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I n the course of the archaeological excavations
conducted at the Belgrade Fortress in 2014 (Fig.
1), a grave from the Late Antiquity (Grave no. 1)

was discovered in sondage 2/2014. The body of the
deceased was buried in an extended supine position,
with the hands clasped on the stomach.1

METHODOLOGICAL 

FRAMEWORK

A description scheme comprising five categories,
as proposed by Miki}, was employed for the determi-
nation of the bones preservation degree.2

In determining the sex of the child, emphasis was
placed on the study of morphological elements of the
mandible (the protrusion of the protuberantia mentalis,
the shape of the alveolar part, and the protuberance in
the gonion area) and the pelvis (the angle of the greater
sciatic notch, the extension of the arch and the curva-

ture of the crista iliaca). The methodology was based on
the analyses and data obtained by Schutkowski during
his comprehensive research.3

Age estimation was based on the degree of forma-
tion and teeth eruption (Ubelaker scheme)4 and the
length of the long bones (tables with timescales shown
in months and years defined by Bass5 and Ferembach
with his associates).6

Stature was calculated using the formulae defined
by Maresh.7
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1 A special gratitude is owed to S. Pop-Lazi} for Figure 1 and
M. Radmilovi} for the post-production of the illustrations (Figure 1;
Plates I–IV).

2 Miki} 1978, 9.
3 Schutkowski 1993.
4 Buikstra and Ubelaker 1994, 51 (Fig. 24).
5 Bass 1995, 155, 168, 176, 228, 247, 257.
6 Ferembach, Schwidetzky and Stloukal 1980, 532.
7 Walker and Pérez-Pérez, 18.
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Twenty-six epigenetic variations on the cranial
and eleven on the postcranial skeleton were observed.8

In addition to this, dental and paleopathological analy-
ses were conducted.

RESULTS OF THE 

ANTHROPOLOGICAL ANALYSIS

The discovered bones belonged to a female indi-
vidual, aged 3–4 years (Plates I–IV; Tables 1 and 2).9

The observed degree of skeletal preservation falls into
categories II (well preserved, incomplete skeleton) and
III (moderately preserved skeleton10).11

Dental analysis indicated the presence of linear
enamel hypoplasia on the teeth germs 11 and 21 (Plate
I, 1). 

Paleopathological changes on the girl’s skeleton are
associated with scurvy (Plate I, 2–4; Plates II and III).
Porotic lesions were noted on the palatine bones (Plate
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8 Hauser and De Stefano 1989; \uri}-Sreji} 1995, 238–260.
9 The degree of formation and tooth eruption indicates an age

of 4 ¯ 12 months. As can be seen in Table 1, the values of the long
bone lengths correspond to an age of 3.5–4.5 years (Bass 1995, 155,
168, 176, 228, 247, 257), or 3–4 (Ferembach, Schwidetzky and
Stloukal 1980, 532), with only the femur length corresponding to an
age of 4.

10 Moderate preservation implies that the complete skeleton is
present in the grave, but the bones are very fragile and break in the
course of excavation.

11 Right next to the skeleton, a 1.10 cm long glass fragment
was discovered, together with two animal teeth and 17 other frag-
ments of animal bones, 1.65–9.1 cm long. 

Fig. 1. Belgrade Fortress: Grave No. 1 (sondage 2/2014)

Sl. 1. Beogradska tvr|ava: Grob br. 1 (sonda 2/2014)
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I, 2), on the medial sides of the coronoid processes and
the mandibular rami (Plate I, 3 and 4), on the temporal
bones (Plate II, 1 and 2),12 on the occipital bone frag-
ments (Plate II, 3 and 4), on a rib fragment (Plate II, 5),
on the proximal ends of the right and left humeri (Plate
III, 1 and 2), on the distal ends of the right and left
femurs (Plate III, 3), on the proximal end of the left
femur (Plate III, 4), and on the proximal end of the left
tibia (Plate III, 5).13 Unfortunately, other parts of the

cranial skeleton were quite decomposed and, therefore,
not suitable for the analysis, while the sphenoid bone
was completely absent from the osteological material.
Also, on the thoracic (Plate IV, 1 and 2) and sacral ver-
tebral bodies (Plate IV, 3), traces of tuberculosis in the
form of bone tissue resorption were noted on both the
anterior and posterior surfaces.14
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12 Porous changes on the mandible, temporal and zygomatic
bones, as well as the sphenoid bone relate to the masticatory muscles.
Masticatory muscles lower and elevate the mandible and draw it
forward, backward and laterally, which allows teeth to cut and grind
food. They comprise a group of four muscles, two of which are super-
ficial (masseter and temporalis), and two deep (pterygoideus lateralis
and pterygoideus medialis). Both superficial muscles are anatomi-
cally connected to bone porosity areas. The temporal muscle passes
over the greater wing of the sphenoid bone and attaches to the medial
side of the coronoid process on the mandible, whereas the masseter
muscle originates on the zygomatic bone and its arch and attaches
to the masseteric tuberosity on the angle of the mandible ([laus 2006,
167 and 168).

13 These changes on the osteological material are determined
as consequences of scurvy by numerous eminent experts (\uri}-
Sreji} 1995, 336 and 337; Ortner and Ericksen 1997; Aufderheide et
al. 1998, 310–314; Ortner et al. 1999; Ortner et al. 2001; Ortner 2003,
383–393; [laus 2006, 165–169; Brickley and Ives 2008, 41–74;
Mahoney-Swales and Nystrom 2009; Brown and Ortner 2011).

14 Mays, Fysh and Taylor 2002, Fig 4.

GRAVE NO. 1
RIGHT SIDE OF THE BODY LEFT SIDE OF THE BODY

HUMERUS HUMERUS
Maximum length 13.80 Maximum length 13.70
A-p mid-shaft diameter 0.90 A-p mid-shaft diameter 0.95
M-l mid-shaft diameter 1.00 M-l mid-shaft diameter 1.00
RADIUS RADIUS
Maximum length 10.25 Maximum length -
ULNA ULNA
Maximum length - Maximum length -
FEMUR FEMUR
Maximum length 18.60 Maximum length 18.60
A-p mid-shaft diameter 1.20 A-p mid-shaft diameter 1.20
M-l mid-shaft diameter 1.30 M-l mid-shaft diameter 1.30
TIBIA TIBIA
Maximum length 14.70 Maximum length -
A-p mid-shaft diameter 1.25 A-p mid-shaft diameter 1.20
M-l mid-shaft diameter 1.10 M-l mid-shaft diameter 1.10
A-p diameter (nut. foramen) 1.40 A-p diameter (nut. foramen) -
M-l diameter (nut. foramen) 1.30 M-l diameter (nut. foramen) 1.35
FIBULA FIBULA
Maximum length 14.40 Maximum length 14.40
ILLIUM ILLIUM
Length 7.80 Length 7.55 (recon.)
Width 6.80 (recon.) Width 6.80

Table 1. Measurements on the postcranial skeleton 

Tabela 1. Mere na postkranijalnom delu skeleta

GRAVE NO. 1
Stature (in cm) – calculation based on the length of
HUMERUS 90.24
RADIUS 89.59
ULNA -
FEMUR 90.10
TIBIA 88.86
FIBULA 88.62
Medium stature 89.48

Table 2. Stature

Tabela 2. Telesna visina
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DISCUSSION AND CONCLUSION

Dental and paleopathological analyses revealed
changes caused by enamel hypoplasia of the teeth and
scurvy and tuberculosis on the bones of the cranial and
postcranial skeleton.

Enamel hypoplasia is a developmental disorder in
the production of enamel matrix, which may be caused
by localised traumas and diseases or systemic causes,
such as hereditary anomalies, infectious diseases, endo-
crine disorders, nephropathy, enteropathy, neurological
disorders, and nutritional deficiencies.15 Since tooth
enamel, unlike bones, does not have the capacity to re-
model, the developmental disorder remains recorded
as defects on the enamel surface in the form of one or
more horizotal lines on the tooth crown (Plate I, 1).
Numerous studies have shown, however, that genetic
factors and localised traumas are rarely responsible for
the development of hypoplasia in humans.16 The vast
majority of hypoplastic defects in modern and archaeo-
logical populations are associated with systemic physi-
ological stress, including starvation, infectious diseases,
metabolic disorders and physical and psychological
traumas. 

Scurvy is a disease that is caused by an insufficient
intake of vitamin C, which is essential for the produc-
tion of collagen in connective tissue,17 osteoid and the
cement substance binding the endothelial cells of the
blood vessels.18 The disease manifests differently in
children than in adults; in both cases, however, occasi-
onal haemorrhages (bleeding) occur in the skin, mucous
membrane, gums, muscles and bones, all of which can
cause anaemia.19

The body can obtain the required amount of vitamin
C from almost all types of diets. A significant vitamin
deficiency and the appearance of scurvy usually follow
natural or social disasters, such as long-term droughts or
besieges. The cause could also lie in specific, culturally
conditioned taboos against the consumption of certain
foods or in a longstanding diet reduced in the number
of foods as was, for example, the diet on transoceanic
sailing ships or in prisons.20

Formerly, it was believed that there was no osteo-
archaeological evidence to prove the existence of this
disease before the Middle Ages.21 Some authors even
thought that these were probably some other types of
disease,22 despite there being descriptions of symptoms
which could be ascribed to scurvy in certain sections
of the Hippocratic Collection23 and in the writings of
Strabo24 and Pliny25 about the Roman military. Today,

there are a number of studies asserting this disease has
existed since the beginning of mankind.26

Tuberculous osteomyelitis is a specific inflamma-
tion of bones that occurs due to a secondary haemato-
genous bone infection originating from a tuberculous
focus in the body, most commonly the lungs, and less
frequently the digestive or genitourinary tract. Some-
times, the infection can be transmitted through the
lymph nodes situated along the spinal column, draining
the lymph from the pleura affected with tuberculous
inflammation. This disease is caused by Mycobacterium
tuberculosis, the bacillus identified by Robert Koch in
1892, Mycobacterium bovis and several other, rare and
atypical mycobacterial species.27

Tuberculous osteomyelitis occurs most commonly
in children. It is mainly localised in the vertebrae
(20–40%), in the proximal part of the femur (25%), in
the distal part of the femur or in the proximal part of
the tibia (20%).28 Tuberculous inflammation almost
always affects the adjacent joint as well. Tuberculous
inflammation of the vertebral bodies, Pott’s disease, is
usually localised on the anterior surfaces of the lower
thoracic and upper lumbar vertebrae. Due to the for-
mation of tubercles and their caseation, along with an
inhibitory effect on new bone formation, the firmness
of the vertebrae is reduced, leading to their collapse.29

In such case, of course, the tuberculosis itself could not
develop so fast to cause the collapse of the vertebrae.
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15 Pindborg 1982; Goodman and Rose 1991.
16 Pindborg 1970; Goodman et al. 1991; Hillson 1996.
17 Vitamin C is essential for the hydroxylation of proline to

hydroxyproline, which is one of the more important amino acids of
collagen. Collagen is the main protein of connective tissue and is
vital for the creation and normal functioning of the skin, cartilage
and bones ([laus 2006, 165). 

18 Unlike vitamin D, vitamin C (ascorbic acid) cannot be syn-
thesised in the human body. To survive, there must be a sufficient
quantity of vitamin C in the diet ([laus 2006, 165). 

19 \uri}-Sreji} 1995, 336.
20 [laus 2006, 165 and 166.
21 Wells 1975.
22 Grmek 1989.
23 Hp. Int. 46
24 Strab. 16.4.24. 
25 Plin. HN 25.6. 
26 Aufderheide et al. 1998, 312, Table 9.1; Magiorkinis et al.

2011; Miladinovi}-Radmilovi} 2011.
27 \uri}-Sreji} 1995, 325.
28 Atanackovi}, 1990.
29 \uri}-Sreji} 1995, 325.
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Reduced immune resilience, caused by scurvy,
additionally contributed to the development of tuber-
culosis in this girl. Tuberculosis starts once the tubercle
bacillus reaches the pulmonary alveoli. This is where the
primary focus of the disease occurs, rapidly spreading
to the nearby lymph nodes. If it does not heal, as was
the case here, tubercle bacilli spread to other parts of
the body – most commonly the kidneys, brain and
bone tissue – through haematogenous routes. If the
person is also suffering from some other disease, e.g.
scurvy, bacilli will spread and cause the appearance of

tuberculous nodules or tubercles. Tubercles grow over
time, damaging the surrounding tissue. From such tis-
sue, tubercle bacilli penetrate into the bloodstream, i.e.
spread all over the body creating a number of inflam-
matory foci.30

In this case, the correlation between enamel hypo-
plasia and scurvy can be explained by the lower social
status of the girl, whereby the cumulative effect of
physiological stress (huge shortage, starvation, a weak-
ened immune system resulting in an early frailty and,
finally, tuberculosis) caused her premature death.

30 [laus 2006, 142.
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Tokom arheolo{kih iskopavawa na Beogradskoj tvr|avi
2014. godine (Slika 1), u sondi 2/2014, otkriven je kasno-
anti~ki grob (Grob 1). Telo pokojnika bilo je sahraweno u
ispru`enom polo`aju, na le|ima, sa rukama sklopqenim
na stomaku.

Otkrivene kosti pripadale su de~joj individui `en-
skog pola, staroj 3–4 godine (Table I–IV; tabele 1 i 2). Is-
pitan stepen o~uvanosti skeleta odgovara kategorijama II
(dobro o~uvan nekompletan skelet) i III (osredwe o~uvan
skelet).

Dentalna analiza je pokazala prisustvo linearne hi-
poplazije zubne gle|i na zamecima zuba 11 i 21 (Tabla I, 1).
Od paleopatolo{kih promena, na skeletu ove devoj~ice uo-
~avaju se promene koje su u vezi sa skorbutom (Tabla I, 2–4;
table II i III). Poroti~ne lezije se uo~avaju na palatinal-
nim kostima maksila (Tabla I, 2), na medijalnim stranama
koronoidnih nastavaka i grana mandibule (Tabla I, 3 i 4),
na temporalnim kostima (Tabla II, 1 i 2), na fragmentima
okcipitalnih kostiju (Tabla II, 3 i 4), na fragmentu rebra
(Tabla II, 5), na proksimalnim krajevima desnog i levog hu-
merusa (Tabla III, 1 i 2), na distalnim krajevima desnog i
levog femura (Tabla III, 3), na proksimalnom kraju levog
femura (Tabla III, 4) i na proksimalnim kraju leve tibije
(Tabla III, 5). Na`alost, ostali delovi kranijalnog skele-
ta su prili~no dekomponovani i nisu bili pogodni za ana-
lizu, a sfenoidalna kost potpuno nedostaje u osteolo{kom
materijalu. Tako|e, na grudnim (Tabla IV, 1 i 2) i sakral-
nim pr{qenovima (Tabla IV, 3) uo~eni su tragovi tuberku-
loze u vidu resorpcije ko{tanog tkiva na anteriornim i
posteriornim stranama tela. 

Dentalna i paleopatolo{ka analiza otkrile su na zubi-
ma tragove hipoplazije gle|i, a na kostima kranijalnog i
postkranijalnog skeleta – tragove skorbuta i tuberkuloze.

Hipoplazija gle|i je razvojni poreme}aj u produkciji
gle|nog matriksa koji mo`e nastati usled lokalnih trau-
ma i bolesti, ili sistemskih uzroka kao {to su nasledne
anomalije, infektivne bolesti, endokrini poreme}aji, ne-
fropatija, enteropatija, neurolo{ki poreme}aji i nutri-
cioni defekti. Budu}i da zubna gle|, za razliku od kosti,
nema sposobnost remodelirawa, razvojni poreme}aj ostaje
zabele`en defektima na povr{ini gle|i u obliku jedne ili
vi{e plitkih horizontalnih linija na kruni zuba (Tabla I,
1). Brojna istra`ivawa su, me|utim, pokazala da su genetski
faktori i lokalne traume retko odgovorne za razvoj hipo-
plazije kod qudi. Velika ve}ina hipoplasti~kih defekata
u savremenim i arheolo{kim populacijama povezana je sa
sistemskim fiziolo{kim stresom, u koji spadaju izgladwi-
vawe, zarazne bolesti, metaboli~ki poreme}aji i fizi~ke
ili psiholo{ke traume.

Skorbut je oboqewe koje nastaje usled nedovoqnog uno-
{ewa vitamina C, koji je neophodan za stvarawe kolagena ve-
zivnog tkiva, osteoida i cementne supstance koja povezuje
endotelne }elije krvnih sudova. Bolest se razli~ito mani-
festuje kod dece i kod odraslih, ali se u oba oblika, me|u-
tim, javqaju povremene hemoragije (krvavqewa) u ko`i, slu-
zoko`i, desnima, mi{i}ima i kostima, {to mo`e da uzrokuje
anemiju.

Potrebnu koli~inu vitamina C telo dobija gotovo svim
vrstama ishrane. Zna~ajan nedostatak vitamina i pojava
skorbuta je obi~no posledica prirodnih ili dru{tvenih
katastrofa, kao {to su dugotrajne su{e ili opsade gradova.
Tako|e, uzrok mogu biti i specifi~ni kulturno uslovqe-
ni tabui o upotrebi odre|enih namirnica u ishrani ili
dugotrajna ishrana redukovana brojem namirnica, kakva je,
na primer, bila ishrana na prekookeanskim jedrewacima
ili u zatvorima.

Ranije se mislilo da iz razdobqa pre sredweg veka nema
osteoarheolo{kih dokaza o postojawu ove bolesti. Pojedini
autori su ~ak smatrali da se radi verovatno o nekim dru-
gim vrstama bolesti, iako u nekim delovima Hipokratove
zbirke i u spisima Strabona i Plinija o rimskoj vojsci
postoje opisi simptoma koji se mogu pripisati skorbutu. Da-
nas nam je, me|utim, na raspolagawu sve vi{e studija koje go-
vore o tome da ova bolest postoji otkad postoji qudski rod.

Tuberkulozni osteomijelitis je specifi~no zapaqewe
kostiju koje nastaje sekundarnom hematogenom infekcijom
kosti iz nekog tuberkuloznog ̀ ari{ta u organizmu, naj~e{}e
iz plu}a, a re|e iz digestivnog ili genitourinarnog trak-
ta. Ponekad se infekcija mo`e preneti i preko limfnih
~vorova sme{tenih uz ki~meni stub, koji dreniraju limfu
iz plu}ne maramice zahva}ene tuberkuloznim zapaqewem.
Uzro~nici ove bolesti su bacil Mycobacterium tuberculosis,
koji je 1892. godine otkrio Robert Koh, bacil Mycobacteri-
um bovis i jo{ nekoliko retkih, atipi~nih vrsta mikro-
bakterija.

Tuberkulozni osteomijelitis se javqa naj~e{}e kod
dece. Uglavnom je lokalizovan na ki~menim pr{qenovima
(20–40%), u proksimalnom delu femura (25%), u distalnom
delu femura ili u proksimalnom delu tibije (20%). Tuber-
kulozno zapaqewe zahvata gotovo uvek i susedni zglob. Tu-
berkulozno zapaqewe tela ki~menih pr{qenova, Potova
bolest, obi~no je lokalizovano na anteriornim stranama
dowih torakalnih i gorwih lumbalnih pr{qenova. Usled
formirawa tuberkula i wegove kazeifikacije, kao i inhi-
bitornog dejstva na stvarawe nove kosti, smawuje se ~vrsti-
na pr{qenova pa dolazi do wihovog kolapsa. U ovom slu~aju,
naravno, nije bilo vremena da tuberkuloza izazove kolaps
ki~menih pr{qenova.

Kqu~ne re~i. – Singidunum, pozna antika, hipoplazija gle|i, skorbut, tuberkuloza.

Rezime:        NATA[A MILADINOVI]-RADMILOVI], Arheolo{ki institut, Beograd

DRAGANA VULOVI], Beograd

SLU^AJ SKORBUTA IZ SINGIDUNUMA
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Smawena imunolo{ka otpornost uzrokovana skorbutom
je znatno pove}ala razvijawe tuberkuloze kod ove devoj~i-
ce. Tuberkuloza zapo~iwe kada bacil tuberkuloze dospe u
plu}ne alveole. Tu nastaje primarno `ari{te bolesti, koje
se vrlo brzo pro{iruje na obli`we limfne ~vorove. Uko-
liko ne zacele, a to je ovde slu~aj, tuberkulozni bacili se
hematogenim putem {ire na druge delove tela – naj~e{}e
bubrege, mozak i ko{tano tkivo. Ukoliko je osoba dodatno
obolela i od neke druge bolesti, npr. skorbuta, bacili }e
se pro{iriti i uzrokovati pojavu tuberkuloznih nodula

ili tuberkula. Tuberkuli s vremenom rastu i uzrokuju uni-
{tewe okolnog tkiva. Tuberkulozni bacili iz takvog tkiva
prodiru u krvotok, tj. {ire se po celom telu i stvaraju broj-
na upalna `ari{ta. Korelacija izme|u hipoplazije gle|i
i skorbuta u ovom slu~aju mo`e se objasniti ni`im socijal-
nim statusom ove devoj~ice, pri ~emu je kumulativni u~inak
fiziolo{kog stresa (velike nesta{ice, glad, pad imunolo-
{kog sistema, a u vezi s wim i neotpornost kompletnog orga-
nizma jo{ od najranijeg detiwstva i, na kraju, tuberkuloza)
izazvao prevremenu smrt.
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Plate I – 1. enamel hypoplasia; 
2. porous lesions on the palatal surfaces of the right and left side of the maxilla; 
3. porous lesions on the right mandibular ramus and 
4. porous lesions on the left mandibular ramus.

Tabla I – 1. hipoplazija gle|i; 
2. poroti~ne lezije na palatinalnim povr{inama desne i leve maksile; 
3. poroti~ne lezije na desnoj grani mandibule; 
4. poroti~ne lezije na levoj grani mandibule

2

4

1

3
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Plate II – 1. porous lesions on the left temporal bone; 
2. porous lesions on the right temporal bone; 
3–4. porous lesions on the occipital bone fragments and 
5. porous lesions on the rib fragment.

Tabla II – 1. poroti~ne lezije na levoj temporalnoj kosti; 
2. poroti~ne lezije na desnoj temporalnoj kosti; 
3–4. poroti~ne lezije na fragmentima okcipitalne kosti; 
5. poroti~ne lezije na fragmentu rebra
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Plate III – 1. porous lesions on the proximal end of the right and left humeri (anterior view); 
2. porous lesions on the proximal end of the right and left humeri (posterior view); 
3. porous lesions on the distal end of the right and left femora (posterior view); 
4. porous lesions on the proximal end of the left femur and 
5. porous lesions on the proximal end of the left tibia (posterior view).

Tabla III – 1. poroti~ne lezije na proksimalnim krajevima desnog i levog humerusa (anteriorna strana); 
2. poroti~ne lezije na proksimalnim krajevima desnog i levog humerusa (posteriorna strana); 
3. poroti~ne lezije na distalnim krajevima desnog i levog femura (posteriorna strana); 
4. poroti~ne lezije na proksimalnom kraju levog femura; 
5. poroti~ne lezije na proksimalnom kraju leve tibije (posteriorna strana)
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3
5

4
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Plate IV – 1. thoracic vertebral bodies showing multiple circumferential resorptions on anterior surfaces; 
2. thoracic vertebral body showing multiple circumferential resorptions on anterior surface; 
3. sacral vertebral body showing multiple circumferential resorptions on posterior surface

Tabla IV – 1. tragovi resorpcije na anteriornim stranama tela grudnih pr{qenova; 
2. tragovi resorpcije na anteriornoj strani tela grudnog pr{qena (detaq); 
3. tragovi resorpcije na posteriornoj strani tela sakralnog pr{qena
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2
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