
77 5.10.2015 + + + + F mt
79 5.10.2015 + + + + + + + M ad
15B 5.10.2015 + + + + + + + + i ad
38B 5.10.2015 + + + + + + + + F ad
33 6.10.2015 + + + + M adult
35 12.10.2015 + + + + + + + + F ad
38 6.10.2015 + + + + + + + + M mt
46 12.10.2015 + + + + + + + M sn
53 12.10.2015 + + + + F adult
57 12.10.2015 + + + + + + + + M ad
60 12.10.2015 + + + + + + + M ad
65 6.10.2015 + + + + + M adult
87 6.10.2015 + + + + + + F mt
88 6.10.2015 + + + + + M adult
89 6.10.2015 + + + + + F adult
90 6.10.2015 + + + + + + + + + F ad
103 6.10.2015 + + + + F adult
116 6.10.2015 + + + + M mt
126 6.10.2015 + + + + + + + + + M mt
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ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
127 12.10.2015 + + + + F mt
130 12.10.2015 + + + + M adult
133 6.10.2015 + + + + + M adult
139 6.10.2015 + + + + + + + + F mt
143 6.10.2015 + + + + + + + + F sn
145 6.10.2015 + + + + + + + + M mt
148 6.10.2015 + + + + + + M mt
156 6.10.2015 + + + + + M adult
164 12.10.2015 + + + + + + M adult
165 6.10.2015 + + + + F mt
166 14.10.2015 + + + + + + M mt
167 6.10.2015 + + + + + + M mt
170 6.10.2015 + + + + + + + + + F mt
179 6.10.2015 + + + + + + + M ad
190 6.10.2015 + + + + + + + F ad
217 6.10.2015 + + + + + + + M adult
227 6.10.2015 + + + + + + + F ad
232 6.10.2015 + + + + + + + + + M mt
233 6.10.2015 + + + + + + + F sn
238 6.10.2015 + + + + + + F mt
245 12.10.2015 + + + + + + + + + F mt
249 12.10.2015 + + + + + + + + M mt
250 6.10.2015 + + + + + F adult
260 6.10.2015 + + + + + + + + F mt
263 6.10.2015 + + + + + F ad
265 6.10.2015 + + + + + + + + + M mt
280 6.10.2015 + + + + + + + + M mt
283 6.10.2015 + + + + + + + + M mt
290 6.10.2015 + + + + + + + + + F mt
292 6.10.2015 + + + + + + + + F adult
304 6.10.2015 + + + + + + + + M mt
310 6.10.2015 + + + + + + + + F ad
312 6.10.2015 + + + + + F juv
318 6.10.2015 + + + + + + + F ad
328 6.10.2015 + + + + M adult
333 6.10.2015 + + + + + + + + + M ad
339 15.10.2015 + + + + + + + F ad
346 15.10.2015 + + + + + + + + F mt
353 6.10.2015 + + + + + + + + + M ad
368 6.10.2015 + + + + + + + + + F mt
371 6.10.2015 + + + + + + + + + M mt
373 6.10.2015 + + + + + + + + M ad
393 6.10.2015 + + + + + + + + M ad
400 6.10.2015 + + + + + + M mt
439 6.10.2015 + + + + + + + M mt
441 6.10.2015 + + + + M adult
442 6.10.2015 + + + + + sub
444 12.10.2015 + + + + + + F ad
445 6.10.2015 + + + + F juv
453 6.10.2015 + + + + + + + + + M mt
458 12.10.2015 + + + + + + M mt
250a 12.10.2015 + + + + + + + + F mt
4 6.10.2015 + M Adult
74 6.10.2015 + F Adult
228 6.10.2015 + M Adult
348 12.10.2015 + M Adult
455 12.10.2015 + M Adult
1a 12.10.2015 + M Adult

ID # Date Assessed Cranium Os Coxae Femur Tibia Humerus Vertebrae T Vertebrae L Sacpulae Ribs Sex Age
15 22.10.2015 + + + + + + + + M mt
22 22.10.2015 + + + + + + M ad
30 20.10.2015 + + + + + + + + M mt
32 20.10.2015 + + + + M ad
33 22.10.2015 + + + + + + + F ad
34 22.10.2015 + + + + + + + i ad
37 22.10.2015 + + + + + + + + i adult
106 20.10.2015 + + + + + F adult
110 22.10.2015 + + + + + + + + F ad
119 22.10.2015 + + + + + + + + i adult
128 20.10.2015 + + + + + + + + + M mt
132 22.10.2015 + + + + + + + + M mt
135 22.10.2015 + + + + + M mt
136 20.10.2015 + + + + + F mt
165 22.10.2015 + + + + + + + + F mt
196 22.10.2015 + + + + + M ad
227 20.10.2015 + + + + + + + + M ad
111a 20.10.2015 + + + + sub
111b 22.10.2015 + + + + + + + + M mt
18b 20.10.2015 + + + + + + M mt
19b 20.10.2015 + + + + + + + M mt
227a 22.10.2015 + + + + + + + M mt
227b 20.10.2015 + + + + + + + + + M mt
227e 20.10.2015 + + + + + + + M ad
44 20.10.2015 + F adult
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