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spongy tissu.e of the bcxiies of the vertebrae, which is extremely vascular. 

The first bone destruc.tion by· the invasion of the Koch bacillus; occurs 

along the upper margin of the vertebral body. The vertebra is erod.ed at 

this point, lead.ing to the destruction of the intervertebral disk, whj,lst 

the adjacent vertebra causes the d.iminution of the intervertebral space. 

In the course of time Lannelongue T s erosion begins due to compression, 

when the vertebra lying above sinks, usually on its anterior section, into 

the one lying below. At the same time the diseased vertebra slides back­

wards, because of the destruc..tion of the joint, causing the formation of 

a hump-back, which is characteristic of tuberculous spondylitis, or Pott's 

disease. This hump enlarges as the tuberculous process contimLes and 

spreads to other vertebrae. In the continuation of this process the 

diseased. vertebrae fuse together, thus bringing about their complete ank­

ylosis. When extensive destructions involve the middle of the thoracic 

region of the vertebral column, as in this case, the thorax assumes a 

particularly characteristic shape. The head appears sunken between the 

shoulders and the chin practically rests on the protruding sternum. The 

back develops severe angular kyphosis, the spaces between the ribs are 

effaced, while the organs inside the thoracic cavity (lungs, aorta, vena 

cava), are compressed causing them to malfunction. The blurred irregular 

outline of the separate ver tebr ae in the next x-r ay is pr obably due to 

the of fibrocaseous tissue 1.n the region. The deposition 

of calcium salts in the fibrocaseous tissue and the development of the 

caseous material itself are reaction mechanisms of the organism which 

help to confine the inflammation. (Furthermore an anatomical variation 

of the fifth lumbar is noted (Plate93). There is an incision-like flaw 

on the upper articular apophysis - left side - creating a deformity of 

the vertebral foramen). 

Plate 94 

Spondylitis which appears to have a tubercular aetiology, and practically 

the whole of the vertebral column has become involved. Distortion, os teo­

phytes and changes to the textu.re of the bone of these vertebrae are noted. 

On the fourth lumbar vertebra a perforation surrounded by d.ense bone tis­

sue is seen, which is probably due to a cold abcess of the psoas muscle, 

which characteristically occurs in association with tuberculosis of the 

sp1.ne (Harrison 1977, 796). (The first cervical vertebra,. atlas, shows 

m1.nor congenital variation: the two halves of the neural arch are incom­

pletely developed.) However, a fact which 1.S worth noting is that this 

probable case of tuberculosis in a young woman was found in the same 



tomb as the prevLous case mentioned. On the one hand this verifies 

both diagnoses, since. tuberculosis is a highly contagious disease. On 

the other haDd, it poses the need. to formrlate some ideas, which will be 

mentioned in the final section of this chapter (see the Discussion). 

PlateB 94 & 95 
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TIB: Arth;-opathy of the right shoulder joint of a woman aged about 45. Exto­

stoses on the lower and posterior margin of the glenoid cavity are noted. 

Exostoses also appear on the greater tubercle of the humerus (Plate 94 ). 

These osteophytes are evidently ankylotic agents. The restriction of 

movement by the ankylosis, probably aggravated the already existing post­

climateric osteopor osis which is seen in the humerus. Shadows are dis­

cerned around the centra of the three lumbars which have a thin, almost 

normal, clear outline of periosteum. Evidently there was calcification 

of the soft tissue around these vertebrae. A perforation is seen on the 

4th lumbar ver tebra, around which there is osteoblastic ac tivity. It is 

probably a sinus of a cold abcess of the psoas muscle. This is tubercu­

lous spondylitis, which is probably part of general tuberculosis of the 

bones, if the same cause is accepted for the changes at the shoulder 

joint. 

Plate 95 

71A: Complete ankylosis both of the centra and spinous apophyses of two lumbar 

vertebrae. Exostoses are observed on the inferior and superior margins 

of the vertebrae. This is possibly a case of tubercular spondylitis, d is­

cerned in the 7th cervical 7 3rd and 6th thoracic, belonging to a man aged 

about 35 years old. In the next x-ray erosion of the bone is discerned 

in all three vertebra~, while exostoses and calcification of fibr ocaseous 

tissues around the vertebral bodies is observed. It is significant that 

this case LS from the same tomb as the previous case described (7IB), 

with a psoas abcess. 

Plate 96 

118 B,ll,Z,H: Tuberculous spondylitis. Exostoses, calcification, bone destruc­

tion and deformity of the vertebral bodies, belonging to two young women 

and two young men (aged about 26,24,23 and 32 re·spectively), which were 

all found in the same tomb, is noted. The inferior margin of the centrum 

of 4th lumbar belonging to 118R appears to be severely eroded. 

List of further cases of Tuberculosis: 

Plate 96 

76Y: Lumbar vertebrae belonging to an adult male. 



Plate 97 

76X~ Thoracic and lumbar vertebrae of an adult male. 

Plate 97 

76f: Lumbar vertebra belonging to an ad ult female. 

It is worth noting that all of the above three cases are from the 

same tomb. 

Plates 96 & 97 

118f: Fourth lumbar vertebra belonging to a woman aged about 26. 

, 

J.18Z: It appears from macroscopic observation that the 6th, 7th, 9th and 10th 

thoracics am the 3rd and 4th lumbars were involved. They belonged to a 

young man aged about 23. 

118H: Thoracic and lumbar vertebrae belonging to a young man aged about 32 

years old. 

The above three cases all came from the same tomb. The last two indivi­

duals have remarkable dental hypoplasia. 

Plate 97 

20B: Right femur and 5th lumbar, belonging to a man aged about 28. 

Plate 98 

35f: The 2nd, 3rd and 4th lumbars of a man aged about 35 years old. 

Plate 98 

10-1: 1st, 2nd, 3rd and 4th lumbars of a man aged about 34 years. 

9.8 Spondylitis: Rheumatic, Degenerative and Ankylosing 

Plate 98 
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67B: The lumbar section of the vertebral column of a man aged about 31 years 

old. All five vertebrae are porotic, with marked osteophytes and exos­

toses on the vertebral bodies and on the spinous processes mainly on the 

2nd, 3rd and.. 4th lumbars. On the posterior part of the inferior surface 

of the 3rd lumbar there are two depressions. Similar depressions are 

observed on the superior surface of the 5th lumbar. All the vertebrae -

mainly the first, to a lesser degree the second, still less the 3rd and 

4th - appear to be deformed. Finally the umbrella-shaped exostoses on 

the articu lar surfaces of the vertebrae are typical .of ankylosing spondy­

Ii tis, which is the probable diagnosis of this case due to a degenerative 

or rheumatic aetiology. 



Plate 98 

-77A: Arthritis ~n a man aged 40 years old. Ankylosis of both thoracic verte­

brae, exostoses ani osteophytes are observed. The lower vertebra has 

collapsed and the spinal canal appears deformed. This deformity may, 

have had neurological consequences for this man. 

Plate 99 
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20E: ArtbOpathy ~n a man estimated to be over 80 years of age. The congenital 

absence of the neural arch and spinous process of the 5th lumbar is 

observed. Spina bifida occulta in this mature individual was probably 

asymptomatic. Complete ankylosis of the pelvic bones is discerned. 

There are exostoses round the margins of the ace tabulae. The osteopor­

osis observed is of a degree corresponding to the age of this person. 

Plate 100 

55A: The whole of the vertebral column and the sacrum excepting theIst lumbar 

which ~s absent, of a man aged about 30. Osteophytic prominences are 

noted on the centra of the lower thoracic and lumbar vertebrae. On the 

10th and 11th thoracics rarefying changes are noted on the vertebral 

bodies which have a linear shape; macroscopically these look like scars 

on the intervertebral surfaces. The degenerative change on the 10th 

thoracic is surrounded by a thin layer of compact bone tissue. The neural 

arch of the 2nd lumbar appears to be fractured, possibly after spondylo­

lithesis. These changes are probably of a rheumatic or degener.ative 

aetiology. It is noted that in the same individual the opening of the 

sacral canal extends down to the second segment of the sacrum. 

Plate 100 

10lI': Osteophytes and exostoses are noted on the porotic 7th cervicalvertebra 

belonging to a woman over 40 years of age. This is a case of degenera~ 

tive spondyloarthritis, perhaps of rheumatic aetiology, which spread to 

the whole of the vertebral column; the changes and compression of the 

bodies increase in severity from top to bottom. Osteophytes and exosto­

ses are observed on the superior surface of the sacralised 5th lumbar 

and on the remaining lumbar and thoracic vertebrae. Compression of the 

vertebral bodies and collapse of the intervertebral disks is observed 

in the lumbar region. 

Plate 101 

95H: Degenerative vertebral arthropathy, probably of a rheumatic aetiology, 

in a man aged about 40 years old. 



Plate 101 

103E: A man about 40 years old, with degenerative vertebral arthropathy accom­

panied by senile osteoporosis. Thever tebrae appear compressed and 

deformed, with zones of porotic rarefaction, osteophytes and exostoseL 

Rheumatoici'artbritic changes are noted in the finger bones. 

Plate 101 

Pigi 4: Degenerative artROpathy of the spine. There are osteophytes on the 
J<.. 

thoracic section of the vertebral colunm. The centra of the lumbar 

ver tebr ae are d istortei and the spinous processes ankylosed. 

List of further cases of Rheumatoid Spondylitis: 

Plate 101 

nf: 3rd lumbar belonging to an adult male. 

Plate 101 

32A: Sacrum belonging to a woman aged about 29 years. 

Plate 102 

953: Vertebrae belonging to an adult female. 

9.9 Anatomical Varia dons of the Ver tebral Colunm 

Plate 102 
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84H: Sacrum with partial, unilateral sacralisation of the 5th lumbar. ClU:S6! P:l~52) 

86E: Incomplete sacralisation of the 5th lumbar vertebra. The spinal canal 

continues down the sacral section .. The segments of the sacrum are incom­

pletely ossified on the anterior surface of the bone. It belongs to a 

woman aged ab ou t 19 year sold. 

79f: Sacrum belonging to a woman aged about 23 years, ~n which the laminae 

have failed to develop proper ly. On the posterior sur face the spinal 

canal remained. open d.own to the 4th segement of the sacrum. 

lIE: Sacralisation of the 5th lumbar in a man aged about 2S years. 

69B:Lumbarisation of the sacral vertebrae ~n a woman about 50 years old. 

73~T: Spina bifida in a man aged about 26. Exostoses are observed on the rup­

er~or surface of the 1st sacral vertebra. Exostoses were also observed 

macroscopically, on the superior surface of the 5th lumbar~ 

T9H: Partial sacralisation of the 5th lumbar, ~n a woman aged about 24. 

Plate 103 

78Z: A large triangular-shaped sacral f issure ~s observed ~n a man aged about 



30 years. Osteophytes are observed on the superior articular surface 

of the sacrum. 

84A: The sacral canal lS open down to the second sacral segment, and from the 

4th segment clown there is a clefective development of the vertebral lafu­

inae. The sacrum belongs to a man aged. about 43. 

766~ Sacralisation of the 5th lumbar vertebra, belonging to a man aged about 

30. 

77A: Sacralisation of the 5th lumbar vertebra, belonging to a man aged about 

40. 

(77B: Osteophytes on the superior articular surface of the first sacral verte­

bra and round the sacro-iliac joint. There is a depression wh~h runs 

cliagonally across the surface of the 1st sacral vertebra: in the x-ray 

(a-p view), this is V-shaped and defined by a thin layer of per iosteal 

bone. The sacrum belongs to a man aged about 25 years old. ) 

Plate 104 

7ar: Osteophytes on the superior articular surface of the first sacral verte­

bra. The spinal canal is open from the 3rd sacral segment downwards. 

The sacrum belongs to a man aged about 23. 

78~T: Sacralisation of the 5th lumbar vertebra, on the superior surface of 

which osteophytes are observed. (The 5th sacral segment is missing). 

The sacrum belonged to a man aged about 20. 

79Z: Spina bif ida, due to the absence of the neur al arch and spinous process 

of 5th lumbar, while the opening of the sacral canal is large. The 1st 

and 2nd segments of the sacrum are not yet fully ossified. This is a 

male, aged approximately 29 years old. (See also Plate 47) 
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(7~: Morphologically normal sacrum, belonging to a young man about 20 years, 

old; the segments of the sacrum are not yet completely ossified. The sacral 

canal is open from the bottom of the 3rd segment.) 

86H: Sacralisation of the 5th lumbar of a male, about 29 years old. 

85A: Unilateral sacralisation of the 5th lumbar on the right side, with marked 

presence of osteophytes on the sacrum and 4th lumbar, belonging to a 

woman aged' about 23 years old. 

Comment on Plates 

It is most probable that the anatomical variations of the sacra in 

these x-rays were asymptomatic. Moreover, it lS certain that none of 

them bore any relation to the caUse of death, as is proved by the ages 



of their owner s, because such anomalies would. br ing about death almost 

simultaneously with birth, or a little later. In cases of neoarthrosis 

(lumbar isation) it is possible that lumbago or sciatica was exper ienced 

when movements required hyperextension or the lifting of heavy objec ts. , 
In the case of sacral spina bificta, which might have been accompanied 

by a dermal cyst with a tuft Qf hairs and hairy pores (bu t may also have 

been completely asymptomatic, given that to:lay it OCCUTS in 17% of the 

normal Greek population (Matsaniotis 1972, Vol. 2, 1172), and is found 

accidently when radiographic examination has been occasioned for some 

other reason), even if it was relatively easy for these ind ividuals to 
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be attacked. by meningococcus or some other virus - due to the hairy pores, 

for instance - recovery from meningitis would have been difficult, or at 

least more difficult than it is to:lay. This question brings to mind some 

cases of trephination of the skull am the survival of certain imividuals 

with large sections of thercrania missing. Today one is amazed by such 

"miracles" (See Brothwell and Sandison 1967, 673). It could well be that 

the resistance of these people to micro-organisms was far greater than 

our s to:lay in this age of antibiotic s. 

List of further cases of Ana tomical Varia tions of the Vertebral ColU1lli1.: 

A. Sacralisation of the 5th Lumbar 

ssE Male aged about 33 (Plate 104 & 52) 

Platyvola: Adult male (Plate 104) 

10-1 : Male aged about 34 (Plate 105) 

31-3: Male aged abru t 34 (Plate 105) 

11BB: Female aged 26 (Plate 105) 

B. Lumbarisation of the 1 s t Sacral Ver tebra 

10SB: Female aged about 25 (Plate 105) 

11S2:;T: Male aged 17 plus (Plate 105) 

C. Persistence of Open Sacral Canal 

14-1: Female aged about 41 (Plate 105) 

46-2: Male aged about 30 (Plate 105) 

9.10 Congenital Dislocation of the Hip 

Plate 106 

7 Sf: The necks of both femora in this x-ray are short and thick. Their c.api ta 

are not completely hemispherical, but appear to have a small angle on their 

inferior surface. Taking into account this information, the sex of the 

individual (a man aged about 23) and provenance, one may suggest that there 



~s evidence for a diagnosis of bilateral congenital dislocation of the 

hip. Among congenital deformities, in Greece CDR occupies a primary 

position and affects females 6-8 times more frequently than males. It 

is usually bilateral, but the left feIJ]J.r is affected 3 times more often 
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than the right In Crete it has an endemic character (Matsaniotis 1972, 

1302). For the material which we are examining, this observation ~s an 

indication of an endogamous society (See also 84B below). 

P 1 a te s 106, 107 & 108 

84B: The shortness of the anatomical neck of the femur and the 'mushroom' 

(rather than hemispherical) shape of the head and the exostoses on the 

surgical neck of the femur are evidence of probable congenital disloca­

tion of the hip, in a man aged about 30. Observing the exostoses around 

the right acetabulum of the pelvis (Plate 108), probably due to 

injury and the fact that the opening of the acetabulum at the bottom ~s 

disproportionately large, it is suggested that the diagnosis of CDR 

becomes more certain. This is evidently a forward displasia of the 

hip. 

Plate 106 

86A: The shortness of the neck of the femur and the reduction of the sphericity 

of the head of the femur are noteworthy. These are indications of 

possible congenital dislocation of the hip, in a female aged about 30. 

Plate 108 

35r: A male about 35 years old. The openlng of the left acetabulum and exos­

toses inside the acetabulum suggest the possibility of congenital dis­

location of the hip. 

Plate (not illustra ted) 

76A: Lef t femur with a peculiar flat)mushroom-shaped head belonging to a man 

aged 35 years. 

9.11 Head Injuries 

plate 109 

27: A child aged about 10 or 11 years. The skull has areas of reduced radio­

graphic shading, and looks as if it had. been "hammered". It is a typical 

I illustration of increased intra cranial pressure . ....... 

Plate 109 

17.2: Areas of increased and decreased radiographic shading are seen ~n the x-ray 



, 
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of a skull belonging to a young woman, aged. abcut 19. An abnormally high 

intracranial pressure is probable, calLsed by some reorganisation process. 

Plate 109 

71H: The cranium of a child aged about 13 years. A space between the sutures, 

disproportionate to the age of the child, is noted. A compression fracture 

of the left parietal and frontal bones is observed. Parietal hyperostosis 

~s also seen, evidently due to the slow increase of intracranial pressure, 

a consequence of a probable subdural heamatoma, which was not completely 

organised. Only thus c.ould one explain the anomalous space which is dis­

tinguished in the shadow of the calcification aI'..d the osteoblastic reac­

tion of the left parietal. The haematoma is probably due to a fall, in 

which other injuries were presumably sustained, the most important of which 

may have been the perforation of the roof of the left orbit.,5.6 - 3.5 lIIID. 

in diame ter, uhich is of traumatic origin. The haema toma and the infec­

tion (meningo-encephalitis), if this perforation was a portal of entry' 

for bacteria, were obviously the C3:'0.se of this child's death. 

9. 12 Hyd.rocephaly 

Plate 110 

739: Characteristic appearance of hydrocephaly in a child aged 2 - 2! years. 

(The comparison with cranium 19 f , which belongs to a child of 12, ~n the 

same x-ray is striking.) The disproportion of face to skull vault ~s re­

markable. The antelJ"ior fontanelle remains open and its size is enlarged. 

The sutures - mainly the coronal, to a lesser extent the lambdoid and tem­

poral - remained open. A profounder impression of the cerebral cortex and 

arteries (and vessels) .on the inner cranial table is observed, due to 

greater intracranial pressure. The pre- and post-cranial fossae are en­

larged. However, the sella turcica remains normal. This is probably an 

obstructed hydrocephalus, due to blocking of the acqueduct of the 4th 

ventricle, such as happens with tumours of the post7cranial fossa (Harrison 

1977, 1875 & 1888). 

Plate 110 

78E~ Hydrocephalus child, aged about 3 years old. The disproportion between 

the size of the facial and. the cerebral cranium is r.emarkable. The impres­

sion of the cerebral cortex and the broaiening of the post-cranial fossa 

is noted. The internal surface of the orbit is punctuated with tiny holes 

the size of pin heads. A small enlargement of the sella turcica, blLt 

mainly thinning of the bone substance, is also notei. Thinning of the 

clinoid processes and the bones :Of the cranial vau:lt is also noted. It ~s 



, 

possible that a chromophobic adenoma resulted in second.ary Cushing's 

disease, defects of vision - even blindness, due to pressure on the optic 

chiasm - diabetes insipidus and slow development of the body. 

9.13 Frontal Sinusitis 

Plate 111 
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78B: The frontal sLnuses appear enlarged in Slze. The bone cortex of the skull 

is thick, whilst the wall of the sinus is thin and irregular, with· a 

shape that reminds one of a shell. The left sinus is missing,-but the 

indicated shape of the missing part, suggests that there was symmetry and 

similar thinning .of the bone. The nasal diaphragm is slightly distorted 

and in the middle seems displaced towards the left (side opposite the 

surviving sinus). This could be a normal variation. But the distortion 

of symmetrical development may also be due to the development of some 

benign tumour, for instance giant-cell tumour. This could be due to 

sinusitis which involved some injury to the face and in particular to 

the nose, from a fall or a knock. Finally, it is possible - perhaps most 

likely - that the deformity described is due to chronic frontal sinusitis 

(Harrison 1977, 162; Apley 1973, 101). Tnis skull belonged to a yaung 

man aged about 29 years old. 

9.14 Paget's Disease 

Plate 112 

Platyvola: Thickening and distortion of the compact cortical bone below the 

middle of the diaphysis of the tibia. Disturbance of the direction of 

the bone trabeculae, in relation to the force lines of the bone, is ob­

served. Einally zones of increased and decreased radiographic shadow are 

noted. This may be an osteogenic osteoma, or more likely Paget's disease. 

Paget's disease usually affects individuals over 40 years, males slightly 

more frequently than females inaratio of 4:3 (Collins 1966, 229). 

9.15 Osteoblastic Sarcoma 

Plate 112 

95K: The right ulna of a man aged about 45 years old. The distal third of the 

diaphysis has a very bulky shape, enclosed in a thin layer of periosteum. 

This may be Paget's disease with a'pathological fracture and a secondary 

callus, or an osteoblastic type of neoplasia, for instance osteoblastic, 

periosteal sarcoma. The compact bone cortex of the large tibia in places 
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appears partially thicker. This could. be a metastasis of the ulna sar­

coma. Metastasis from the ulna to the life organs (for example the lungs), 

would kill the person. The diaphyses of the survivirig metacarpal bones 

appear enlarged in width, mainly in the miDdle, while their cortex is 

very thin. The spongy bone appears porotic. 

9.16 Metastatic Cancer to Bone 

Plate 113 

1036: An osteosclerotic sacrum belonging to a man aged about 29 years old. The 

first sacral vertebra appears to be lumbarised whilst this is one of t~e 

rare cases where the coccyx lS preserved. This diffuse sclerosis could 

be the result of metastases to bone of malignant neoplasia, or Paget 1 s 

disease which most often affects the axial skeleton. In the next x-ray 

the thoracic and lumbar section of the vertebral column of the same indi­

vidual can be seen. On the third thoracic there is a healed fracture of 

the spinous process. Osteophytic proj ec tions (ver tebr al a·rthropa thy) can 

also be seen. The lumbar vertebrae, particularly the last three, but also 

half of the first lumbar appear dense. The hypothesis of metastatic neo-. 

plasia is also suggested by this. Practically any tumour with the excep­

tion of the primary tumours of the central nervous system, may occasionally 

metastasize to bone, but this phenomenon is highly characteristic In 

cancers of the breast and prostate. From a half to two-thirds of these 

carcinomas, some time in their cour se metastasize to bones (E. Aeger ter 

and J. Kirkpatrick, 1975, 470). The lumbar and sacral vertebrae with the 

pelvis bones are the ones usually affected in carcinoma of the prostate. 

Emboli of viable tumour cells are carried by both the blood vascular and 

lymphatic systems. Because the latter method is exceedingly common in 

prostate cancers, the pattern in these lesions is highly suggestive. It 

is true that carcinoma of the prostate and also most metastatic carcinoma, 

causes bone Jysis. So the principal symptoms and. signs of metastatic 

bone tumour are bone destruction, pain and. pathological fracture. Frac­

ture may stimulate the remaining normal skeletal tissues to produce callus 

and eventually achieve some healing even in the presence of the tumour that 

caused the fracture. It is pos.sible that the third thoracic vertebra may , 

have been broken and healed by these mechanisms. But any cancer that des­

troys a cons~erable amount of bone may initiate sufficient osteoblastic 

, reparative activi ty. This is' particularly trle of prostatic cancer which 

is often of the osteoblastic or sclerosing type. Excessive amounts of 

mineralising osteoiD are characteristically produced in response to the 

presence of carcinoma of the prostate. The rad.iographic manifestation of 



, 

a metastatic carn~noma of the prostate may be confused with that of 

Paget's disease (Aegerter & Kirkpatrick, 1975, 472). The osteoblastic 

response of a prostate metastatic tumour radiographically results ~n 

areas of opacification that are homogeneous but fuzzy in outline, as 

in the present case. It seems probable that this man had a painful end, 

caused by cancer of the prostate. 

PART II ~ DISCUSSION 

The greater part of the material examined in this study ~s derived 

from the Late Minoan cemetery at Armenoi. Because the skeletal material 

from Armenoi is particularly well preserved and abundant, it allows one 

280 

an opportunity to arrive at detailed conclusions regarding this particu­

lar population. The material available from other sites included in this 

study is poor by comparison with the abundant material from Armenoi, which 

consequently gives an impression of bias to the following discussion. But 

the material from Armenoi provides a special advantage since it gives one 

a unique opportunity to examine in detail a section of a particular com­

munity living on Crete in the Late Minoan period. Many conclusions drawn 

from this study have particular reference to Armenoi, but their wider sig­

nificance and general implications for the rest of the Minoan population 

cannot be excluded. 

The bones recovered and examined from the Armenoi excava tion belong 

to 250 adults (143 men and 107 women) and 106 children. One question which 

arises from such a study, "how often did these people fall ill and from 

wha t cause?", will unfortunately remain unanswered. The percentage of 

disease in the population due to illnesses which could be detected, ~e. 

which affect bones, (excluding post-traumatic arthritis and fracture), 

is 24.4%. But this figure is only a rough estimate of the real figure, 

s~nce it is clearly impossible to include a large number of diseases fr·om 

which members of the population suffered and died. since they leave no 

trace on bones. A historical illustration of this point is the number of 

deaths caused by small-pox in 17th centu.ry Europe, estimated. at 60 millions 

or 10.9% of the world population of 550 millions (Vasileiades 1971, 55 and 
-

442). Thus to search for a figure which represents the true or total fre-

quency of disease in the Late Minoan community at Armenoi is meaningless. 

Even rough comparison with the percentage of disease in modern times is 

useless since the differences between the Minoan period and contemporary 

times as regards hygeine, nu tri tion, vaccination, med.ic.ine and technology 

are vast. However consideration of the available evid·ence permits one to 



, 

arrive at a series of interesting conclusions, which help to determine 

quali tatively the answer to the original query formulated above. 

Both the average length of life, about 30.67 for men and 27.56 for 

women, and the distribution of ages at death correspond to expectations 
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f or the period. Mean stature was 1.68 m for men and 1.55 m for women, 

comparable to modern Cretans. It ~s true that the quality of the diet 

and its protein content are directly correlated" with growth achievement 

since better nourished individuals achieve greater stature. These fac ts 

confirm the archaeological evidence which also indicates that one ~s 

dealing with a prosperous cOIIDllUnity, where the standard of living was 

relatively high. This conclusion is not altered by the evidence for vit­

amin deficiencies or by evidence of frequent osteoporotic changes which 

were observed macroscopically on the cranial vaults and in the roof of 

the orbits, indicating chronic and relatively serious anaemias, mainly 

iron deficiencies. The cases of scurvy in children, already described 

are most probably due to sprue or some other protein-losing enteropathy 

yi th consequent malabsorption of the nu tri tious elements of the die t, 

rather than to an inferior diet and a low standard of living. 

But these phenomena do give rise to the question of to what extent 

a high standard of living was cammon to the whole community. Whether 

or not social or class distinctions existed in Minoan society and was there 

a system of serfdom or slavery, since differences which were not just bio­

logical but also social differences between men and women are evident. 

Although the female is biologically more resilient than the male, only 

15.3% of women reached the age of 35, when reproductive activity ~s sig­

nificantly reduced, compared to 25.3% of men who reached the age of 35. 

The higher frequency of female deaths between the ages of 20-25 years, 

compared to that of male deaths at the corresponding age is apparently due 

to female deaths ~n child-birth. 

It would seem that there were no concessions to women for increased 

responsibilities and biological stresses of child-birth, which aggravated 

their social position. The nutrition of women seems to have been below 

their requirements. 80% of . osteoporotic bones belonged to women. 18.8% 

of female tibiae displayed osteoporosis compared to only 2.8% of male 

tibiae. If one takes into consideration the possibility that during one 

third of her life a woman might nourish either through her blood during 

pregnancy or through her milk during lactation a second human being, and 

if one calculates her requirements in terms of proteins and iron, then the 

fundamental cause of the high frequency of osteoporosis among the female 
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population at Armenoi 1.S easily u.nderstood. It seems probable that at 

this period women not only breast-fed their children for perhaps as 

long as two or three years, but they were also responsible for feeding 

the whole family, whilst men and male children were the main consumers. 

The inferior position of women in society is a phenomenon which must have 

had immediate consequences for the life and health of the population. 

The possible existence of a closed endogamous type of society also 

has direct and very significant consequences. In a farming community 

whose economy is based on animal husbandry, one would expect that the 

transfer of land and flocks would constitute a particularly important 

preoccupation. Often the solution to this problem is provided by the 

arrangement of marriages among the members of the sa~e community. This 

results in the transfer of property by inheritance within the limits of 

the community. But it also perpetuates inherited diseases or anatomical 

variations. Conversely it might exclude such diseases which might be 

endemic to other areas of fue island. Four interesting matters which tend 

to support this hypothesis are discussed below. 

I. Dozens of cran1.a with osteoporotic vault surfaces were x-rayed in 

the expectation of finding cases of thalassaemia in the population (p1.114). Mac­

roscopically dispersed osteoporosis was visible and particularly marked 

on the external vault surfaces of a number of crania and on the roof of 

the orbits. Such changes occurred in 82.79% of the preserved crania and 

6.25% of orbits examined. Osteoporosis of the cranial vault occurred 1.n 

88% of the male crania; 52% of them were severe, 15% were medium, and 21% 

were slightly affected. Osteoporotic changes affected 76.74% of female 

crania examined; 37.2% of them were severe, 17.44% were medium, and 22.09% 

~re slightly affected. 4% of male skulls and 8.69% of female skulls pre­

sented osteoporotic lesions 1.n the roof of the orbits. 

It must be kept in mind of course that similar changes to the bones of 

the skull generally occur with all anaemias (Matsani6tis 1972, 981). In 

children such lesions can occur when iron which is supplied to the body by 

a·normal Qiet, is inadequate to cover their needs. In the first two years 

of life the total amount of iron which may be derived from fruit, meat, 

eggs and milk does not exceed 4 mg daily. It is prob.able that 1.n early 

times breast feeding continued during the first 2-3 years of a child's 

life (Sigerist 1951, 243). But one litre of milk contains only 0.5 mg of 

1.ron. The daily requirements of children at this age reach 8-10 mg of 

metallic iron. Clearly a high frequency of iron deficiency anaemia at 

this phase of bodily growth and skeletal development is not surprising In 
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Minoan times, Slnce it lS a serlOUS problem today. 

Particular attention has been paid to the explanation of the most 

probable means by which iron deficiency anaemia was established, because 

after detailed radiographic examination of the suspected bones there fs 

no evidence for any case of thalassemia. This negative discovery re­

garding the population examined is nevertheless important. For reasons 

which will be explained below, it constitutes evidence that the Armenoi 

population was a closed community. 

The high frequency of B-thalassemia anaemia which is encountered in 

the modern Greek population is a serious and very difficult social prob­

lem (Matsaniotis 1972, 1005). There are no accurate figures for the fre­

quency of the occurrence of the B-thalassemia stigma. In Crete it is 

approximately 7.6%. In Rhodes, which is a smaller island, it has a fre­

quencyof 16% (Daikos, 1971, 125). It is of course encountered chiefly 

in the islands of the Mediterranean, in Southern Italy, Central Africa, 

Asia, the South Pacific and in some areas of India (Harrison 1977, 1695). 

Individuals who suffer from the homozygous B-thalassemia usually die 

at a young age. One of their characteristics is that they have in their 

blood more iron than lS normally required (Iron-wastage anaemia). It lS 

therefore possible that in early times of famine, individuals with B­

thalassemia lived longer than normal 'healthy' individuals because their 

needs for iron were small. This is a personal theoretical view which may 
VI. 

explain how this serious disease has persisted throughout millenia and 
A 

survived natural selection, or rather been favoured by natural selection 

under adverse nutritional conditions. The fact that not a single case of 

thalassemia was discovered in this sample may be proof of the hypothesis 

that there was no, or very limited, cross-breeding with any other area 

of the island. If there had been, according to the law r of probability, 

one \·;rould have expected to find at least one case of a child who had died 

from thalassemia. 

The survival of the thalassemia trait has been linked with malaria. 

But it is not only thalassemia which provides protection against malaria, 

a theory which has been strongly projected in archaeological literature 

(Angel 1964). Increased protection against malaria is given by the pre­

sence of abnormal haemoglobins, mainly haemoglobin S (Sickle-cell anaemia), 

by the mechanism which is described below (III). It is possible that the 

same protective effect may be exerted by haemoglobin C,D,E'thalassemia 

and glucose 6-phosphate deficiency, since these abnormalities are more 

frequently found in malarious areas (Harrison 1977, 1072). Thus if one 



attempts to correlate endemic malaria on Crete and thickening of the 

cranial diploe in some of the material studied, thalassemia would not 
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be the only haemoglobinopathy with which one would link it. This sug­

gestion would. be more likely if one found similar changes mainly in sI¥ll 

children. But so far no children t s skulls with evidence of thalassemia 

have been found. 

II. A second indication of the existence of a closed type of cOIDmlnity ~s 

the relatively numerous cases of congenital dislocation of the hip, which 

were identified and discussed ~n the section on diagnoses. This is an 

inherited disorder, which is encountered in communities of an endogamous 

type (Apley 1975, 261). 

III. A third indication which may support the theory that the Armenoi 

community was of an endogamous type, is the frequency of osteomyelitis 

(10.8%), and its relationship to sickle-cell anaemia. For unknown rea­

sons, individuals with sickle-cell anaemia are significantly more suscep­

tible to osteomyelitis caused by salmonella infection (Harrison 1977, 1692; 

Daikos, 1971, 807). In this disorder the haemoglobin is abnormal and ~s 

called haemoglobin S. It differs from normal haemoglobin A of adults, in 

that the glutamic acid of its b-chain is replaced by another amino-acid 

called valine (Harrison, 1977, 1689-1691). The natural chemical proper­

ties of Hb-S result in the manifestation of the disease under conditions 

of low oxygen pressure (hypoxia), such as occurs in venous blood. The 

particles of Hb-S join together and form long chains, which result ~n 

changes to the shape of the red blood cells, vlhich assume a crescent or 

'sickle'-shape and are destroyed~ Masses of sickle-cells block the blood 

vessels and create obstructions (infarctions) such as those already des­

cribed in explaining the mechanism of osteochondritis. 

In Greece the sickle-cell gene has a frequency which varies between 

10-20% in the population according to the region (Gardikas 1977, 614). 

This frequency exceeds 20% in areas plagued with malaria, because carriers 

of the sickle-cell trait (heterozygotes) survived malaria epidemics ,vhen 

the other inhabitants succumbed and died. It has been shovffi that the sickle­

cell trait confers protection against falciparium malaria. It seems that 

when the parasite is in a red blood cell which contains Hb-S it favours 

sickling and the destruction of the red cell which results in the death 

of the parasite (Gardikas 1977 ,616). The question is whether or not there 

is any evidence for· the existence of malaria in the region of Armenoi, 

which could verify this hypothesis of the existence of sickle-cell anaemia. 

Radiographic screening of the tibiae of 100 individuals (61 men and 
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Fig9.1 Individuals \;\ljtll Harris Lines at Regular Intervals 



39 women), for the observation of Harris lines, or so-called lines of 

arrested growth, which ind.icate nutritional deficiencies or febrile 

infectious diseases, produced the following results. 

a) Harris lines were seen in 86% of individuals: 88.5% of males and 82.0i% 

of females. 
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b) Regular distances occurring between Harris lines ie. the repetition of 

lines at approximately equal intervals, were seen in 56.9% of irrl ivid uals 

wi th Harris lines~ 55.5% of males and 59.3% of females. (See fig. 9.1.) 

c) The regular appearance of Harris lines every 2 mm was observed in 40.8% 

of individuals with regular Harris lines (36.6% of males and 47.3% of 

females), or 20% of the total number of individuals examined. 

Since the majority of Harris lines observed were near the epiphyseal 

plates, they must be interpreted as signs of interrupted growth or deve­

lopment at ages between 14-18 years. At this period the tibia grows on 

average about 5 mm per year (Bass, 1971, 189). It is concluded that a 

large section of the population suffered from some febrile disease, which 

arose periodically at intervals between 1-4 months. Diseases Which are 

associated with periodical, repetitive fevers at similar intervals are 

malaria, salmonellosis and, more rarely, brucellosis and relapsing fever 

(Harrison 1977, 934-936). 

According to the etymology of the Greek word, malaria is an illness 

associated with marshes which are rare phenomenon in Crete, although 

Watrous (1974) has suggested that part of the Lasithi plain may have been 

marshy in antiquity. The chief geophysical characteristics of Crete are 

its mountains and its long coast line. It is known that two kinds of 

malaria bearing mosquito exist in Crete, one which breeds In streams at 

altitudes up to 1200 metres and another which is tolerant of saline water 

(See Chapter 2.10). It is also known that until a few years ago, malaria 

was endemic to Crete. The disease may well have been a serious problem 

in Bronze Age Crete. Summation of the evidence seems to provide some con­

firmation of the above hypothesis. 

IV. The fourth indication of the exi.stence of an endogamous-type community 

lS the large number of congenital variations affecting the vertebral column 

In 23.1% of individuals (25.6% of males and 16.6% of females), details of 

which have already been given in the previous section. Finally to round 

off the evidence for an endogamous-type community I should like to mention 

again six cases of cranial osteomas, two cases of anatomical variations 

of the atlas (1st cervical vertebra), two scaphocephalic crania ap~ two 
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anatomical variations of the base of skull, which were presented ~n more 

detail in chapter seven on non-metrical variation. All of these varia­

tions could well have an hereditary origin. The osteoma which is found 

in four different tombs, provides proof of a family relationship betw~en 

the individuals in tombs l3(A) , 46(1) 73tT, and 89 (K A). , 

In discussing the evidence above I have tried to demonstrate the 

probable existence of an endogamous type of rural community dependent 
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on a mixed farming economy. The discovery of a number of diseases con­

nected with agricultural labour and animal husbandry reinforces this 

hypothesis. In the sections on diagnoses a large number of cases of 

exostoses of traumatic origin has been noted. 30.6% of adult individuals, 

whose tibiae and clacanec:, were preserved, presented exostoses of post­

traumatic arthritis (39.4% of men and 21.2% of women). Traumatic arthri­

tis of the limbs is an occupationally-linked disease. In farming little 

accidents and injuries which occur almost daily will bring about these 

changes in the way already described in the section on diagnoses. 

Figure 9.2 opposite presents the frequency of osteophytic and 

exostotic changes of degenerative, traumatic and infectious aetiology in 

the surviving vertebrae examined. The frequency of changes to the 5th 

lumbar vertebra is diminished (or biased), because in many cases the 5th 

lumbar ~s sacralised. Descending the vertebral column, the increased fre­

quency of changes, clearly has a degenerative rheumatoid aetiology. The 

high percentage of changes ~n the lower . thoracic vertebrae might be att­

ributed to infectious causes, especially brucellosis and tuberculosis 

which are discussed below. 

Brucellosis, as was already stated in the previous section, ~s an 

occupational disease of people who are involved in animal husband ry. It 

is caused by three species of Brucella, of which Brucella melitensis is 

the most commonly distributed form in Greece. (The eponymous disease 

"Cretan Fever" is an alternative name for brucellosis.) The food which 

most often carries Brucella is the milk of goats and cows and their pro­

ducts, for instance yoghurt and cheese. 

Contact with animals and in particular with milk producing animals, 

kept either for meat production or used in the home economy to supply the 

needs of the family, is probably responsible for the other serious infec­

tious disease mentioned above, tuberculosis. Tuberculosis has probably 

accompanied hominid popUlations since earliest times. Today five species 

of tubercle bacilli have been described. Two of these are known to be 
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pathogenic for m:tn: Mycobaeterium tuberculosis hominis a.nd Mycobacterium 

tu.berculosis bovis. lt is also known that the most c.ommon tubercu.losis 

whic.h is lu.ng tuberculosis is d.ue to the hnnan strain, while tuberculo­

sis of the bones is due to the bovine strain. But tuberculosis may spread 

thrrugh the blocxI stream to bones from a primary lung infec tion in the 

advanced. stages of its developmen to Consequently it is not .possible 

to know wi th certainty which mycobacterium caused the disease, merely 

from examining the bone changes. 

The species of mycobac terium responsible here for the disease may 

be relatively obscure but, the attituie of the people studied to tuber­

culosis is quite c.lear. Taking into consideration the cOIDlIllnal burials 

of tubercular individuals, who are clearly from the same family exempli­

fied by tomb 118, in which five yrung iniividuals aged between 23-28 and 

related to one another, died with the same symptoms at about the same 

age. It seems probable that as far as concerns the popUlation being 

studied tuberculosis was not connected with the animals on which their 

livelihocxl.s depended, bu twas regarded. by them as a her ed i tary disease. 

Indeed the same view was held by Hippocrates, who was the first to report 

that tuberculosis is transmitted from parents to children. It was not 

until the 2nd century PJ) that Galen suggested that the disease was 

infectious (Liokis 1974, 125). 

Their occupation with animal husbandry not only gave the inhabitants 

a comfortable livelihocxl. ani fatal diseases. It is very likely that it 

stimulated the early development of medicine. The manner 1.n which this 

might have come about can be illustrated by a very colourful story which 

is well known in Greece. In Athens there are still vivid memories of the 

Vlach 'practical' surgeon, now deceased. A group of Athenian doctors had 

br ought an action against him in the cour ts to prevent him pr ac tising. 

According to tradition, the Vlach, a former shepherd, appeared before the 

court with a lamb. He broke all of its legs and then invited his oppon­

ents to make the lamb walk. When the d.octors professed themselves unable 

to do this, the Viae h broke a stick which he made into four splints. He 

reduc.ed. the fractures by manipUlation and bound the splints to each of the 

ani1!l3.1's legs. The lamb got up and walked ani the man's critics were S1.­

lenced. (Many people prefer to take their ailing bodies to such practit­

ioners who still exist in Greece, . rather than go to conventional d.octors!) 

This story clearly demonstrates the direct relationship between animal 

husbaniry, a main preoccupation of the Armenoi community, and the develop­

ment of orthopaedic techniques. 



In the section on diagnoses a nunilier of cases of fractures, most 

of them healOO, are describe:!,. In describing them it was mentionOO that 

J.n my opinion, some of them had been immobilisOO by the application of a 

perhaps 'primitive' but effective technique for treating fractures and , 
some had not been reducOO', or had healed without any external assistance. 

290 

In 4 out of 15 fractures describe:!, in the diagnoses (that 1.S 26.6%), one 

c,an say that rOOuc tion and immobilisation was neOOed. 14 out of 15 frac­

tures (93.3%), IIllSt have been immobilised, since bone callus was formOO. 

But the stu:ly of the bone callus formation does not verify the hypothesis 

of orthopaedic rOOuction, nor does it exclude it. The unrOOuced and un­

healOO central dislocation of the hip, as was already mentionOO, presents 

a difficult orthopaOOic problem even tolay. However, even if one is de­

pendent on only 26.6% of cases, ,it may still be said that some kind of 

mOOical treatment of fractures was already developed in Minoan times. 

In what measure such treatment was administerOO by a profession with 

specialised talents, or whether it was merely home medicine and practical 

metho:is, or both is open to question. 

The Greek word i-ja-te, meaning doctor, 1.S recorded on a linear B 

tablet from Pylos (Lejeune 1971, 213; Bennett and Olivier 1973, I, 132; 

1976, II, 89; Bartsokas 1964, 115). There lS little doubt therefore that 

this profession was recognised and existed 1.n Greece as early as the 14th 

century B. C. According to a Persian document there were thr ee kinds of 

healers or doctors in Greece 1.n the period before the 1st millennium B.C. 

There were those who curOO with plants, those who used magic words and 

those who use:i the knife. On Crete there is archaeological evidence that 

all of these methods for dealing with disease were used. 

It is clear that the Minoans were very familiar with the properties 

of the many species of herbs in their island environment. The goddess 

from Gazi with her crown of poppy heads was mentioned in Chapter 3. It' 

is thought that the drug was usOO in religious rites to iniuce a state 

of euphoria in the participants. Dyctamon is another herb native to Crete 

which has been widely praised since antiqu,ity for its medicinal properties. 

Herbs mentioned in the Knossos tablets are Coriandrum sativum and Cyperum 

rotundus from which aromatic oils were made. Such oils were traded wi th 

Egypt and they may have been considered to have medicinal properties. The 

Ebers papyrus records a prescription of Cretan origin used by the Egyptians. 

It is also known that the Egyptians used 'curative' spells or incantations, 

some of them in foreign languages. One recorded in the London Medical 

Papyrus is in the Cretan language (Sigerist 1951, 280). It seems that these 

magic words were so effective against diseases that they were importe:! 



from Crete. Presumably they could have been muttered by the patient 

before imbibing a potion or by the priest/magician doctor who administ­

ered it. 
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On Crete there is evidence for the association of priests with otring 

of disease: Anathema ta which portray limbs and parts of the human body 

which were clearly pathological, have been found at peak sanctuaries. 

They were mentioned in Chapter 3 (See plate 115). They are obviou sly the 

prototypes of similar votives found in the Askiepeia in the classical per­

iod and of the 'tama ta' in the Greek Or thodox Church ted ay (Plate 116) . 

It may be that in Minoan times priests exercised the function of healer s 

by virtue of a divine authority invested in them. Finally one must turn 

back to the skeletal evidence, to explore the possibility of the existence 

on Minoan Crete of surgeons who used the knife. 

E our interesting cases which may provide evid ence of surgical inter­

vention will be discussed below. The first is a cranium of a young male 

individual (32 B) aged about 25 years old, from a tomb at Armenoi (PI. 117). It 

was noted to have scars of incisions made by a knife on the frontal bone. 

The deepest incision on the right side of the frontal bone is 17.5 mm 

long. L~other parallel to it and nearer to the midline was 11 mm long. 

There is a third incision, ~n a similar position on the left half of the 

frontal bone, measuring 16.6 mm. The second case concerns the cranium of 

a young female (86B) aged about 23, from another tomb at Armenoi, which 

was observed to have a small circular depression on the surface of the 

posterior left parietal near lam1:x:la. It ha::l. an approximate diameter of 

10.6 mm and a depth of 2 mm. The thickness of the diploe at the centre 

of the depression is 4 rom compared to an average parietal thickness of 

6 rom. A depression about 16.2 rom in diameter was observed on the left 

parietal of another skull belonging to a 35 year old male (67B) from Arm­

eno~. (See plate 118). Finally a similar phenomenon was noted on a MM 

skull from Knossos Ailias Tomb V, larnax Vc. A roo ghly circu lar depress-

ion with a maximum diameter of 16 mID was observ~ on the posterior left 

parietal, 27 IDlll from the sagittal suture and 53 mID from lambda. The thick­

ness of the diploe in the centre of the depression was 5 rom compared to an 

average par ietal thickness of 6.5-7 mID. Beside the depression there were 

seven shallow incisions, which variecl from a minimlli~ of 3 rom to 10 rom long 

(See Plate 119). They appear to have been made by a knife., There is the 

possibility then that in both cases the scars have been made by a knife 

for the purposes of treatment. 

The area of the frontal bone, which is the location of the scars 



observed in the first case, is supplied with blood from the frontal 

(anterior) branch of the superficial temporal artery (Warwick & Williams 

1973, 628). 'Dilatation of the temporal arteries with stretching of the 

surrouruiing sensitive structures is believed to be the mechanism of most , 
of the pain of migraine. This artery when involved in giant-cell arter-
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itis (cranial or temporal arteritis), usually observed in older individuals, 

gives rise to headaches of a dull aching and throbbing type. The pain is 

severe arui persistent over a period of weeks and months. The offending 

artery is not always tender to pressure, but section of it may relieve 

the pain (Harrison 1977, 21). It is hypothesised that the cut marks noted 

on the metopic bone of the cranium described, were made with a knife 1.n 

an attempt to treat surgically, a persistent headache of the type mentioned. 

I have personally encountered an empirical form of this headache treatment 

on a visit to Libya in 1973. A workman on the excavation complained of 

persistent headache. We suggestei to him that he should take an aspirin. 

When I saw him a few days later and inquired after his health he explaine:i 

that he had found relief through blee:iing by making incisions with a knife 

on his forehead. The region in which he made the incisions is the same 

as that described on the cranium 32B from Armenoi and is the region of 

the anterior temporal artery. 

As far as concerns the remaining cases, the problem was how the 

parietal depression was formed. The hypothesis of depression fracture 

seems Qnlikely, first because the depressions are smooth and almost cir­

cular and second because there is no inward displacement or trace of callus 

on this part of the skull. In spite of this the means by which these de­

pressions were made are traumatic. Traumas of the skull as shown by ne\\Ter 

techniques 1.n neuro-radiology and improved angiographic procedures are 

the result of traumatic aneurysms of the blood vessels of the scalp, more 

frequently than was formerly believed. The vessels may be damaged by a 

variety of mechanisms including skull fracture, direct contusion of the 

vessels by bone or missile fragments. The result of these will be the 

formation of a localised dilatation or aneurysm, an arteriovenous fistula, 

or a serpiginious venous "circoid" (Rhoton, Jackson, Gleave, Rumbaugh 1977, 

29). The effects of any of these on the bone during the course of years 

will be to form an imprint such as those which we have found, due to the 

chronic pressure of the vessel on the bone. The consequence of this mal­

formation creates symptoms of headache. The attribution of the headache 

to the malformation is relatively simple, because if it is a venous circoid 

it will be an obvious swelling, while if it is an aneurysm or fistula it 

will pulsate. The treatment even today is surgical removal of the malfor-

mation. It is believed that the cut marks on the skull from Ailias c--::. an 
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attempt to treat surgically, headache attributable to one of these causes. 

Such an intervention is relatively simple and has a good prognosis for 

recovery because of the abundant anastomoses network of the arte~es;hich 

supply the area (: posterior (parietal) superficial temporal artery, ~ight 

and left, posterior auricular artery and occipital artery - all branches 

of the external carotid artery (Warwick and Williams 1973, 623, 629 and 

fig. 6.45). 

One need not look far for archaeological evidence to confirm that the 

Minoans were conscious of the importance of cleanliness for health, take 

for instance their sophisticated drainage and sanitation systems and the 

light zoma (codpiece) which was the preferred form of Minoan dress. Tak­

ing into account the hypotheses formed in the seconci half of this chapter 

(fracture reduction and surgical intervention) and ~n the previous chapter 

(tooth extractions), the impression gained is that as regards the sector 

of health, the Minoans were relatively advanced, as they clearly were in 

many other aspects of their cultural and social life. 



CHAPTER TEN 

Conclusions 

Archaeologists in the past have not fully realised that there is an 

enormous reservo~r of potential information to be extracted from human 

skeletal remains. Hence skeletal remains found in excavations were n6t 

collected systematically or g~ven appr opria te treatment, because they 

were not considered to have any intrinsic value, nor to possess scienti­

fic importance equivalent to that of artefacts. As a result of this 

error of judgement much information has been irretrievably squandered. 

The ultimate aim of archaeological science is to achieve an accura te and 

detailed picture of ancient societies through the interpretation of the 

excava don recor d. The meticulous study of human skeleta 1 remains, like 

the study of artefac ts found in excavations, can make a valuable and 

relevant contr ibu tion to the reconstruc tion of the life of anc ient socie­

ties and, it ishoped in this case, to our view of Minoan society. These 

conclusions recapitulate the most important points of the new evidence 

pr esented and discussed in this thesis. 

In Minoan times the average expectation of life was about half that 
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of a modern Englishman. Due to the lack of advanced modern medical skills 

and technology for dealing with disease and ~nJury, a man rarely survived 

the fOl.lrth decade. A woman's life was even shorter. The apparent reason 

for this difference of life expec ta tion between the sexes, was the greater 

vulnerability of females, mos't of whom died during the period -which coin­

cides with peak reproduc tive ac tivity. Judging from the frequency of 

deficiency anaemias and premature osteoporosis observed among young females 

a woman's food intake was probably below her nutritional requirements 

during pr egnancy ani lac ta tion. Lac tation which may have been pr olonged, 

causes a drain on the body's mineral resrurces which may not have been 

replenished by the average diet in Hinoan times. This physiologica 1 d is­

ruption made women less resistant to diseases and consequently diminished 

their overall expectation of life compared with that of males. The samples 

examined showed that from the earlier to the later phases of the Minoan 

period the mean age at death of women did not vary significantly (28.06 -

27.32 year s), but there was a much more 1l12rked decrease in the average age 

at death of men (35.24 - 30.84 years). Despite {ndisputable improvements 

in economic efficiency and living standards which are obvirus from the gro­

wth of existing settlements and the steady rise in the nu.mber of new settle­

ments est:ablished during the Minoan periai., it is probable that the popula­

tion increase was acc ompanied by an inc rease in inf ec tiru s d isea ses. This 

may account for a reduction in life expectation, particularly of men, in Late 



Minoan times. Infant and child mortality was high and may have been 

aggravated by the suggested increase 1.n infectious diseases and by ignor­

ance of disease mechanisms and means of combating infection. 

Abundant new data show that the mean stature of the Minoans 1.S cbm­

parable with that of moiern Cretans and disprove a popular misconception 

that Minoans were people of pygmy proportions. It is well established 

that there is a direct correlation between nutrition and physical develop­

ment achieved. It seems that generally speaking the Minoans enjoyed a 

diet which was adequate for the achievment of physical growth comparable 

with that of the medern population. 

Dental caries and ante-mortem tooth loss in the LM III population at 

Armenoi was sustained 1.n a degree comparable with that of modern Greeks. 

The evidence suggests that their diet may have included a high carbohydrate 

content, considered to be an important factor in dental car1.es. Food s 

thought to have been available, which have a high carbohydrate content 

incidentally have a po,?r mineral content. (Mineral deficiency may result 

in micro~e£ects of tooth enamel, such as those observed which 1.n some 

cases occurred in prenatal enamel.) There 1.S a sharp contrast between 

Middle Minoan times and Late Minoan times, when the frequency of dental 

car1.es doubled. The most likely explanation for this is that there was 

a change in eating habits. The diet may have become softer due to im­

provement in methods of foed preparation. It may also have included more 

dietary sugar from honey and dried fruits as well as other forms of car­

bohydrates. The ability of a community to survive and flourish partly 

depends on the organisation of its food resources and the accumulation of 

surpluses which can be stored and will be available to tide them over 

difficult periods. Those foeds believed to have been available, which 

could have been stored have a very high carbohydrate content. This may 

explain the suggested change in eating habits. Thus an increase in car­

bohydrate consumption would explain the observed increase in dental 

car1.es. It may also have contributed to a shorter life expectation, S1.nce 

it; has been observed that such a correlation exists in modern populations 

(cf. Table 5.5). 

L,9S 

The chapter on skeletal pathology discusses an unprecedented volume of 

new evinence for disease'among the Minoans 1.n a depth of detail, which has 

never been previously attempted. It gives only a partial indication of 

disease stress in the population. It is of course impossible to estimate 

the total frequency of disease in the Minoan population, since not all 

diseases leave traces on bones. Even if this were possible, any comparison 
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with modern populations would not be appropriate since the Minoans were 

not equiped with moiern medicines and knowledge available today. For 

instance, one would not expect any valid comparison in the frequency of 

age-related diseases which are frequent in modern populations, s..nce the 

Minoans had a much shorter life expectation. For this reason the prol1able 

case of metastatic cancer in bone, perhaps from a primary cancer of the 

prostate gland, is of un~que interest. It indicates that cancer did occur 

~n early populations, although they did not normally live long enough to 

be expose:I to carcinogens in the same degreeas mo::l.ern populations. Tuber­

culosis is a frequent and highly contagious disease which wipe:I OJ t a 

whole family in the Armenoi community (see p. 289). Non-tubercular osteo­

myelitis is also a frequent disease problem in the population, which may 

be linke:I to the probable existence of the sickle-cell gene in this pop­

ulation, since individuals with sickle-cell anaemia are significantly more 

susceptible to osteomyelitis caused by salmonella infection. Some diseases 

give a picture of how the population lived in a very literal sense. A 

number of individuals with post-traumatic arthritis seem to have been 

employed in manual labour, presumably working the land. It may be inferred 

that others who suffered from brucellosis, contracted from animals, were 

involved ~n animal husbandry which was probably the mainstay of a mixed 

economy. This view is supporte:I by the numerous spindle whorls founi in 

the tombs, which suggest that yarn and textile production may have been 

important. A textile impression note:I on a femur from one of the burials 

may have been a locally made cloth (See Plate 120). Certainly this would 

have been a useful trade commcdity, which could explain the number of vases 

imp or ted from the Kyd onian workshop and some even from the mainland. The 

island -wide contacts and overseas trading ac tivi ties of the Minoans may 

also have led to the intr od uc tion of new pa thogens. 

The Minoans regarded disease as a very serious pr oblem., Their attitude 

is touchingly obvious from the votives found at peak sanctuaries to which 

pilgrimages may have been made for miracle cures. However the skeletal 

evidence also indicates that the Minoans had begun to develop practical 

medical skills. They probably knew hm,r to extract teeth and possessed ex­

pertise in setting fractured bones. A hypothetical explanation of how the 

Minoans might have attained exper tise in frac ture reduc tion and immobilisa­

tion through their preoccupation with animal husbandry was given in chapter 

n~ne. There is also evidence of rudimentary surgical intervention from 

Middle Minoan times ~ The Minoans possessed precision instruments with whic h 

they made objec ts such as seals of fine technical and ar tistic achievement. 

Such instruments could also have been adapted to surgical use. The prac tice 

of medicine may have been a specialised profession, as that of potters or 



lapidaries for instance are thought to have been. These professions may 

have been 'hereditary', passed down from generation to generation, as 

was the case in ancient Greece where certain clans monopolised crafts. 

The Asklepiadai were physicians. The Pylos tablet which mentions the , 
name of a doctor is written evidence that the profession was recognised 

in Mycenaean times in Greece. The skeletal evidence presented here is 

unique for Crete am indicates that the practice of medicine probably 

began there in Middle Minoan times and possibly earlier. 

Despite the cosmopolitan spread of Minoan culture, skeletal evidence 

suggests that in Late Minoan Crete, breeding patterns in rural society 

were conservative. Certain hereditary diseases observed in the LM III 

community at Armenoi, for instance congenital dislocation of the hip, a 

haemoglobinopathy and spina bifida occulta, suggest that Armenoi was an 
\ 
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endogamous community. The frequency of other genetically based traits such 

as worm~an bones, ossic les at lambda, coronal ossicles, parietal notch 

bones etc .. also support this view. Since Armenoi was a rural settlement, 

an important reason for the tendency for mating to take place within a 

village community must have been consideration of the rules of inheritance 

through marriage, whether matriarchal or patr iarchal. In origin the vil­

lage community was probably the clan settlement, which corresponded to a 

territorial unit. The community at Armenoi was depeooent on the land for 

its production and consumption. Thus it was extremely important to main­

tain control of it ard property considerations must therefore have dictated 

a preference for marriages within the community. The mating patterns of 

other Hinoan village communi ties may have been equally conservative for the 

same reasons. 

Physical resemblances and shared non-metrical characteristics were 

observed among individuals buried in the same tombs at Armenoi. They 

indicate the existence of blood relationships between occupants of the same 

tomb 0 and establish firmly the family usage of tombs in the LM III period at 

Armenoi. This fact opened up the possibility of eX4mining direct evidence 

for marriage traditions in Minoan society. As a rule, due to a lack of pri­

m~ry evidence,social hypotheses formulated for archaeological populations 

resort to parallels with modern popUlations which have remained at a pr~m­

itive level of social evolution. To the writer's knowledge, this is the 

first time that an attempt has been made to investigate relationships 

between ird ividuals buried in the tombs of a single cemetery or to recon­

struc t a genealogical table of relationships. It is hoped that future 

research with the aid of computer facilities may enable one to reach a con-



clusion on the pre-eminence of matr iarchal or patriarchal marriage tr ad­

itions in Minoan society. But the study and evaluation of non-metrical 

traits per se has been handicapped by the lack of comparative data from 

other sites in the Mediterranean area. 

Modern anthropological parallels suggest that matriarchal societies 

are usually those associated with earlier stages of cultural development. 

Female deities are thought to indicate a surviving matriarchal element in 

Minoan society. Minoan women also appear to have taken an active part 1n 

public life. They are depicted in frescoes, on gems or seals as boxer s, 

bull-leapers, acrobats, priestesses and members of the court. But the 

skeletal evidence suggests that the role of women in every day life was 

not so exalted as might be imagined from these idealised representations. 

Judging from their lower life expectancy and poorer dental health (see 

p. 248-249), the fate of women seems in general to have been inferior and 

probably secondary to tha t of men. 
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The fact that family tombs were used in the LM III period suggests an 

evolution in the structure of Minoan society which has significant implica­

tions. From Early Minoan times through to the end of the Minoan period one 

can trace social evolution in terms of changes in burial customs. Communal 

burials in caves or in large burial monuments which served the whole community 

were customary in Early Minoan times. The transition to the use of smaller 

family tombs in Late Minoan times ind ic ates that y.d.noan socie'ty had undergone 

fundamental changes. The use of tombs for family burials ini ica·tes the 

emerging importance of the familYUlit over that of the clan. It seems rea­

sonable to suppose that Minoan society also became increasingly stratified. 

The social status of the deceased is usually ind icated by grave furniture 

and good s placed with the burial. Although there are no acute differences 

in wealth evident among the tombs at Armenoi, during the mos.t recent exca­

vations a new group of tombs were opened which, judging by the material pos­

sessions of their occupants, were poorer than any previously excavated. 

Thus it is likely that while the family unit grew in importance there was a 

parallel evolution of social differences, which developed gradually with the 

refinement of labour and production techniques. Economies with a low level 

of production and consumption are collective and 'depend on group cooperation 

but as labour becomes more productive an individual claims for himself and 

his relatives the vealth which he earns through his personal efforts. This 

is the origin of social divisions which can ultimately lead to conflict. 

Skeletal evidence for violence 15 rare, but at Armenoi there is a unique case 

of death by violence. A young man of about 25 years (67E) had been hacked 

to pieces (Plate 91). As there is no other evidence of violence to suggest 



general warfare, the mO$t likely explanation is that he was the victim 

of a feud. The change in burial customs suggests that Minoan society 

had gone through a process of change, which may have played a role in 

disturbances known to have occurred from the archaeological record. ~n 

considering possible causes of destructions of settlements and palaces 

the element of social strife has occasionally been suggested, but has 

not attracted many adherents. It was suggested that a local insurrection 

may have brought about the final destruc tion of the palace at Knossos 

(see p. 63), while In relation to LM IIIc distrubances Kanta (1980, 326), 

found it difficult to decide whether the danger came from within Crete or 

outside. Evidence for the change In burial customs with its emphasis on 

the family irrl icates a comparable change in the cbarac ter of Minoan 

society, the implications of which must in future be considered in the 

interpretation of events. 

Multivariate analysis was used on statistical data to investigate the 

relationship of the Minoans to other sample populations. Results showed 

that the closest affinities of the Minoans appear to be with the mainland 

Greek population. These results are in harmony with other archaeological 

evidence suggesting that the Cretan and Peloponnesian populations had 

established regular contact from very early times. The evidence for phy­

sical similarity between the populations suggests that there may also have 

been a certain amount of gene exchange between the populations, which was 

probably two-way and accompanied the assimilation of Minoan influence on 

mainland culture in the Palatial period and vice versa in the Late Bronze 

Age. In toto the evidence suggests that the Minoan and mainland popula­

tions were culturally and genetically closely related, but nevertheless 

distinct. The analyses also showed that some of the individuals in the 

Shaft Graves, who are said to be more variable than the rest of the pop­

ulation, looked more like Cretans than mainlanders. Thus there seems to 
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be some substance for a tradition which survives in classical literature, 

namely that dynastic marriages took place between the ruling houses of these 

two neighbouring powers. The stature of the Shaft Grave people which is 

significantly greater than the average height of the rest of the Mycenaean 

population, is closer to the estimated mean stature of Late Minoan Cretans, 

some of whom attaine-d a stature equal to that of the Shaft Grave princes. 

This could be taken to be a further indication that the ethnic origins of 

some of the Mycenaen Shaft Grave people may have been Cretan. 

The Minoan population also showed a similarity to the Early Neolithic 

population of Cy~rus, although these two populations are widely separated 



~n time. It may be that the two populations shared a common ancestry, 

either becau~e the islands were populated at the same time or because 

some of the Cypriot population may have subsequently migrated to Crete, 

and that similar traits were preserved in the Minoan population due t~ 
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the limits imposed on new traits being introduced into the island's pop­

ulation and perhaps due to the influence of similar selection pressures 

being exerted on populations of common ancestry living under similar 

island conditions. (A loose parallel might be drawn between human pop­

ulations evolving in the same direction and the Late Pleistocene evolution 

on both Crete and Cyprus of related species of pygmy elephant and hippopo­

tamus.) As well as illuminating the relationship between the Minoan and 

Mycenaean populations, the new evidence has brought us a step closer to a 

solution of the problem of Minoan origins. It is hoped that new material 

will become available, especially for the earlier phases of the Minoan 

period and to brllige the hiatus In Anatolia which some favour as the 

place of origin of the Minoans, In order to test the present conclusions 

further. 

The aspiration of this research was to make a contribution to Minoan 

archaeology. If in addition it helps to achieve wider appreciation of the 

role of palaeoanthropology in Aegean archaeology, it will indeed have 

achieved a useful goal. 



APPENDIX I 

,VerB 3DG 

, 

l·:iss ':2~ l.;IcGeorgE:, 
109 DrLUQS Cr9ss Road, 
r<. 1" -'- }?, va ~ersuones arK, 
1ive~pool 18 3~i Date 9 February, 1981 

D ';;:a:::' Tina, 

Ee::'8, 88 rc::'omised, a:::'e the rac..iocarool1 c.ate8 for the sam:ples of hu;nan 

and. 2.!'}ir..8.1 b0"~e \co.:"1068n) from Pl,~tyvola C:aVe, CTecE; (:;cesults in 

cO::'J.'isntion2.1 rmiocClrbon years b2_se-:::' ell the 5570 year half-life): 
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l:1.;-1814. 3300 + 50 bp (1850 "C \ II 2 (13 ) IJ I 

?~,=-1315 • 'IO,~O r:- '1 1;}) (ad 910 ) It .., '(1'4) .)\.~ .) 

3=·1-181 6 ~ 380c 
.,.. 

40 Dr} (1 eSo bc) " /:. (-,.., \ 
\.5:;,) 

z~~·-132 6. 4110 + r::.n bp / 01 60 tc) It 5 (Sa) 
J" \~. I " ' 

3:1-1 t.14 ".1e have yet to me2,3UTe the stable carbon isotope ratio. An 

esti::latea. figure for this has o.:::en used for the tiDle being, but the final 

c13te is unli::::ely to be very different from the provisior~2.1 value given 

above (:!: 50 years or so, j!rcbably). 

Please let :;,;e have your ccrn.ments on tb.ese :cesul ts when you have had 

time to consid3r them. 

';Ii th very best uishes. 

Yours sincerely, 

:';~;~~~r d.;c .E;::t~~ ~i~;50--w:l ~;,;.r !T!cmbc~ cf l!:: =t..a.l.·:r ':::L"'1'a.::c.:~P{ !;a::-Ji~!r/ i0r the GP;n~ord t~'"!cy may cxprr::-...,. Oi1 obj~c:.s 3~br:litted f\.iT 

:dcnt~(':lticn or fe; i:,J0rTIl3.!:on: nc·r C:1n L~C"l ;;-lve vali.1:acioru. 
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APPENDIX III 

The Sources of Comparative Material used In Multivariate Analysis 
, 

Data analysed from sites outside Crete (except for Wadi Ajjial) were 

obtained from publications by the following authors and are listed in 

the bibliography at the end of the thesis. 

Greece 

Eleusis 

Lerna 

Mycenae 

Nea Nikomedeia 

Turkey 

Troy 

Alisar 

Cyprus 

Khirokitia 

Sotira 

Syr ia 

Ugari t 

Palestine 

Lachish 

Egypt 

Badari 

Naqada 

Sedment 

Sudan 

Kerma 

Libya 

Wadi Ajjial 

J.L. Angel 1975 

J.1. Angel 1971 

J.L. Angel 1973 

J.L. Angel 1973a 

J.L. Angel 1951 

W.M. Krogman 1937 

J.L. Angel 1953 

J.L. Angel 1961 

D. Ferembach 1962 

D.L. Risdon 1939 

B. Stoessiger 1927 

C.D. Fawcett & A.Lee 1902 

T.1. \\foo 1930 

M. Collett 1933 

This material has been studied by the 

writer and is unpublished. Interim reports on the 

excavations since 1965 by C .M. Daniels have been pub­

lished by the Society for the Promotion of Libyan 

Studies 
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APPENDIX IV 

Some Histograms of Cranial and Post-Cranial Indices 

, 
. The diagrams in the following pages have been output by the computer 

on a graph plotter. They are included in order to amplify the informa­

tion on means for skeletal measurements of the Cretans given in Chapter 

Five, Tables S.6a-b and S.7a-b. They illustrate the distribution of the 

available values of cranial and post-cranial indices for the male and 

female samples. The samples are arranged in contemporaneous groups 

(see p. 139), except for those from Ailias and Armenoi which are treated 

separately. The diagrams are presented as follows: 

Index Page 

Cr ania I ind ex 

Fronto-parietal index 

Crania-facial index 

Upper facial index 

Nasal index 

Orbi tal index 

Palatal index 

Humerus mid-shaft index 
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Clavic ulo-humer al index 

Brachial index 

PIa tymer ic index 

Crural index 

Cnemic index 

Pubis-ischium index 

Pubic index 
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335 - 349 

350 - 363 
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AGHIOS SYLLA.S,DELIANA, GALIA, PHAPHA.LA.GOS,PIGI,- SELLOPOYLO & STAVROMENOS mJALES 

No" Individuals 

6 

4 

I 
r 2 

I 

o 
60 

I 

o - 69,,99 
70 - 74.99 
75 - 79099 
80 - 84099 
85 &: over 

70 

Hyperdolicb~~rany 

Dolichoorany 
Mesocrany 
Brachycrany 
Hyperbrachycrar~ 

I 

80 

I I 

I 

I 
I 

i 

I 
I 
I 

~ 

I 

I 
! 

, 

90 95 



) 5 FEMALES 6 6 VS. 7 7 

I] 

-CHERS ONISS OS , FOURNE5& KREVATTIrA. FEMALES 

No o Individuals 

, 

I 

I 

60 65 

THE CRAlHAL INDEX: 

o - 69099 
70 - 74099 
75 - 79<>99 
80 - 84099 
85 & over 

I 

70 75 

Hyperdolichocrany 
Dolichocrany 
1iesocrany 
Brachycrany 
Hyperbrachycrany 

80 

318 

I I 

~ 

I , 

85 90 95 



6 FEMALES 6 6 VS. 7 7 

o 

lioe Individua.ls 

I 

I 
I 

60 

I 

65 

o - 69.99 
70 - 14.99 
75 - 79.99 
80 - 34.99 
85 &. ovel.' 

KSM &. KFF FEMALES 

I 

I 

70 

EJrperdolictocrany 
Dolichocrany 
L1esocrn...'1Y 
Braabycr<my­
Eyperbrachycra!lY 

I 

80 

319 

I 

I 

I 

85 90 



2 MALES 7 7 VS. 9 9 320 I 
------------------------------------------------------------------------l~ 

PALAIKASTRO CEMETERIES & PYRGOS MALES 

Jro. Indi viduils. 

6 

4 

2 

o I 

I 

I 

60 65 

THE FRONTO-PARI~AL INDEX: 

o - 65.99 stenometopic 
66 - 69.99 Metriometopie 
70 & Over Eurymet$pic 

I 

, 

-

--

70 75 



) 3 MALES 7 7 VS. Q 9 
GYP3ADHES, MONASTlRAKI KEPHALI & PYRGDS _MA.LEB 

No. IDdi riddle 

.2 

I 

I 

o 

, : 

I 
I 

I 

60 6S 

o - 65.99 stenonatopie 
66 - 69.~9 ~triometop1e 
70 & over Bur.1~-top1c 

I 

70 

321 

I 

I 
\ 

\ 
i 
I 

I 
I 

I 
I 

I 
! 

I 



iET ELIAS MALES 7 7 VS. 9 9 

AILIAS MALES 

110. Individuals 

6 f-

4 

I 
I 

2 I 

o 

I 

I 

I ; 

60 65 

o - 65.99 stanometopic 
66 - 69.99 Matriometop1e 
70 & over Eurymetopie 

7 r , 
u 

I 

I 

322 

, 

-



101 ~1.ALES 7 7 VS. 9 9 

ARMENOI MALES 

No o Individuals 

24 

22 

20 

15 

16 

1 4 

12 

1J I I 

("' 
G 

6 

4 

2 

o 

; 

l-

I-

~ 
l 
I I 

", 

r 

; I 

60 

THE FRONT0-PARIETAL INDEX: 

o - 65099 stenometopic 
66 - 69099 Metriometopic 
10 & over Eurymetopic 

323 

I 

I 

l 
] 
J 
I 
I 
1 

I 

I 
l 

\ 

, l 
70 



324 
I 4 MALES 7 7 VS. '9 9 

AGHIOS.SYLLAS, DELIANA,GALIA,PHAPHLAGOS,PIGI,SEELOPOULO & STAVROMENOS MALES 

110. !D4.1v1duOla 

2 

I 

\ 

I 

I 

I 

o , 

, 

I 

o - 65.~~ S~to~ie 
66 - 6;.)9 ~t~~to9ie 
10 & over Euryoetep1c 

l , 

70 

I 
',1 
'J 

I 
! 



) 5 MALES 7 7 VS. Q 9 
AGHIA PELA.GIA,AGHIOSPAVLOS, CHERSONIS_SOS,FOURNE$& KAKODIKI MALE:) 

Eo. Individuals 

2 

o 

, 

I 

60 65 

o - 65099 stenometopie 

66 - 69099 Metriometopic 

70 & over Eu~metopie 

i 

I 

70 

325 I 

l 
I 

, 

I 

I 
I 



I 6 !'1ALES 7 7 V5. q 9 

KFF, TEKE & AGHIA PELAGIA \ MA.L:ES~ 
Bo. Individuals 

2 

o 

; 

I I 

60 65 

c - 65.99 stenometopie 

66 - 6'J.99 Metriomstopic 

10 & over Eur,ymetopie 

I 

70 

- - _._--------. __ .-- - --- .. --- -- ~- .. ~-.-.., 

326 

I 

, 

I 
I 
I 
I 

I 

I 
I 

I I 
75 



11 F 7 7 VS: Q 9 

KOUMARO CAVE FEMALES 

Noo Individuals 

2 

i 
I 

I 

o 

, I 

\ 

I 

60 6S 

THE FROlfrO-PLB.IEl'AL TImEX: 

o - 65099 stenometopic 
66 - 69099 Metriometopic 
70 & over Eurymetopic 

70 

327 

, 

I 

I 
I 

, I 
7S 



2 FEMALES 7 7 VS. 9 9 

PALAlKASTRO CEMETRIES ~_ PYRGOS FEMALES 

Bo. Indi viduiib 

4 

2 

I 

o 

I I 

I 
I 
I 

I 

60 65 

o - 65099 stenornatopic 
66 - 69.99 Metriometopic 
70 & over Eurymatopic 

70 

I 

, 

1 
I 

~ 
I 

75 



3 FEMALES 7 7 VS. 9 9 

KNOSSCSj1YPSADHES, MONASTlRAKI KEPHALI &: PYRGOS FEMALE3 

110. IDd1Y1duAla 

o 

; , 

, 

60 65 

o - 65.99 Steno~top1e 
66 .... tl).9J Metriometopie 
10 & cr'er EUryeetopie 

70 

329 

. --.z 

I 

II 

I 

I 

I 
7S 



..l~T 'I T AS ,r-MAL~S 7 -( \/r-. o. 9 IL-: LL-.L. rL: L- v~~ .. 

AILIAS FEMALES 

Bo. Individuals 

8 

6 ~ 

/ 
'-t ~ 

I 

2 

f 

o , 1 

60 65 

o - 65.99 sten~st~pic 
66 - 69 .. 99 Metriometopic 
70 & over Euryrnetop1c 

I 

70 7[­
.J 

I 

I 

l 
I 
I 
I 

I 

~ 
I 

I 
I 
I 

I 

330 



lor FEMALES 7 7 VS, Q 9 

ARMENOI FEMALES 

lio. Individuals 

28 

26 

24 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

o 

~ 

f 
I-

~ 

~ 

, 

I I 

60 6S 

o - 65.99 stenometopic 
66 - 69.99 Metriometopie 
10 & over Eurymetopie 

70 
-1. 

7[­
.J 

331 
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1 
J 
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4 FEMALES 7 7 VS. 9 9 332 

AGHIOS SYLLA.S, DELIANA, GALIA,PHAPHLAGOO,PIGI,SELLOPOULO,.& STAVROMENOS FEMALES 

No o L'1dividuals 

6 

4 

2 

o 

: I 

f-

f-

I 

60 65 

THE FRDNTG-PARIETAL IlIDEX: 

o - 65099 stenometopic 

66 - 69099 Metriometopic 

70 & over Eurymetopic 

1 

I 

I 

I 

I 
70 7l) I _ 



~ 5 FEMALES 7 7 VS. 9 9 

CHERS ONISSOS , FOURNES& KREVATINA FEMALES 

No. Individuals 

o 

, 

I 

60 65 

o - 65.99 stenometopic 

66 - 69.99 Metriometopic 

70 & over Eurymetopie 

70 

333 

I 
I 

I 

I 
I 
I 



6 fEMALES 7 7 VS. 9 9 
KSM & KFF FEMAUS 

lio. Individuals 

2 

I 

I 

o 

, 

60 65 

o - 65.99 steno~topic 

66 - 6J.99 ~etrio~topic 

70 & over Eur.rmetopic 

I 

70 75 

I 

I 

I 

334 

-, 
" 



) 2 MALES 7 7 V5, 18 18 

PALAIKASTRQ: CEMETERIES & Pl'RGOS MALES 
No. Individuals 

2 

o 

I 

I 

80 

, 

8
,­

':J 90 95 

CRANIo-FACIAL INDEX: 

o - 89~99 stenozygoma 
90 - 94.99 Metriozygoma 
95 - 99 .. 99 19J.ryzygoma 

100 • over aypereuryzygoma 

) 

100 ins I V 

335 

[, 

I 
I 

\ 

I 
I 
I 
I 

I 

I 1 0 



GYP.3ADHES, .MOUASTIRAKI KEPHALI & PYRGOS MALE3 

)foe Individual. 

2 r 

I 

I 

I 

I 
I o L 

80 

I 

85 90 

o - 3J.:H steno:-.y~ma 
90 - JA.79 lietriozygoma 
95 - 99.99 Et.aryZygoza 

I 
95 

100 • over nrpereuryzy~ 

I 

! 

100 105 

336 

, 

-

I 1 0 



iET ELIAS MALES 7 7 VS. 18 18 

AILIA.S FEMAL]S 

lfo. Individuals 

2 

r, 
U 

I 

f-

80 90 

CiliUiIo-FACIAL INDEX: 

o - 89.99 stenozygoma 
90 - 94.99 Metriozygoma 
95 - 99.99 Euryzygoma 

100 & over BYPereur,yzygoma 

I 
I 

337 

, 

I 

I 

100 105 



JOI MALES 7 7 VS, 18 18 

AIDlENOI MALES 

No. Individuals 

30 

28 

26 

24 

22 

20 

1 3' 

1 6 

14 

12 

10 

8 

6 

4 

2 

o 

, 

I-

I-

I-

l-

-

~ 
l-

80 8 [~ 
.~ 90 

CRA1HO-FACIAL IHDEX: 

o - 89099 stenozygoma 
90 - 94099 Metriozygoma 
95 - 99099 Euryzygoma 

100 & over Hypereuryzygoma 

338 

I , 1 

-

~ 
I 

J 
I 

I 

-

I ..., 
I 
I ..., 

I 
...J 

I 
I 
I 

l 
I 

~ 
I 

I 
--J 
I , 
\ 

1 

I 

I 1 
100 1 nJ~ I I .-.J 



18 339 4 MALES 7 7 VS. 1 q , u 

AGHIOS SYLLAS,DELIANA,GALIA,PHAPHALAGOS,PIGI,SELLOPOULO,STAVROMENOS MALES 

2 

o 
80 

I 

I 

i 

90 

o - 8) .. Y; st'~z..,;r~ 
')0 - j!..)9 ~etriQz7~ 
95 - 9909] ~ygc~ 

95 

100 .~ ¢var F.yp~~~ 

I 

i I 

100 -105 I 1 0 



I 5 MALES 7 7 VS> 18 1 B 

AGHIA PELAGIA,AGHIOS PAVLOO, CHERSONISSOS,FOURN~& KA-KODIKI llALES 

No. Indi vidua.ls 

I 

c -.l 

, 

80 85 90 100 105 i 1 0 

CRAJiIOfFACIAL INDEX: 

o - 89.99 Stenozygoma 
90 - 94099 Me~riozygoma 
95 - 99.99 Euryzygoma 

100 & over Eypereuryzygoma 

340 



6 !'1l\LES 7 7 V5. lq 1q 
u ,,-, 

KFF, TEKE & AGHIA PELAGIA VlALES 
lio. !nell vidua.ls 

2 

o 

l-

I 

I 

q r· uU 

, I 

o - 89.99 stanozygoma 
90 - 9<~. 99 i!etriozygoctS. 
95 - 99.99 furyZygcma 

100 & over Hyperaur,yzygoma 

95 100 

341 

I j, 
I 

I 
I 

I 

105 11 0 



) 1 F 7 7 VS, 1 8 1 5 

KOUMARO CAVE FE1lALES 

No. Individuals 

2 

o 
80 85 90 

CRANIC-FACIAL INDEX: 

o - 89099 stenozygoma 
90 - 94099 Metriozygoma 
95 - 99.99 ~~zygoma 

95 

100 & over Eypereuryzygoma 

342 

, 

I I 
100 'O~ I -' 1 1 0 



18 18 

PALAIKASTRO CEMETERIES & PYRGOS FEMALES 
Ho. Individuals 

2 

I 

o 
80 85 90 

o - 59 .. 99 Stenc7.ygoma 
90 - 9-1...)9 ~i:etriozygo!ila 

95 - 99.99 Eu~zygoma 

95 

100 & over ~pareu.-yzygoma 

I 

I 

100 105 

343 
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I 

I 
I 

/ , n 
I I ~ 



) 3 FEMALES 7 7 VS. 18 18 

- -- - - -

GYPSADHES, YONSTIRAKI KEPHALE & PYRGOS FEMALES 

I 

I 

o 
80 

, 

85 90 

o - 2. J .19 S t::il 0 z:r L~ 
}O - J~.79 ~:etriozj~ 
95 - 9J.99 ~ygoma 

I 

I 

95 

100 • over F~rynygoma 

i I 

100 -105 

344 

, 

11 0 



iET EL I.AS FEMALES 7 7 VS, 1 8 1 8 

AILIAS FEMALES 

1l0. Individuals 

2 

I 
I 
I 

I 

o 
80 

I 

I -

85 90 

CRANIG-PACl!.I., Ii'IDEX: 

o - 89.99 stenozygoma 
90 - 94.99 Metriozygom.:"l 
95 - 99.99 Euryzygoma 

100 &. over Hypereu...-yzygoma 

95 

T 

I 

1 0(\ 
I .J 

I 

'fie::; lU-, 

345 

I 

I 1 0 



~o I FEM,ALES 7 7 VS, 1 8 1 8 

ARMENOI FEMALffi 
Io. Individuals 

30 

23 

26 

24 

22 

20 

18 

16 

14 

12 

10 

6 

6 

4 

2 

o 

I 
f-

~ I 

I 
I 

I 
I 
r 
[ 
I I 

80 85 90 

CRL'>.fIo-FACIAL INDEX: 

o - 89.99 stenozygoma 
90 - 94.99 Metriozygorna 
95 - 99.99 Euryzygoma 

100 & over Hypereuxyzygoma 

95 

346 

-

-

J 
I 

~ 
I 

1 
1 
l 
I 

-l 
I 

l 
1 

I 

l 
I 

1 I 
100 105 I 1 0 



I L- 7 7 VS. 347 

AGHIOS ~SY1LAS,J)ELIANA, GALIA,J~F..A:e.HALAGOS.$.PIGI,.SELLOPOULO,.STAVROMENas, FEMALES 

No. Individuals 

4 

2 I 

I 
I 

o 
80 90 

CRANI~FACIA.L INDEX: 

o - 89099 stenozygoma 
90 - 94099 Metriozygoma 
95 - 99099 EurJzygoma 

"5 'I 

100 & over HYpereuryzygoma 

I , 

I 

1 
I 
I 
I 
I 
I 

I 1 

iOO 105 I 1 0 



) 5 FEMALES 7 7 VS, 15 18 

CHERSONISSOS, FOaRN~& 1CREVAT:niA FEMALES­

No. Individuals 

o 
85 90 

o - 89.99 stenozy~~ 
90 - 94.?9 ~etriozygona 
95 - 99.99 Eu...7zygo!!ts 

100 & over. I!ypereu.ryzygoma 

n5 y 100 

348 

I 

1 oe-
I _J I 1 0 



A r~MAL~0 7 7 1/5. _, r L_. I ,-,,) Y 18 18 

EEl! & KFF FEMA.LES 

No. IndivIduals 

o 
80 90 

o - 8:'h 9:l Sten:cz;n,.>'O,-:ID 
·90 - 94.99 }j2tric~y~~ 
95 - 99.99 Bur.1z~goma 

100 & over ~~~~zygon& 

95 

349 

, 

I 
100 110 



) 2 MALES 18 18 VS. 16 16 

- PALAIKASTRO CEMETERIES &. PYRGOS MALES 

-Jio. Individuals 

, I 

o , .L 

40 45 50 

UPPER FACIAL INDEX: 

o - 44.99 
45 - 49.99 
50 - 54.99 
55 - 59.99 
60 &. over 

Hypereuryeny 
Euryeny 
Meseny 
Lepteny 
Hyperlepteny 

55 60 

I 

It 

I 
I 

65 70 

350 

- -, 
, 
; 



3 MALES 18 18 VS. 16 16 

GYFSADRES, MONASTlRAKI KEPHALI & PYRGOS MALES 

rio. Individuals 
2 

I 
c I 

-.z:5 • ...J 

I 

I 

40 

o - ~4.99 
45 - 49 .. 99 
50 - 54.93 
55 - 59#99 
60 &; over 

I 

45 

l-epteny 
Hy-psrlepteny 

55 

I 

I 

60 65 

351 

, 



iET ELIAS MALES 18 18 VS. 16 16 

AILIAS :MALES 

No. Inti viduala 

2 

o 

I 

I 
I 

I 
I 
I 
I 

I 

35 Ln ,U 45 50 

UPPER FACT..AL nmEX: 

o - 44e99 ~1Pareu.~~ 
45 - 49.99 Euryeny 
50 - 54.99 1!eseny 
55 - 59.99 Lepteny 
60 & over ayperlept~ 

352 

I 

I I T 

I 

55 60 65 



353 

~o I M,ALES 1 8 1 8 VS. 16 16 

ARMENOI MALES 

No o Individuals , 

2q 
.\...1 j I I I 

2A '....J 

24 -
I 

J 22 I 

20 I 

18 

1A , \...I 

1 4 
[ 

I 

I 
12 I 

I l 
1 D ~ 

I 
I 

8 ~ 

A J 
\....; I 

I 

4 ~ 
I 
I 
I 

~) I 

L r-

1 0 
7r-
.,) ~j 40 45 50 55 60 65 7n 

. \..I 

UPPER FACIAL INDEX: 

o - 44099 Hypereuryeny 
45 - 49099 Eur,feny 
50 - 54c99 Meseny 
55 - 59099 Lepteny 
60 & over Hyperlepteny 



4 MALES 18 18 VS. 16 16 354 

.. -
AGHIOS SYLLAs,DELIANA,GALU,PHAPHALAGOS,PIGI,SELLOPOULO,STAVROMENOS 'MALES 

170. Individuals 

I 

o l 

I 

, 

40 

o - 44e;t) 
45 - 49 .. 93 
50 - 54.99 
55 - 59.99 
60 &. over 

I 

45 co ..J' 

Hy?e-rsuryen-.y 
EU.-ytStny-
J!.-e-s eny 
Lepteny 
Hyperlepte:l3' 

I 

I 

I 
I 

; 

60 
I 

65 

~ 

7 r , 
. J .'-' 



5 11/\1 ES 18 18 VS, i6 16 

2 

o 

AGHIA PELAGIA,AGHICS ._PAVLOS;CHERSONISSOS;FOURNE5& KAICODIKI YALES 
lio. Individuals 

; 

I 

, I 
40 45 5r -J 

UPPER FACIAL INDEXI 

o - 44.99 HYPereuryeny 
45 - 49.99 ~-yeny 
50 - 54-99 Meseny 
55 - 59.99 Lepteny 
60 & over Hyperlept~ 

I 

I 

I 

I 
I 

55 60 65 

355 

II 

70 



2 

o 

1 6 16 

KF~-, _ T~KE !!- _ A~H;cA ~ELAGIA MALES 

I 

I 

I 

40 45 50 

o - 44.J9 Hypareur.T~ 
45 - 4).99 Euryeny 
50 ... 54. ~19 ~escny 
55 - 59.99 Lepteny 
60 & OYer Hyperloptenr 

55 60 

356 

, 

I 
I 

I 
I 
\ 

65 70 



)1F 18 18 VS, 16 16 

KOUMARO CAVE FEMALES 

No. Individuals' 

, 

I 

, 
I 
I 

I 

o I 

40 45 50 

UPPER FACIAL TImEX: 

o - 44099 
45 - 49099 
50 - 54099 
55 - 59099 
60 & over 

Hypereuryeny 
Euryeny 
Meseny 
Lepteny 
Hyperlepteny 

357 

I I 
~ 

I 

I 

I 

I 
I 
I 

I I I 
60 6S 70 



I 2 FEMALES 18 18 VS. 16 16 

-

PALAIKASTRO CEMETERIES & PYRGOS FEMALES 

lio. Individuals 

I I 

o I I 

35 40 45 50 

UPPER FACIAL DmBXz 

o - 44.99 
45 - 49.99 
50 - 54.99 
55 - 59.99 
60 & over 

Hy:pereuryeny 
E.l.-J-eny 
11eseny 
Lepteny 
liyperlepteny 

I 
I 

55 

, 

: 

6n u 

358 

I , 

I 

I 

I 

. c-
6.J 70 



iET ELIAS FEMALES 18 18 VS. 16 16 

AILIAS FEMALES 

No. Individuals 

2 

\ 

I 

I 

o 

I I 

I 

40 4S 

o - 44.99 HypereuxrJeny 
45 - 49.99 Eur.7~ 
50 - 54.99 Meseny 
55 - 59.99 Lapteny 
60 &. ever Uyperlepteny 

359 

I 

I 

SS 60 65 



~o I FEMALES 1 8 1 8 VS. 1 6 1 6 

ARMENOI FEMALES 

Ho. Individuals 

22 

20 

'q tv 

16 

14 

12 

10 

8 

4 

2 

o 

t-

t-

t-
I 

I 
~ 
I 
L 

I 

I 
I 

~ 

f 
I 

I 

40 15 '+ 

I 

50 

UPPER FACU.L IHD¥..: 

o - 44099 Hypereur3eny 
45 - 49.99 Euryeny 
50 - 54.99 Meseny 
55 - 59.99 Lepteny 
60 & over Hyperlepteny 

360 

I 

.... 
I 

J 

j 
I 

I 
I 

l 
J 

j 
I 

1 
J 

I 

J 
I 

J 

1 
55 60 



) 4 ")..,1 {I' ~c 1 R 1 Q VS' ,rc,'lnL~~ u,~ • 1 6 1 6 361 

AGRIOS SYLLAS, DELUNA, GALIA, PHAPF.A.LAGOS, PIGI, SELLOPOULO,STA VROMENOS FEJlALES • 

No .. Individuals 

2 

o 
75 .J, 40 45 
UPPER FACIAL INnEX: 

o - 44099 Hypereuryeny 
45 - 49099 Euryeny 
50 - 54 .. 99 Meseny 
55 - 59 .. 99 Lepteny 
60 & over, Byperlepteny 

, 

I 

I 
SS 6S 70 



5 FEMALES 18 15 VS. 16 16 
. CHERSONISs.Da, FOlJliHES& KREVATINA FEMALES . 

Ho. Individuals 

o 

\ 

\ 

I 
I 

I 
I 

, 

I 

40 

I 

4S Sr: u 

UPPER FACIAL nmEX: 

o - 44.39 Hypersuryeny 
45 - 49.99 EuryBny 
50 - 54.93 MesG5Y 
55 - 59.99 L€pts~rty 
60 & over EYPerlept~ 

I 

, 

ss 60 

362 

I , 

I 

I 

\ 

70 



) L rrl~ALrc In,,~, 1:(.,~ 'V3, o rC'-1 \ C,:) ~ .5 1 6 1 6 

o 
35 

ISM &: KFF FEMA.LE3 

I.Ji ,\..) 50 

o - ~M. 39 ltr-~raur'yOOY 
45 - 4).91 ~eny 
50 - 54.;; ~6k:Geny 
55 - 5y&}) Lepta~y 
t,o &O'lfU ~l(..~t~ 

363 

, 

! 

I 
55 60 65 



I 2 MALES 19 19 VS. 20 20 

PALAIKASTRO CEMETERIES &: PYRGOS MALES 

No. Individuals 

2 

o 

; 

I 

40 

THE NASAL INDEg£1 

o - 41.99 
48 - 52.99 
53 &. over 

I 

I 

--1 1 
45 

Leptorrhiny 
11esorrhiny 
Platyrrhiny 

I 
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