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ABSTRACT

Skelelal remains are the conventional materials used in assessing the physical, genetic, and health char-
acteristics of past cultures and o infer on their dietary history, lifestyle and demography. The purpose of
this study is o examine the characteristic markers in the life of a Late Byzanline population who lived near-
by the Sea of Marmara in Inanbul and to assess the nulrition and éffects of wrbanization in the arca. Remains
are from the five graves uncovered 1,5 m under the floor of the Kiigtik Ayvasofya Mosque. In the study, age
al death, sex, dental and skeleion population specific diseases were examined. The population consisis of
20 individuals; 5 subadults, ¥ adults and 6 unaged. There were a few cases of disease including periosti-
1is, spondylolisthesis, sping bifida and a rare case of pink leeth of P2, There was a well developed arthri-
1is in a male knee joinl and verlebral osteophyvies in some adults. The health is determined from tecth, trau-
ma and infectious discases of the skeletal remains. It is thought that there were various factors related lo
increased urbanization and intense labor causing nulritional siress and frauma,

bzer

Irkelet kalmnlarmdan, sikdikla yeme algkanhfoun tarihgesing ve yagam bigimini, demografilerden ise fizi-
ki, genetik ve saglikla ilgili dzellikleri belirlemek amaciyla yararlawdy: Bu galigmarnmn amacy, Istanbul'da
Marmara Denizi knyvnnda vagamiy Geg Bizans toplulugunun fiziki karalterlering aragtrarak bolgedeld bes-
lemme ve siirekli sehirlegmenin etkising ortayva koymaktir, Caliplan kalmnlar, Kigik Avasofya Camii'nin
1,5 m altmda bulunan bey mezardan elde edilmigiir. Oliim yag, cinsivei, diy ve topluma édzgii spesifik has-
talvklar aragtmimugtr. Topluluk, 5 cocuk, 9 yetigkin ve 6 yag bilinmeyen kigiden olugmaktadr, Grupta, az
sayida perigstitis, spondyviofithesis, spina bifida ve nadir goriilen olan pembe diy vakas raptanmugnr. Bir
yetighin erkekte ekstrem diz eklemi ve ban yetigkinlerde de vertabrada osteofit gelisimi gézlenmigtir, [is,
travma ve enfeksiyonel hastaliklardan belivlenen toplulugun saghgem hem uzun siiven gehirlegme hem de
agwr fiziki giig gerekiiren igpiliklerde cahgplmanndan étiing beslenme sorunu yagadigy ve travma gegirdigi
diigiiniilmektedir,
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INTRODUCTION

Bioarchaeology is defined as the application of sci-
entific techniques 1o the assessment of ancient bio=
logical remains. Osteological analyses of skeletal
and dental remains are frequently used to identify
physical, genetic, and health characteristics of a pop-
ulation, Teeth are considered as one of the most reli-
able indicators of diet, since they are formed in
embryonic hife, seing affected by diet, environment
and genetics. Inferences are also made about dictary
history, lifestyle and demography from the bones
(Angel 1971; Ozbek 1990; Giilec et al. 1998; Sevim
et al. 2004). Bioarchaeology has now the means to
procure data, measure and to infer on any past pop-
ulation providing to develop an insight on the sub-
sistence patterns. Morcover, the developments in
the methodology and in the scope of bioarchaeo-
logical rescarch has now became a stimulus to other
academic fields, triggering wide range of new
research prospects, for example providing the inter-
[ace between biological characteristics and econom-
ic success in ancient cultures (Erdal and Duyar 1998).
The critical role of subsistence and diet in human
biology and culture is best reflected in the adaptive
shift from foraging to farming that took place during
the last 10,000 years, eventually to become the glob-
al model, (Cohen and Armelagos 1984; Larsen 1995).

Humen dentition end bones have been under control
of genetics and environmental factors (Larsen 2002).
Dental diseases, bone degeneration, infection and
trauma are the most studied markers in skeletal
remains to obtain data on cultural practices (Angel
1971; Brothwell 1981). The stedy of enamel defects
is well illustrated with hypoplasia for ancient popu-
lations (Hodges 1987; Van Gerven et al. 1990; Cuci-
na and Iscan 1997). Chronic infectious discases,
including periodontism, dental caries, periostitis and
oslenarthritis has remained unchanged over thou-
sands of years (Stewart 1953; Rudan et al. 2004). The
protrusion of an intervertebral disc defined as
Schmorl’s node, is another often seen pathology in
skeletal populations (Salja et al. 1986), considerad
to be associated with biomechanical stress on the cor-
pus of vertebrae (Lovell 1997; Ustindag 2009}, Some
comgenital anomalies are frequently studied on the
vertebrae such as spondylolisthesis and sacral spina
bifida caused by neural arch defect, not only in the
past but also in contemporary human groups (Stew-
art 1953; Kumar and Tubbs 2011).
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The purpose of this study is to investigate health and
physical charactenistics of a small Late Byzantine
population who lived in a coastal area of the Sea of
Marmara in Istanbul.

MATERIALS AND METHODS

The Kiigitk Ayasafya Mosque (KAS) is located in
Sultanahmet-Kadirga district of Istanbul, close to the
Sea of Marmara, in the vicinity of the mins of the
Great Palace (Fig. 1) { Anonymous 2009). Original
by built as a church in 527-536 A.D by the Byzantime
emperor [ustinianos T and his wife Theodora, adjoin-
ing the northen wall of an existing basilica dedicat-
ed 1o the Saints Peter and Paul, inside the sea walls
along the Sea of Marmara. The church was also n
close proximity of the Hormisdas Palace, Justin-
ian’s residence prior to his enthronement. Both
churches shared a courtyard to the west and they
were surmounded by monastery buildings managed
by the Monophysites, Historical resources show that
the church was dedicated to the Saints Sergius and
Bacchus (archnet org/library/sitesfone-site jspTsite_
id=T343). [t was altered 1o a mosque in 1506 during
the rule of Sultan Beyand II (Fig. 1).

The material considered with this paper are human
skeletal remains (Graves 1-6) found 1,5 m recovered
below in the marble floor of Kigik Avasofya
Mosque dunng the restoration works carned out
under the auspices of the Istanbul Archacological
Museums m 20011. The documents and final reports
of the excavation are not available yet, but accord-
ing to M. Gitkcay!, the archaeologist in charge of the
excavation, seemingly the bodies were buried hap-
nazardly on top of each other without any particu-
lar directions or positions. Some skeletons have
bulks of lime on their chests and one of the burials
was in a wooden coffin filled with lime, Moreover,
the graves were gouted with lime and the top of the
grave was closed by stone. Gokcay has emphasized
that such process took place when plague was in
question. The graves might have been dated 1o the
Late Byzantine period but it is not certain yet?. The
remains were studied at the Istanbul University
Institute of Forensic Sciences Anthropology Labo-
ratory. The photographs illustrated in the article
{(also the Mosque) were taken by the authors with a
digital camera.

——
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Graves G1 through G5 were analyzed; the bones
from G were excluded from the study since the
bones were heavily covered by lime and their study
will necessitate radiographic technique. Hardened
s0il surrounding bones were removed with soft
brushes in the laboratory and broken bones were
mended with acetone based glue. The bone preser-
vation was good. The minimum number of individ-
vals was delermined rom the maximum number of
any one bone with left and right sides recorded sep-
arately. Adult age was estimated according to estab-
lished anthropological standards such are dental
cruption in mandible (Brothwell 1981), suture clo-
sure of cranmm (Meindl and Lovejoy 1985), epi-
physeal union of long bones (McKern and Stewart
1957), and changes on the sternal end of rib (I5can
et al. 1984, 1985). For children dental eruption and
diaphyzeal length of long bones were used to approx-
imate age at death (Moorrees 1957, Ubelaker 1978).
Since skeletally based sex identification is often not
reliable for children and juveniles, sex was not deter-
mined for the KAS children. In adults sexual dimor-
phism was observed in the orbit size, glabella, angle
of greater sciatic notch and the circumference diame
eter of long bones (Martm and Saller 1957; Krogman
and tscan 1986).

Differential diagnosis of dental and skeletal pathol-
ogy was made according to criteria in relevant pub-
lications (Ortner 2003). All pathology was examined
in preserved bones of identified individuals in the
population. Dental dimensions of mesiodistal (MD)
and bucoolingnal (MDY) were taken with a slidng dig-
ital caliper sensitive to 0,01 mm. The damaged tecth
were not studied. Dental dimensions were averaged
between left and right sides. Because of the fewer
number of [emales in the sample, the differences
could not be evaluated. An odontometric compari-
son was made with Galatas (11th=17th century) pop-
ulation of Greece (lscan et al. 2007) and Adramyt-
tetion (5th-6th century A.D.) of Turkey (Atamttrk
and Duyar 2008) both are located near the scaside.

RESULTS

The present study is based on the analysis of the
demographic, pathologic, and physical status of indi-
viduals recovered in five graves. It has been consid-
ered that dentition and bone structure are good
indicators of many aspects of human characteristics
such as the determination of sex and estimation of

age. The Kiiciik Ayasofya sample consists of 20 indi-
viduals (5 subadults and 15 adults) (Table 1). The sex
was determined for all adults. Ages for all but 6 spec-
imens could not be estimated. Of the children three
were babies in 0-3 age category. The death ratio of
children to adults had a high value of 25%. Age
range for adults was 30-50 years and mean age was
38 years. There was no individual in the 1830 year
group. Of the 15 adults, 13 were males and two
were females. Dentition was observed in 85 perma-
nent and 14 deciduous teeth evaluated in terms of
tooth present per sex, growth status and health
(Table 2). The number of tecth was evenly distrib=
uted per dental category in children. The back teeth
were better preserved in children. In males, sinuilar
situation, that 15, more teeth in the back were
observed. The measured dimensions were com-
pared with the ones of the Galatas and the Adramyt-
tetions (Table 3).

The teeth size seemed smaller in many specimens in
the KAS population. For example, MD dimensions
of a maxillary P2 were smaller than those of the oth-
ers. The frequency of dental pathological cases was
observed for cach tooth separately for children and
adults (Table 4). The caries and abscesses were
Iocated on the buccal and occlusal surfaces. Three
adult males had 4 caries and two abscesses (Fig. 2a).
Calculus accumulation was observed in males and
not in females. There was only one female edentu-
lous mandible (Fig. Z¢). Two children and 8 males
had hypoplastic teeth with frequent horizontal lines.
They were visible in all teeth especially canine
through premolars (Fig. 2b). Calculus, carries, and
ahscesses were not observed in the children.

The rare case of pink teeth was observed in one indi-
vidual only, the color being light pink The tooth has
no abnormality and was in situ in P2 in the left
mandible (Fig. 2d). Only present pathological condi-
tions were analyzed and are presented in the Table 5.

Almost all pathological legions were present in
males, only one female had osteophytosis in thora-
sic and lumbar vertebrae; accordingly, sex distribu-
tion in pathological cases could not be done. One
male had severe osteoarthritis with enlarged patel-
lar surfaces (Fig. 2g), articular condyles of the femur
(Fig. 2§), and tibia of both sides, but did not have the
similar conditions in other extremities. This defect
spondylolisthesis, a variant of spondylolysis, repre-
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sented by lumbar 4 and 5 where sliding and slip for-
ward action between L4 and 5 as well as 51 (which
is misging in the collection) in a male (Fig. 2f). But
a few spondylitis cases summanized in a review work
by Erkman and colleagues (Erkman et al. 2008).
Two male individuals had moderate periostitic
inflammation on fragmentary femur and tibiac as
porous fiber (Fig. 2i). There were also several cases
of degenerative arthritis most notably in the thoracic
and lumbar vertebrae (Fig. 2e). Of all adults, 3
males and one female had well developed osteo-
phytes but there were 2 males and a female with
Schmorl's nodes. Two individual sacra have partial
spina bifida imvolving sacrum 3 to 5 of a child and an
adult male (Fig. Zh).

DYSCUSSION

The analysis of skeletal pathology and dental health
vields important information about mortality, his-
torical and geographic distribution of specific dis-
eases, differences in diet and physiological stress as
well as social structure of societies (Fowell 1988;
Larsen 2002). Evidently, the present study is based
on the analysis of a restricted sample that had been
recovered at Kigik Ayasofya m Istanbul of Late
Byzantine period. Were are comscious of the fact that
the history of Istanbul is far more complex and mul-
tifarious being deeply rooted in prehistory, living
through the glorious episodes of Roman, Byzantine
and Ottoman Empires, at the same time attaining G
central position to 2 number of religions including
the Orthodox Church (Baynes et al. 1949),. Even
though the precise dating of our sampling is not
available yet, they are of the Late Byzantine Period,
of a short but a dynamic period within the long his-
toric narrative of the city. The time of the Crusades
had led to turmoil in the Byzantine Empire, the 4th
Crusade devastating and destroying most of the city
in 1204. Even though the city tried to recover and
partially restored after being recaptured by the
Byzantines during the 14th century, the people
remained economically poor and population size
dwindled down from about ope million to less than
a hundred thousand (Gregory 2010); subsistence
activities such as fishing were carried out by small
bands of people.

The analyses of the KAS sample could not have

been done precisely. Six individuals had one or two
fragmented bones which makes the apge estimation
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not possible. Usually age estimation is difficult and
requires fairly complete skeletons (Krogman and
Iscan 1986; Iscan 1989), The tooth size was found to
be smaller in the KAS than the ones of the Galatas
and Adramyttetion communitics. Garn and his col-
leagues (1979) noted that inadequacy in nutrition
affected fetal dental size. They clamed that bad
nutritional intake and health factors might lead
early fetal death and these children may have had
underdeveloped dentition. Therefore one can make
inferences about early growth of teeth by assessing
nutrition, size and anomalies.

The morphological characteristics of the KAS sam-
ple suggested that teeth are m good condition. Enam-
el hypoplasia is a dental defect showing arrested
growth lines or pits in enamels. Skinner and Good-
man recorded nutritional and health stresses during
odontometric studies variation in dental dimensions
waz attributed to malnutrition and general stress
ariging from adaptation to war and hard labor, It has
been known that stresses ansing from wars and labor
madequacy necded for the social development may
have haunted the population and labor caused bio-
logical stresses as illustrated by some rescarchers.
Nicholson has indicated that pelvic inlet may react 1o
nutritional stress by reducing its size and affecting sue-
cessful birth (Nicholson 1945). Similar thought have
also been raised by Angel involving this tirme incomm-
plete growth of basilar suture on a time manner and
reduction in the size of the cranial volume (Angel
1976). Almost all adult teeth of KAS people have fre-
quently ocowrring lines yet the frequency in children
i fewer. This situation may suggest that there is a dif-
ferential exposure associated with age similar those
stresses alfecting the pelvic inlet as noted above dur-
ing pre and post=war times. Comparison of the den-
tal pathologies of KAS with other Byzantine popu-
lations is shown in the table (Table 6). Hypoplasia
percentage (B0%) was more in the KAS than all
Iznik (Erdal 1996), Kadikalesi (Ustiindag 2008),
Adramyttetion (Atamtirk and Duyar 2008), Eski
Cezaevi (Erdal 2003), Galatas (Iscan et al, 2007),
Alanya Kalesi (Ustiindag and Demire] 2009), and
Smyrna Agoras: skeletal remaines (Yagar et al. 2008).
Calculus rate was similar to Eskicezaevi and lznik
communities. Abcessess and caries rates were high-
er than all compared populations. The frequency of
carious lesions from a variety of archaeological sites
shows a high association with the amount of carbo-

——
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hydrate consumption. High rates of dental caries
are commonly seen in diets involving sticky food as
in agriculiural societies (Lucas 2004). According to
M. Ozbek 109 of all caries of the ancient Anatolian
populations resulted from the carbohydrate cons

sumption (Ozbek 2007).

There are other conditions, in KAS people, fre-
quency of which iz rather low, including abscess,
periodontal condition and antemortem tooth loss but
sex differences were not observed. Generally peri-
odontal disease involves an inflammatory response
to irritants and undesirable hygiene. The most come
mom irritant is calcnlus, (Held 1989). Variation in the
consistency of food due to its toughness and prepa-
ration methods is a primary factor in antemortem
tooth loss with dental attrition or caries a significant
precipitating factor (Beckett and Lovell 1994; Bon-
figlioli et al. 2003). Pink teeth were first deseribed in
the 17th century. Later investigations suggested that
it is caused by an increased intrapulpal pressure
(Kirkham et al. 1977). Many anthropologic and
odontologic studics showed that it may occur before
or after death and bodies found immersed in water
or asphyxia (Borrman et al. 1994; Sonano et al.
2009). Its origin is yet unclear but the presence of
such a case in the KAS sample may be explained by
the fact that the population occupied in a coastal
area where pink teeth were frequently seen.

Periostitis of long bones is an inflaimmatory disease
commonly seen in tibiae associated with trauma
and found frequently in ancient populations, The
reaction to the trauma can be in the form of compact
or porous fiber bone (Ortner 2003) When com-
pared with the Alanya Kalesi (40,5%) and the lznik
(25,6%) samples, the periostilis cases were less in
KAS (13%). Osteoarthritis is caused by the break-
down and eventual loss of the cartilage of one or
more synovial joints, The loss of the cartilage which
may arise from stresses and heavy labor can cause

proflems at the joint. Such conditions are frequently
observed in the elderly individuals. However, it is
also claimed that individuals with certain arthritic
conditions might have genetic predisposition, age
and sex differences (Brothwell 1981). Osteoarthri-
tis seen in the KAS sample is a rather severe case
affecting the bones of the knee joints bilaterally.
Spina bifida is an asymptomatic and does not pres-
enl medical problems as [ar as the sacral arch is con-
cerned. Observed at 53, 54, and 55 should be con=
sidered within the limits of normal variation of the
sacral hiatus (Kumar and Tubbs 2011). Although not
severe, two individuals have partially developed par-
tial spina bifida making the person subject to them
external insults,

In conclusion, the KAS population lived along the
Istanbul sea coast facing both Sea of Marmara and
Bosphorus and seems as if they have lived in an
urban area. Although the sample size is small and
archacological data has not been provided to the
authors, pathologies may still give an idea about
the life of people during the Late Byzantine Perind
in [stanbul. Dental pathology frequency was close to
those compared, Skeletal diseases were mostly rep-
resented by one or two individuals except vertebral
degenerations. The health was determined from
teeth, trauma and bony infection. Considering the
fact that Istanbul was under increasing urbanization
creating irauma and requiring imtense labor (o recov-
er and reduce nutritional stress,
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Total Males Fenuales Tatal
| Age groups N Yo N Y N Y N
Bales(0-3) 3 15
Childran{d-11) 1 5
Adolacent (12-17) 1 3 3
Adulis (30-30) 9 43 . 33 L 5 9
Adulis (not aged) 1 30 L 37 [ 3 G
Total 20 100 13 90 2 10 n

Table 1. Distribitution by age intarvals and sax in the Kiglk Ayasofya population.

Children Males Females Todal
Tventition N=2 N=R M=2 N=12
I 1 5 0l i
12 2 9 (0 11
i 1 14 ] 15
™ 3 14 4] 17 Tabie 2.
P2 Z 13 ] 15 Frequency of
M1 3 13 ] 16| demal
M2 3 12 i 15| remeinsin
M3 i 4 0 4 | the Kiglk
Total 15 84 0 99| .
Kiigiik Avasalva Cinlatas Adramyitetion
MDD BL MDD L MDD EL
Maslla
W Mean W Meapn W Meanm W Mean W Mean W Mean
Il 1 521 0 2 T4RE 2 G646l 4 T3 4 6,59
iz 2 620 L' 627 T £H35 2 5ETR 4 6466 4 6,09
C 2 49 T T4 7 OTO® T O?TE O3 698 3 RI2
(] 3 65 2 83 5 729 & AT 7 4% 0T B32
B2 F G40 1 BEY 6 33T 6 Vs 3 a3 4 g2
Mi Fojamr 1 108 5 9 5 108 3 98 3 W3S
hi2 2 aTe I 1029 5 022 109 4 97 4 o7
n3 I 7.7 I 9323 2 81% 2 113 4 908 4 4977
Blandible
Il 4 A48 2 571 2 546 T 634 T 512 0T 573
iz 4 B T 630 T 651 T 648 5 543 T 586
L 3 G605 I 640 9 G484 D 79] 6 642 & 713
Pl $ 625 4 742 15 650 14 719 6 655 6 6385
P2 5 667 4 THL I 666 10 B2 T B6] T 746
n1 5 977 4 9462 13 100d 14 1002 5 024 o WL32
M2 k) 0 G 4 919 14 1013 14 D72 3 DOg & D0d
b3 2 04% 2 909 11 l0M 12 959 4 935 4 007

*Cralatas (lscam o al, 2007; 25) Adraonytton (Atameirk and Dayar 2008 2110

Table 3, Descriptive stalistics of cdontometric characteristics of the Khglk Ayasofya with those of
Ciglatas and Adramyttelon populatons,
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Table 4 Mumbar {N) of denta| pathologlcal cazes In the Kiglk Ayazofya population,

Somber of  Presemi  Observed Observed
i Mo individulae bones  hones  pathaolegy
Osizoarthaitis Femur ] 19 75 1
Tiba 15 14 x 1
Patella 15 L [1] z 1
1Trerasic
Osteophyinsis veriabrag I3 20 i 4
Lirinbar
vertbrae 15 1o 9 4
Thirasec
Bcdoors Node | vertabrae i5 10 5 i
Lumbar
varhrag 15 20 5 4
Spiea hifida Sacmim 15 4 i |
Liurmbar
Spondylolisthesis |vertithrae 15 1 I 1
Penostitis Femur 15 | £ I 1
“Tihin 15 14 P 2

Table 5 Murnbar of alkelatal lezions found in the Klglk Ayasofya population.

Fopulaiion | Hypeplasia Calules  Cardes A Bsemess
Kk Ayasoly o e i %
'I ar
Istanbualy " 3 20 L
ayttetion
(Balkesir) &2 16 10,1 1.4
Poras/Greece) T35 1,21 2.8
eEaEY =
*i"".‘"“ﬂ-‘- 5.4 572 9.6 5 .
i""k 6,8 5393 10,9 39 Comparision of
{lznik)
{Aydny pot
e A TR 21 | Ayasatya with
; Byzantine Pariod
Evm firad) 07 1696 448 161 | populstions in
L Anstolia,




