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The Eye Injury of King Philip II 
and the Skeletal Evidence from 
the Royal Tomb II at Vergina 

Antonis Bartsiokas 

The Royal Tomb II was discovered in Vergina, Greece, in 1977. It contained a 
male skeleton and a rich array of grave goods. Evidence of trauma supposedly 
in the orbital bones of the skull has been thought to correspond to an eye injury 
that King Philip II is historically known to have suffered. However, reexami- 
nation of the orbital morphology showed no evidence of such pathology. 
Therefore, the skeleton does not belong to Philip II. New skeletal evidence shows 
that the skeleton belongs to King Philip Ill Arrhidaeus. In this case, the tomb may 
well contain some of the paraphernalia of Alexander the Great. 

A tomb designated Royal Tomb I1 was dis- 
covered at Vergina by Andronicos in 1977 
(I). It was divided into two chambers. The 
main chamber contained a marble sarcopha- 
gus inside of which a golden chest (or lamax) 
bearing the Macedonian star burst was dis- 
covered. The chest contained the almost com- 
plete cremated skeleton of a man. Within the 
antechamber, a similar sarcophagus and chest 
were discovered, containing the cremated 
skeleton of a woman. The richness of the 
grave goods was astonishing. Among them, 
two small ivory heads have been identified as 
those of King Philip I1 and Alexander the 
Great (1). There were also a gilded silver 
diadem, a gold-sheathed sceptre, an iron and 

Anaximandrian Institute of Human Evolution, 6 Aegi- 
nis Street, CR-166 73 Voula, Greece. E-mail: 
anaxbart@otenet.gr 

gold cuirass, an iron helmet, and an elaborate 
ceremonial shield (1). Considerable interest 
has been focused on the identification of the 
male occupant of the tomb. Andronicos, on 
the basis of archaeological evidence that 
pointed to a date around 336 B.C., identified 
the tomb as that of King Philip I1 of Macedon 
(I), father of Alexander the Great. However, 
mounting archaeological evidence (2, 3) that 
points to a date around 317 B.C. suggests that 
the tomb belongs to King Philip 111 Arrhi- 
daeus, son of Philip I1 and half-brother of 
Alexander the Great. As a result, the anthro- 
pological evidence became crucial to test the 
archaeological hypotheses. 

The aim here is to study the paleopathol- 
ogy of the male skeleton using macropho- 
tography, because no close-up pictures of his 
injuries had ever been obtained to study the 
microstructure of the wounds. Macropho-
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tography was used for all points of facial postcranial injuries, only slight degenerative than those of many recent nonpathologic 
anatomy at issue (Figs. 1 through 4). This changes (4) that were apparentlythe effect of skulls (9).There is some surface roughening 
method provided the proper magnification, osteoarthritis. Similarly, Prag and Neave over the bony protuberance,but there is more 
often termed "natural size" (1:1) among pho- agree that there is no evidence of any fresh or roughening on the left orbit. Similarly, the 
tographers; that is, that obtained between a healed damage to the postcranial skeleton "notch" is identifiedwith what is anatomical-
microscope lens and a normal camera lens. (7), an observation that is confirmed here as ly termed the frontal notch (Figs. 1and 2) and 
As a result, the whole structure under study 
was included in the photograph, and the nec-
essary depth of field was obtained. Here, for 
instance, the magnification obtained in Fig. 1, 
with a Minolta 700si camera and a macro 
lens, is X4. It could have been much more if 
needed. Fujichrome Sensia film rated at 100 
was used at an f-stop of 32 and a shutter 
speed of 1/60 s in all close-up pictures. This 
method is simple, fast, and portable, but it 
requires some skill in photography. With mi-
croscopy, it is difficult to obtain such a low 
magnification with such a high depth of field. 
I examined the male skeleton from Royal 
Tomb I1 in the laboratories of the Vergina 
Archaeological Museum in 1998. The bones 
were in excellent condition because they 
were consolidatedand restored quite satisfac-
torily (whereverthat was possible) by Xiroti-
ris before 1981 (4). 

The bone pathology of the male skeleton 
is crucial as to the identificationof the occu-
pant of Royal Tomb 11, because it is histori-
cally known that Philip 11, being a warrior, 
suffered many wounds (5); whereas Arrhi-
daeus, being unwarlike, suffered none (1, 6). 
These wounds of Philip I1would undoubtedly 
have left their mark on his skeleton. For in-

well. The only wound previously reported on 
the skeleton of the male occupant of Royal 
Tomb I1 was an eye injury to the skull (6, 8). 
This injury has become the hallmark of the 
identification of the male occupant of Royal 
Tomb I1 as Philip I1 (7) and has led to a 
famous reconstruction of his face showing a 
scar over his right eye (8). The original report 
found no morphological or radiographic evi-
dence of any injury to the skull that was 
consistent with the severe eye wound suf-
fered by Philip I1 (4). It was concluded that 
the hypothesis that Philip I1 and his wife 
Cleopatra were the occupants of Royal Tomb 
I1 was supported only by the age and sex 
determinations of the human remains (4). In 
view of the similar biological ages of Arrhi-
daeus and his wife Eurydice, the age deter-
minations are no longer conclusive for the 
identification of the occupants of Royal 
Tomb I1 (2, 6). Others (6), however, reported 
that there is a "notch" on the superior margin 
of the right orbit, supposedly made by the 
arrow that injured Philip I1 (Figs. 1 and 2). It 
was also reported that there is a "pimple" of 
bone close to where the supraorbital nerve 
would have passed; this was cited as evidence 
of healing after the injury (6) (Figs. 1 and 2). 

bears no evidence of healing or callus forma-
tion as would be expected in a notch made by 
an arrowhead. The evidence provided here 
regarding the right orbit may explain the 
discrepancy in which the famous reconstruc-
tion of the eye scar (8) shows a nick in the 
right eyebrow (presumably made by the de-
scendingarrow) running in direction from the 
upper left to the lower right (4, whereas the 
small ivory head of King Philip I1 used by the 
advocates of a Philip I1 identification (I) 
shows the brow nick running in the opposite 
direction 0).It has been suggested that there 
is an abnormal asymmetry between the two 
orbits of the frontal bone that is caused main-
ly by the notch (6). However, a fracture line 
that runs parallel to the supraorbitalmargin of 
the left orbit shows that the bone was lifted 
up during cremation, so as to create this 
seeming asymmetry (Fig. 4). Regardless of 
the cremation effects, it is not unusual to have 
a supraorbital notch on the right orbit and a 
supraorbital foramen on the left orbit of the 
same skull, resulting in a normal asymmetry 
between the two orbits (10). 

It has been reported that the male skull 
presents a facial asymmetry that is the result 
of the arrow wound that removed Philip's 

stance, his right clavicle was shattered with a In this way, the alleged eye injury to the skull right eye (11). Since there is no skeletal 
lance in 345 or 344 B.C., a wound to his right (8) provided the identification for the occu- evidence of such an arrow wound, as has 
femur was nearly fatal and left Philip I1 lame 3 pants of Royal Tomb I1 (5). been shown here, it follows that there is no 
years before his death, and another wound I studied the anatomy of the right orbit of facial asymmetry (at least caused by such an 
maimed his arm (5). The most important of his the male skull of Royal Tomb I1 (Figs. 1 and arrow wound) either. Besides, there is no 
wounds is the blinding wound Philip I1 suffered 2) by means of macrophotography. As seen reason why such a facial wound would result 
to his right eye from an arrow at the siege of in Figs. 1 and 2 of the right orbit, the "pim- in such an extensive bone remodeling that 
Methone in 354 B.C., 18 years before he was ple" anatomically corresponds to the bony would change the whole symmetry of the 
assassinated in 336 B.C. (5). protuberance of the supraorbital notch and face. At the most, it would cause a bone 

In a thorough investigation, including the therefore does not constitute evidence of reaction to a possible infection. But no such 
use of radiography and histology, Xirotiris bone remodeling or callus formation. This infection is evidenced by the skull. There has 
and Langenscheidt found no evidence of any bony protuberance is even less pronounced also been mention of a "healed fracture" (6, 

Fig. 1 (Left). The right orbital margin of the male occupant of Royal 
Tomb I1 at Vergina (frontal view). The left arrow shows the bony 
protuberance of the supraorbital notch, and the right arrow shows the 
frontal notch. No  evidence of healing or callus formation can be 
observed. Fig. 2 (right). The right orbital margin of the male 
occupant of Royal Tomb I 1  at Vergina (internal view). The left arrow 
shows the bony protuberance of the supraorbital notch, and the right 
arrow shows the frontal notch. No evidence of healing or callus 
formation can be observed. 
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7) at the zygomaticomaxillarysuture caused 
by the arrow, which after hitting the eye 
"struck the cheekboneat thejoin between the 
maxilla and the zygomaxillare with such 
force that it caused the suture to open and the 
two bones to move out of alignment.A small 
piece of bone was knocked away in the inci-
dent" (7). Again, there is no evidence of 
healing at this suture (Fig. 3), because the 
trabecular bone is still exposed, apparently 
from a crack made during cremation. If it 
were healed, no trabecular would be exposed 
because 18 years had passed between the 
wound and Philip's I1 death. The suggested 
antemortern fracture in this area is an artifact 
of the skull reconstruction (12). What the 
skull shows is bone distortion owing partly to 
cremation and partly to a poor reconstruction 
of the facial skeleton. In other words, we 
conclude that the "healed fracture" is an ar-
tifact of whatever these bones suffered post-
mortem. Similarly, the reported gross asym-
metry between the lateral walls of the right 
and left maxillary sinuses (7, 13) is a result of 
this poor reconstruction (Fig. 3). A fragment 
of the jugal crest was broken off, apparently 
during cremation, and then badly reconstruct-
ed so as to give the impression of asymmetry. 
The presence of "osteophytes" (13) (appar-
ently meaning exostosis) and alveolar resorp-
tion on the right side of the alveolar process 
(11, 13) as a result of possible periodontal 
disease is too limited (4) to account for the 
seeming asymmetry. Regarding the state of 
preservation in the area of the "nick," there is 
no differencebetween what Xirotiris in 1981, 
Musgrave in 1983, and myself in 1998 stud-
ied, as can be seen from the photographs they 
produced (4, 6). Thus, the material examined 
by Musgrave and myself was not less com-
plete or in any way downgraded since Xiroti-
ris reconstructed it, refuting any suggestion 
that differing things were examined. 

It should be noted that the direction of 

the "notch" in the orbit is different from the 
position of the supposed "healed fracture" 
of the cheek; the "notch" goes straight into 
the orbit, whereas the supposed "healed 
fracture" is in a completely different level 
and direction. The arrow could not have 
knocked away a piece of bone from the 
zygomaticomaxillary suture had it not first 
struck the infraorbital margin, because the 
former is tucked under the latter. However, 
no evidence of such injury in the infraor-
bital margin exists. The suggested asymme-
try of the mandible (6, 7) is also the result 
of cremation and not the result of congen-
ital deformation or injury; the mandible, for 
instance, is wider than the maxilla. Bone is 
very pliable when on fire. Therefore, bones 
in cremations may easily be deformed by 
the weight of overlying items, such as burn-
ing wood. Experiments in kilns and ovens 
can be misleading [see, for example (7, 
13)]. In such experiments, the bones are 
placed on flat surfaces and remain rather 
undistorted without the effect of any over-
lying weight. 

For various archaeological and histori-
cal reasons (I, 6, 14), it is unlikely that 
Arrhidaeus was cremated soon after death: 
It has been suggested that after Arrhidaeus' 
assassination and burial by Olympias in 
317 B.C., Cassander exhumed, cremated, 
and reburied Arrhidaeus the following 
year; that is, about 6 months after his death. 
It seems that Cassander did that as a policy 
to establish his own legitimacy by honoring 
the last king of the Argeads. So the critical 
question that would determine the identity 
of the cremains is whether there is any way 
of determining from the bones themselves 
whether they were cremated with flesh 
around them or cremated dry (degreased) 
after the flesh had been decomposed by 
burial. Fortunately, forensic anthropology 
can give the answer: Long bones cremated 

dry are nearly intact in size and form and 
show negligible warping; they assume a 
light brown color and present infrequent 
and straight transverse fractures (15). Long 
bones cremated fleshed are fragmentary 
with marked warping; they assume a white, 
blue, and gray color and present frequent 
and parallel-sided transverse fractures that 
are either curved (thumbnail) or serrated 
(15) (it is not as yet clear what happens to 
the flat bones). In flesh-covered bones, the 
mechanical alterations mentioned above 
occur because of the denaturation and con-
traction of bone collagen at high tempera-
tures (16). This produces many transverse 
cracks perpendicular to the direction of the 
collagen fibers (that is, the long axis of the 
bone) and marked warping as the collagen 
contraction drags the bone mineral along. If 
the bone is dry because of having been 
buried in the ground, the collagen-apatite 
bonds weaken (17) and the collagen is 
hydrolyzed into smaller peptide products 
(18). Then, during cremation, the collagen 
cannot drag the bone mineral along. As a 
result, warping and transverse cracking in 
dry bone are minimal and of different kind. 

In mechanical terms, the transverse cracks 
formed in a fleshed bone during cremation 
are perpendicular to the direction of the col-
lagen tensile forces, as when wedging a log. 
This results in curved or serrated transverse 
fractures. In dry bone, where the tensile forc-
es of the collagen are weak and the transverse 
forces predominate, the transverse cracks are 
the result of a "tearing" phenomenon; that is, 
the shearing forces are perpendicular to the 
direction of the crack. This results in straight 
transverse or step fractures that extend from 
the margin of the longitudinal fractures 
across the bone. Such a step fracture is shown 
in Fig. 5. 

As can be observed from the long bones 
of the male skeleton, the preservation of the 

Fig. 3 (left). The area of zygomaticomaxillary suture showing the 
"nick," that is, the misalignment of bones owing to the fact that 
some fragments, such as the jugal crest shown here, are badly stuck 
together. No  evidence of injury can be observed. Fig. 4 (right). 
The Left orbital marein of the male occuoant (internal view). The 

asymmetry observed between the two orbits (6) is mainly a postmortem effect: The top part of theubone was lifted up &ring iremation. 
' 
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Fig. 5. The left tibia. A 9. 8. K. B. Berkovitz and B. J. Moxham, Color Atlas of the 

typical example of a Skull (Mosby-Wolfe, London, 1989). 

long bone from the 10. See, for example, T. D. White and P. A. Folkens, 

male skeleton: nearly Human Osteology (Academic Press, San Diego, CA, 

intact, with minimal 1991), fig. 4.2; G. Hauser and G. F. De Stefano, 
Epigenetic Variants of the Human Skull (E. Schweiz- warping and a step erbartsche Verlagsbuchhandlung, Stuttgart, Germa- 

transverse fracture, ny, 1989), plate VIII. 
which are are all evi- 1 l. J. H. Musgrave, in Current Topics h Oral Biology, S. J. 
dence of a dry bone Lisney and 8. Matthews, Eds. (Univ. of Bristol Press, 
cremation consistent with the taphonomic history of Arrhidaeus. Note that the step fracture in the Bristol, UK, 1985). pp. 1-16. 
distal part of the tibia extends from the end of the longitudinal crack across the shaft of the bone. 12. N. Xirotiris, who did the reconstruction of the face, 

said on Greek television in 1999 that he was the one 
who misreconstructed the maxilla, that it was the 

bones is excellent, with minimal warping 
and transverse cracking that is straight (Fig. 
5). The skeleton is almost complete ( I I ) ,  
and light brown is the dominant color of the 
bones. Only the left proximal ulna presents 
some curved transverse fractures, probably 
the result of insufficient decomposition in 
this area. The right ulna is nearly perfect, 
with a longitudinal crack. This type of pres- 
ervation of the male skeleton shows that 
most of the bones were dry when cremated; 
that is, they were buried for some time 
before they were cremated. This is consis- 
tent with the taphonomic history of inhu- 
mation, cremation, and reinterment that 
only the bones of Arrhidaeus underwent, as 
already mentioned. Nevertheless, Mus- 
grave reported that the bones appear suffi- 
ciently warped to have been burned fleshed 
( I I ) ,  although he accepts the near-com- 
pleteness and the huge size of many bones 
( 6 ) ,  the lack of transverse breaks, and the 
slight warping of many bones ( 6 ) ,  despite 
his own experiments in a kiln with a dry 
radius that showed no transverse cracking 
(13). To explain the good preservation of 
these bones, he suggested a different cre- 
mation technique (13): burning in a brick 
box constructed around the body ( 6 ) .  But 
of course the real reason for the good pres- 
ervation is the conspicuous lack of trans- 
verse cracks in many of the bones. 

King Philip I1 suffered severe injuries, 
but there is no skeletal evidence whatsoev- 
er of any injuries to the male occupant of 
Royal Tomb I1 at Vergina, especially in the 
orbital bones. The reported facial injuries 
and asymmetries are mainly the result of 
cremation and poor reconstruction of the 
skull; there is thus strong anthropological 
evidence against a Philip I1 identification. 
The skeletal evidence that shows a dry bone 
cremation leaves no room for doubt that 
Royal Tomb I1 belongs to Philip I11 Arrhi- 
daeus. This is consistent with the archaeo- 
logical evidence that points to a later date 
(2, 3)  for Royal Tomb 11. In this case, some 
of the artefacts of Royal Tomb I1 may 
belong to Alexander the Great (2) ,  which 
Philip I11 Arrhidaeus inherited from his 
half-brother Alexander in Babylon and 
brought back to Macedonia (2) ,  where he 
was buried with them as the last king of the 
Argeads. 
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Emergence of Genetic Instability 
in Children Treated for Leukemia 

T cells from patients who had received chemotherapy for B-lineage acute 
lymphocytic leukemia were studied t o  determine whether genetic insta- 
bility, a principal characteristic of cancer cells, can also occur in nonma- 
lignant cells. Consistent with expectations for a genetic instability pheno- 
type, multiple mutations were detected in the  hypoxanthine-guanine phos- 
phoribosyltransferase (HPRT) reporter gene in independently isolated mu- 
tant  T cells expressing identical rearranged T cell receptor P (TCRP) gene 
hypervariable regions. These results indicate that  cancer treatment can lead 
t o  genetic instability in nonmalignant cells in some individuals. They also 
suggest a mechanistic paradigm for the  induction of second malignancies 
and drug resistance. 

Carcinogenesis is a multistep process in 
which somatic cells acquire a series of stable 
genetic mutations in a specific clonal lineage. 
How multiple mutations accumulate in the 
same cell over a clinically relevant time pe- 
riod remains unclear, because individual spon- 
taneous mutations ( - 1  X to 1 X 
mutation per cell division) occur at low rates in 
vivo. One hypothesis states that genetic insta- 
bility develops early to produce an increased 

rate of mutations in a distinct clone (1, 2); 
another postulates that multiple mutations sim- 
ply accumulate as a consequence of extensive 
clonal proliferation (3). In either case, genetic 
instability likely involves cellular changes that 
affect the expression andlor function of cell 
cycle (4-6), cell death (7), and DNA repair 
pathways (8). These cellular changes have been 
presumed to be unique to premalignant or 
frankly malignant cells. The purpose of this 
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