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Introduction

Unfortunately, there have been very few palaeoanthropological studies conducted in 
Belarus, and such works have mainly been related to craniology and palaeoodontology. 
The first scholar to study the ancient Russian population of the Polotsk area in the early 
1930s was G.F. Debets (1948), who characterized craniological features of the main me-
dieval tribal groups from the Belorussian territory. The subjects he studied, though, were 
destroyed during the Great Patriotic war. In the 1960s some individual data concerning 
the Polotsk Krivichs published by G.F. Debets were newly processed by V.P. Alekseyev 
(1969), who supplemented the selection with several skulls from the collection of the Re-
search Institute and Museum of Anthropology of Moscow State University. These data 
were included in the comparative tables shown in the work of T.I. Alekseyeva (1973). 
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The objective of our research was the complex study of the 17-
18th century palaeoanthropological series of specimens from 
Polotsk. The specimens were obtained as a result of archaeo-
logical excavations in the territory of the Polotsk fortified set-
tlement. These excavations yielded the skeletal remains of 48 
human skeletons in various conditions. The craniological speci-
mens from the burials represent 43 skulls: 14 male, 10 female 
and 19 children, 20 of which (14 male and 6 female) turned out 
to be suitable for measuring in accordance with the craniomet-
ric program. We also measured and subsequently analysed 
postcranial skeletons on the basis of robusticity and hardness 
indices of the long bones of arms and legs. We selected 21 
skeletons of adult subjects for our osteometric study. We mea-
sured 13 male and 8 female postcranial skeletons.
We have established morphological similarity between the Po-
lotsk population and the rural population of Lukoml, which 
denotes genetic relations between the townsmen and the local 
population of the Polotsk vicinity.
The average value of intravital body length in males was 
165.9 cm. and in females 155.4 cm. Males were more often 
characterized by a comparatively shortened forearm com-
pared to the shoulder, according to the value of the brachial 
index. The male group were characterized by very flattened 
radii with a well pronounced interosseous crest. The females, 
on the contrary, had slightly flattened bones with a not very 
pronounced interosseous crest. 
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However, the most important milestone in palaeoanthropological research on Belarus is 
represented by the work of I.I. Salivon (1976) – in particular, she published very interest-
ing material on Navahrudak, one of the largest centers of so-called Black Rus. Recent ar-
chaeological works have allowed an accumulation of palaeoanthropological specimens, 
which have aroused profound interest in relation to Belorussian ethnogenesis.

Indeed, the objective of our research here outlined is a complex study of the palaeo-
anthropological series of 17-18th century specimens from Polotsk in relation to Belorus-
sian ethnogenesis. 

Materials and methods

The specimens were obtained as a result of archaeological studies in the territory of 
the Polotsk fortified settlement. According to I.P. Deynis (2007: pp. 10-11), a local his-
torian from Polotsk, even in the early 20th century there was an old abandoned cemetery 
at the site of this fortified settlement. In 2007, the territory of the Polotsk fortified settle-
ment was excavated by an archaeological expedition headed by D.V. Duk. In the upper 
layers of the site, at a depth of 0.8-1.4 m, the archaeologists discovered burials dating 
back to the 17-18th centuries. All these burials were Christian, with a western orientation 
of skeletons. Sparse grave goods revealed that the buried people were Catholic. Accord-
ing to D.V. Duk, these subjects were Polotsk noblemen. The archaeological excavations 
yielded the skeletal remains of 36 men – 13 children and 23 adults. In 2009, excavations 
at this site were continued by M.V. Klimov, and the osteological collection was supple-
mented with new specimens. Now it includes 48 human skeletons in various conditions. 
Craniological specimens from the burials comprise 43 skulls – 14 male, 10 female and 
19 children, 20 of which (14 male and 6 female skulls) turned out to be suitable for meas-
uring in accordance with the craniometric program. 

The measuring of craniological samples, with the subsequent calculation of angles 
and indices, was carried out according to the procedure generally accepted in anthropol-
ogy (Alekseyev & Debets, 1964; Piontek, 1996). In order to define the categories of the 
resulting indices, we used tables of craniometric variables (Alekseyev & Debets, 1964: 
112-27). 

When estimating the horizontal profile of the face, we used the upper angle of hor-
izontal profile, No. 77, according to Martin’s scheme to define nazomalar angle and 
the lower angle of the horizontal profile to define the zygomaxillar angle. To estimate 
the nasal ridge protrusion, we recorded the dacrial width (No. 49а according to Mar-
tin’s scheme), symotic width (No. 57 according to Martin’s scheme), dacrial and sy-
motic height (DS and SS, respectively, according to the scheme of the English biometric 
school) with the use of coordinate caliper.

Statistical processing of results was carried out using standard software for statisti-
cal and mathematical analysis, Statistica 7.0. When defining the significance of differ-
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ences between average values, we used t-test criterion. Canonic discriminant analysis 
was carried out with a view to revealing the main regularities of intergroup variation and 
to represent them in graphic form.

We also studied skeletal specimens from cemeteries of the late medieval town of 
Polotsk. Our aims included the measuring and subsequent analysis of postcranial 
skeletons on the basis of robusticity and hardness indices of the long bones of arms 
and legs. Sex and age of the subjects were specified according to traditional programs 
(Alekseyev, 1966; Pashkova, 1963).

We selected 21 skeletons of adult subjects for our osteometric study. We measured 
13 male and 8 female postcranial skeletons. For one of the female skeletons it was im-
possible to apply the measuring program in full, since it was considerably affected by 
tertiary syphilis. In several cases, our reconstruction of initial bone length was based on 
the technique developed by N.N. Mamonova (1968).

Results and discussion 

Craniological study
The average dimensions and standard deviations of male and female skulls are 

shown in Table 1. The total series of male skulls were characterized by mesocrany (skull 
index – 79.1) and average longitudinal and transverse diameter of skull in combination 
with low brainpan. The face was average – in terms of absolute dimensions and upper 
facial index, orthognathic, well-profiled in horizontal plane with insignificant flattening 
at the level of orbits. The orbits were of average breadth and low – in terms of absolute 
dimensions and orbit index. The nose was characterized by average size of piriform ap-
erture and high nose bridge.

The series of female skulls from Polotsk were characterized by brachychrany (skull 
index – 81.4), with small longitudinal diameter of skull and average transverse and 
height diameters. The face was of average breadth (in terms of absolute dimensions and 
upper facial index), low, mesognatic. The orbits were of average breadth, low, average 
(mesoconchic) – in terms of orbit index. The nose was average – in terms of absolute 
dimensions and nose index. The female samples – just like the male ones – were char-
acterized by a strong protrusion of the nasal bones, though flattening in the upper part of 
the face was more pronounced compared to males. 

For comparative analysis, we used specimens from the rural population of Belarus 
in the 18-19th centuries from excavations of I.I. Salivon, represented by subjects from 
rural cemeteries near the villages of Lukoml (Chashniki district of the Vitebsk region), 
Hubichi (Buda-Koshelevo district of the Gomel region) and Prusy (Kopyl district of the 
Minsk region). This selection represented different territorial groups of rural Belorussian 
populations: northern (Lukoml), central (Prusy), and south-eastern (Hubichi). The analy-
sis also included individual data of measurements performed by I.I. Salivon. The average 
dimensions and indices of the male skull series are shown in Table 2. 
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Table 1. Average sizes and indices of male and female skulls from the 17-18th century burials in the 

territory of the Polotsk fortified settlement.

No.

according

to Martin

Trait 

Males =14 Females = 6

N Mean SD N Mean SD

1 Longitudinal diameter 14 181.2 4.6 6 169.0 4.9

8 Transverse diameter 14 143.2 4.9 6 137.5 5.2

8:1 Skull index 14 79.1 3.0 6 81.4 4.3

10 Breadth frontal maximum 14 120.9 5.8 6 114.3 3.4

45 Malar diameter 11 129.9 3.8 4 122.0 4.6

17 Height diameter 12 131.2 4.6 5 127.4 4.6

5 Skull base length 12 100.2 4.0 5 95.6 3.2

40 Face base length 10 97.9 5.3 4 95.0 2.6

40:5 Face profile index 10 97.9 4.7 4 100.8 3.8

48 Upper facial height 11 69.7 6.2 4 62.3 3.8

48:45 Upper facial index 9 53.4 5.0 4 51.0 3.0

9 Breadth frontal minimum 14 98.2 5.3 6 92.2 2.8

43 Upper facial breadth 13 103.8 4.6 5 99.2 1.5

46 Medium facial breadth 12 93.8 3.6 4 88.5 3.1

51 Orbit breadth 12 42.3 1.6 4 41.3 3.1

52 Orbit height 12 32.0 2.4 4 32.0 1.4

52:51 Orbit index from mf. 12 75.7 4.8 4 77.8 3.9

54 Nose breadth 12 25.5 1.6 4 23.8 1.0

55 Nose height 12 51.3 3.6 4 46.3 4.8

54:55 Nose index 12 49.9 4.1 4 51.6 4.2

12 Occiput breadth 14 110.1 3.5 6 108.7 7.1

11 Skull base breadth 13 123.9 4.6 5 121.2 8.3

63 Palate breadth 12 36.6 2.1 4 37.8 0.5

62 Palate length 12 46.7 2.3 4 45.0 3.5

DC Dacrial breadth 10 20.6 1.8 4 20.4 1.8

DS Dacrial height 10 12.4 1.5 4 10.5 1.6

DS:DC Dacrial index 10 60.4 8.2 4 52.0 10.8

SC Symotic breadth 11 9.9 1.5 4 9.1 2.0

SS Symotic height 11 4.8 1.5 4 3.6 0.9

SS:SC Symotic indices 11 47.9 12.5 4 40.6 11.1

77 Nasomalar angle 12 138.9 4.0 4 140.3 1.8

(<zm) Zygomaxillar angle 12 126.3 3.8 4 123.4 4.9

Table 1. Average sizes and indices of male and female skulls from the 17-18th century burials in the 
territory of the Polotsk fortified settlement.
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Table 2. Average sizes and indices of male skulls.

No.

according to 

Martin

Trait

Polotsk, 

17-18th 

centuries

Rural population, 18-19th centuries

Lukoml Hubichi Prusy

N Mean N Mean N Mean N Mean

1 Longitudinal diameter 14 181.2 24 178.5 24 168.7 28 178.1

8 Transverse diameter 14 143.2 24 142.9 24 142.0 28 144.0

8:1 Skull index 14 79.1 24 80.1 24 84.3 28 80.9

10 Breadth frontal maximum 14 120.9 24 121.5 24 121.5 28 122.0

45 Malar diameter 11 129.9 23 130.5 22 128.8 27 132.7

17 Height diameter 12 131.2 23 130.0 24 130.6 24 134.2

5 Skull base length 12 100.2 23 99.1 24 95.4 24 100.0

40 Face base length 10 97.9 19 96.1 18 92.3 22 95.5

40:5 Face profile index 10 97.9 19 97.2 13 96.9 22 95.4

48 Upper facial height 11 69.7 20 69.8 19 66.9 25 68.9

48:45 Upper facial index 9 53.4 20 53.6 17 51.5 24 52.1

9 Breadth frontal minimum 14 98.2 24 97.9 23 95.0 28 97.1

43 Upper facial breadth 13 103.8 24 104.9 23 102.3 28 104.7

46 Medium facial breadth 12 93.8 23 94.2 23 91.6 28 95.1

51 Orbit breadth 12 42.3 23 41.3 24 39.5 28 40.6

52 Orbit height 12 32.0 23 32.1 24 30.1 28 31.1

52:51 Orbit index 12 75.7 23 78.0 24 76.2 28 76.5

54 Nose breadth 12 25.5 21 25.7 23 25.6 28 25.2

55 Nose height 12 51.3 22 50.7 22 48.4 28 50.1

54:55 Nose index 12 49.9 21 50.9 22 53.3 28 50.4

12 Occiput breadth 14 110.1 23 110.4 24 109.0 28 112.0

11 Skull base breadth 13 123.9 23 124.0 24 122.6 28 128.1

63 Palate breadth 12 36.6 11 38.8 16 39.8 15 40.6

62 Palate length 12 46.7 18 45.8 20 45.4 24 45.7

DC Dacrial breadth 10 20.6 21 22.1 24 22.2 27 22.4

DS Dacrial height 10 12.4 21 13.2 21 12.6 26 12.8

DS:DC Dacrial index 10 60.4 21 60.8 21 56.9 26 58.0

SC Symotic breadth 11 9.9 21 9.5 24 10.7 28 9.3

SS Symotic height 11 4.8 21 4.3 21 5.3 27 4.5

SS:SC Symotic indices 11 47.9 21 46.3 21 51.1 27 49.3

77 Nasomalar angle 12 138.9 24 138.7 23 139.2 28 139.8

zm Zygomaxillar angle 12 126.3 20 126.9 17 125.8 27 127.4

Table 2. Average sizes and indices of male skulls.



32 BORUTSKAYA, VASILYEV, YEMIALYANCHYK

At the initial stage, we compared two territorially close series of male skulls from 
Polotsk and Lukoml. The absolute dimensions and the proportions of back and facial 
skulls of both series were very similar to one another. Comparison of the two series using 
Student’s t-criterion did not reveal any reliable intergroup differences. 

However, comparison of the series of male skulls from Polotsk with the series from 
the rural cemetery of Prusy (Central Belarus) with the use of Student’s t-criterion al-
lowed us to establish non-random inter-selection differences in orbit and palate breadth. 
The males from Polotsk were characterized by broader orbits and a narrower palate 
compared to males from Prusy.

Comparison of the series of male skulls from Polotsk with the series represented 
by subjects from the rural cemetery of Hubichi (South-East) with the use of Student’s 
t-criterion reveald reliable inter-selection differences in longitudinal dimensions of back 
skull (longitudinal diameter, skull base length) and skull index, as well as in orbit breadth 
and height, and nose height. The males from Polotsk had longer heads, larger orbits and 
longer noses. 

In spite of the established differences, the basic race-diagnostic features of all four 
series, including dimensions and the proportions of the face, as well as its profiling (na-
somalar and zygomaxillar angle, dacrial and symotic indices), revealed a considerable 
similarity.

With the intention of demonstrating basic regularities of inter-selection variation 
and to represent them in graphic form, we performed the canonical discriminant analy-
sis. Originally, the analysis included the maximum set of 25 metric features. Subse-
quently, as a result of stepwise selection, we included only 15 of the most informative 
features in our system (Table 3).

The first canonical vector accounted for about 72% of the whole variability, while 
the second accounted for about 21%. In total, the first two canonical vectors reflected 
about 93% of variability and represented the most significant values. Table 3 shows load-
ings of initial traits on the canonical variables.

Based on the results of the canonical analysis, we constructed a graph for the evalu-
ation of canonical variables (Figure 1). The graph shows the relative position of indi-
vidual skulls belonging to various groups within the parameters of the first two canonical 
variables. 

The first canonical variable was the best for the division of territorial groups from 
the North (Polotsk, Lukoml) and the South-East of Belarus (Hubichi). The graph shows 
the left-to-right increase in the longitudinal diameter of the skull; the increase of the orbit 
breadth and height; the increase of the upper facial height; and nose height. The male 
skulls from Polotsk and Lukoml are situated on the right side of the graph, while a field 
formed by the Polotsk skull series is considerably overlapped by a field formed by the 
rural skull series from Lukoml, thus confirming their similarity. 

The second canonical variable was best for the division of the two rural population 
groups from Hubichi and Prusy. The skulls from the Prusy series are situated in the up-
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Table 3. Loadings of initial traits on canonical variables in male groups.

No.

according 

to Martin

Trait 

Canonical vectors

1 2

1 g-op 0.483 0.411

63 enm-enm -0.314 0.410

11 au-au 0.037 0.583

52 Orbit height 0.275 0.053

17 ba-b -0.015 0.325

55 n-ns 0.233 0.101

10 co-co -0.026 0.079

SS Symotic height -0.123 -0.199

51 mf-ek 0.320 0.029

54 Nose breadth 0.005 -0.130

DC Dacrial breadth -0.099 0.138

48 n-pr 0.166 0.097

zm Zygomaxillar angle 0.019 0.126

DS Dacrial height 0.028 0.080

SC Symotic breadth -0.104 -0.284

Table 3. Loadings of initial traits on canonical variables in male groups.

Figure 1. 
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per area of the graph. These skulls were characterized by an increase in back skull (skull 
base breadth, longitudinal and height diameters) and palate breadth. 

The established similarity between the Polotsk population and the rural population 
of Lukoml denotes genetic relations between townsmen and the local people. This result 
is corroborated by archaeological and historical evidence. D.V. Duk (2010) discovered 
that the urban population of Polotsk had been largely supplemented by migrants from 
the rural vicinity, starting from the Middle Ages. The earliest indirect data concerning 
the origins of the urban population from the nearby vicinity of Polotsk may be found in 
written sources from the late 15-16th centuries. And surnames of some Polotsk residents 
corresponded to the names of individual settlements situated in the Polotsk district and 
province (Zaskorki, Kublitsky, Polupyaty, Rositsy, Selyavy, etc.).

Osteological study
Based on the measurement results, we calculated the indices of skeletal proportions, 

including extremity proportions, shoulder breadth and intravital body lengths. The 
results are shown in Tables 4 and 5. The range and categories of variations of the various 
indices for modern man were taken from literary sources (Alekseyev, 1966; Roginsky 
& Levin, 1978; Khrisanfova, 1978).

Table 4. Skeletal proportion indices of males from Polotsk (17-18th centuries).

Index N Mean Min Max SD
Intermembral 9 71.18 66.51 72.84 2.18

Brachial-femoral 10 73.13 67.35 75.64 2.29
Radio-tibial 9 68.59 63.87 72.44 2.74
Radio-brachial 10 73.76 69.30 78.2 2.72
Tibial-femoral 11 78.82 72.15 83.02 3.08
Clavicular-brachial 9 45.04 42.39 49.30 2.54
Scapula shapes 6 63.39 57.41 75.54 6.46
Shoulder breadth (cm) 9 34.47 31.31 38.16 2.23
Brachial-stature 9 20.77 19.18 22.09 1.02
Pelvis breadth (cm) 7 81.60 75.09 85.44 3.14
Pelvic 8 26.69 24.30 28.00 1.19
Pelvic-stature 8 16.09 15.62 17.5 0.62
Pelvic-brachial 8 76.78 72.04 80.77 3.29
Sacral 4 112.16 108.93 117.53 3.81

Intravital stature 13 165.91 155.5 176.1 5.74

Table 4. Skeletal proportion indices of males from Polotsk (17-18th centuries).
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Analysis of proportion indices among males
Based on the intermembral index, all males were characterized by an average or 

slightly lower correlation between arm length and leg length. Moreover, in the vast 
majority of cases, shoulder was much longer than femur, i.e., these people had either 
slightly elongated shoulders or comparatively shortened femurs. The opposite situa-
tion was the case when we compared the lengths of the forearm and lower leg. The re-
sults denoted comparatively shortened forearms compared to lower legs for most males.

An analysis of indices showing correlation between dimensions of medial and 
proximal sections of extremities was also very interesting.

According to the brachial (or radio-brachial) index, the males of the studied group 
were mostly characterized by shortened forearms compared to shoulders. In two cases, 
there were average correlations. According to the crural (or tibial-femoral) index, the 
group demonstrated a range of variations corresponding to categories ranging 
from very shortened lower legs (an individual from Burial 2) to average relative size.

The length of collar bone in relation to shoulder turned out to be average or lower. 
In most cases, the absolute size of shoulder breadth was very small, the range of varia-
tions amounted to 31.31 cm – 38.16 cm. The lower values of this feature in the group 
of males were very small. The largest index was recorded for the tallest male. But the 
value of shoulder breadth in relation to body length was small for all the individuals; the 
group turned out to be very homogeneous regarding this index.

The scapula shapes of the males from the studied series were very diverse, but the 
number of observations were very low – only 6. In terms of this index, the group was 
non-homogeneous.

The absolute value of pelvic breadth was average or higher for almost all males. 
But at the same time, according to the pelvic index, almost all the individuals had a 

Table 5. Skeletal proportion indices of females from Polotsk (17-18th centuries).

Index N Mean Min Max SD
Intermembral 7 70.81 69.36 72.18 0.99

Brachial-femoral 7 73.82 71.36 75.00 1.21
Radio-tibial 8 67.27 63.74 69.97 1.99
Radio-brachial 8 75.44 72.56 78.35 2.37
Tibial-femoral 7 82.58 80.55 85.5 1.74
Clavicular-brachial 6 45.69 43.73 48.25 1.73
Scapula shapes 3 67.55 61.97 73.53 5.79
Shoulder breadth (cm) 6 31.81 29.70 33.93 1.71
Brachial-stature 6 20.47 19.35 21.96 0.87
Pelvis breadth (cm) 5 74.29 69.09 79.61 3.87
Pelvic 5 26.76 25.50 27.50 0.75
Pelvic-stature 5 17.23 15.74 18.31 0.94
Pelvic-brachial 5 85.50 75.83 90.73 6.05
Sacral 3 125.37 111.17 150.65 21.94

Intravital stature 8 155.36 150.20 162.00 3.50

Table 5. Skeletal proportion indices of females from Polotsk (17-18th centuries).
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high pelvis; in the case of an individual from Burial 3, the pelvis was very high, with a 
breadth similar to other individuals. And only one individual who was quite short, had 
a low index of relative pelvic height, similar to that of females. We should also note 
that the males of the analyzed group were characterized by comparatively broad sacral 
bones. However, the number of observations was small. The group turned out to be non-
homogeneous in terms of the respective index.

Intravital body lengths among males
We calculated the intravital body lengths using the universal formulae of Duper-

tuis and Hadden (Alekseyev, 1966). In terms of the stature index, the males of late me-
dieval Polotsk turned out to be expressly non-homogeneous. Variations in body length 
were from 155.5 cm to 176.1 cm. The average value was 165.9 cm. Hence, the males of 
this group were of low, average and high stature, i.e., very diverse, with the exclusion of 
only very low and very high values.

Indices of female skeleton proportions
Analysis of the calculated intermembral index helped us to confirm the average 

relative correlation between arm length and leg length. Moreover, shoulders were 
mainly elongated in relation to femurs, according to the brachial-femoral index, similar 
to that of males from the same group, and forearms were shortened in relation to lower 
legs, as shown by the radio-tibial index. A similar thing was also found among males.

The correlation between forearm and shoulder size (brachial index) correspond-
ed to a comparatively shortened forearm, as well as to an average correlation between 
forearm and shoulder size. According to calculations of the tibial-femoral (crural) index, 
there was no definite correlation between lower leg and femur lengths. In one case (a 
female from Burial 25) we could speak of a considerably elongated lower leg or a very 
shortened femur (we should note that she also had the highest value of the brachial femo-
ral index, which also confirmed the comparatively shortened femur). In three cases, we 
could speak of an average correlation between lower leg and femur lengths; three other 
females had slightly shortened lower legs.

All the females were characterized by very narrow shoulders. A female from Burial 
7 had a shoulder breath equal to 29.7 cm, while the shoulder breadth of the most broad-
shouldered female (Burial 20) was almost 34 cm. The clavicular-brachial index was 
mainly average and lower than average. The only exception was the relative length of 
the collar bone of a female from the same Burial 20. The values of clavicular-stature 
correlation were also quite low.

Shapes of scapulae could not be estimated accurately as a result of the very small 
number of observations. Three individuals studied in this context demonstrated the 
whole range of possible variations – from narrow scapulae to very broad ones.

The pelvic breadths of the females of this group were average or higher than aver-
age. At the same time, we could speak of a very low pelvis, according to the pelvic index 
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values. A female from Burial 7 had an especially low pelvis and correspondingly – very 
unfolded ilium wings. Only one female from Burial 5 had a low and high pelvis – in 
terms of absolute size and all respective indices.

Only three observations of sacrum sizes did not allow us to draw any conclusions. 
It was understood that the group was very non-homogeneous according to this feature 
(Table 5).

Itravital body length among females
Calculation of intravital body length using the Dupertuis and Hadden formulae 

(Alekseyev, 1966) revealed considerable similarity among individuals, excluding a fe-
male from Burial 5. The average intravital body length turned out to be equal to 155.4 
cm. The range of body length variations were 150.2 cm – 162.0 cm, respectively. If we 
excluded the uppermost variant of stature, the group became homogeneous. The range 
of variations would have been 150.2 cm – 157.3 cm. The female from Burial 5 was 
recognizably different by her average stature. The rest of the subjects were characterized 
by their stature, which was below average.

Tables 6 and 7 show the calculated robusticity and hardness indices of the long 
bones of arms and legs.

Table 6. Robusticity and hardness indices of male bones.

Index N X Min Max SD

Clavicular (6/1) 9 27.11 24.84 29.23 1.559

Humeral (7/1) 11 20.00 19.01 21.58 0.921
Humeral (6/5) 11 77.86 66.67 90.00 7.726
Radial (3/1) 9 18.37 17.01 19.41 0.755
Radial (5/4) 9 67.04 58.54 76.47 5.467
Cubital (3/2) 10 17.60 15.57 20.54 1.299
Cubital (11/12) 10 82.97 75.58 96.39 7.200
Cubital (13/14) 10 91.22 85.71 100.00 4.428
Femoral (8/2) 12 19.94 17.93 21.23 0.947
Femoral (6/7) 12 99.81 81.54 116.00 9.605
Femoral (6+7 / 2) 12 12.79 12.03 13.47 0.534
Femoral (10/9) 13 82.54 69.70 93.33 7.613
Tibial (10/1) 10 23.75 21.31 29.05 2.240
Tibial (10b/2) 10 21.18 18.58 22.76 1.415
Tibial (9/8) 10 72.58 67.69 80.00 4.100
Tibial (9a/8a) 10 70.51 66.67 75.44 3.128

Table 6. Robusticity and hardness indices of male bones.
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Analysis of robusticity and strength of male bones
The males from the late medieval burials of Polotsk had quite massive collar bones 

(strength indices were average and higher than average). The robusticity indices of 
humeri were about average. Robusticity of radii was considerable for all males. In most 
cases, strength of cubits was average and higher than average, in one case – considerable. 
Two males had gracile cubits.

Robusticity of femoral bones was average. The strength of the shin bones in the 
middle of the shaft was high in all cases. Strength in the lower part of diaphysis varied, 
but more often than not was average and higher than average.

The highest indices of homogeneity for the male group were obtained while 
analyzing robusticity of humeri, radii and femoral bones.

Analysis of other indices for male long bones
Indices of flatness, and probably good development of deltoid tuberosity, among 

the males of the studied group varied. This was also confirmed by the value of standard 
deviation (Table 6). Nevertheless, the index was quite high and the shape of the humerus 
in the middle of diaphysis was almost round and the deltoid tuberosity was moderate.

Flatness indices in the middle of the long bone shafts were generally very low. In 
many cases, the figures were much lower than the left variation boundary for this 
index in modern man (literature data). Only one male (from Burial 3) had an average 
flatness of bones. In all other cases, low values of this index denoted extreme flatness of 
radii shafts, and the corresponding apparent protrusion of the interosseous crest. In spite 
of the fact that extreme flatness of radii is a characteristic of the male subjects of this 
group (except for one individual), the group turned out to be non-homogeneous regard-
ing this index. First because one individual had the highest index, even though it was a 

Table 7. Robusticity  and hardness indices of female bones.

Index N X Min Max SD

Clavicular (6/1) 5 25.53 23.19 29.07 2.740

Humeral (7/1) 7 19.02 18.17 20.22 0.795
Humeral (6/5) 7 75.84 69.57 80.00 4.118
Radial (3/1) 6 17.36 15.79 18.91 1.180
Radial (5/4) 6 67.31 61.77 73.33 4.884
Cubital (3/2) 7 15.63 14.29 16.91 0.920
Cubital (11/12) 7 78.92 67.57 93.55 8.214
Cubital (13/14) 7 86.28 70.45 95.46 10.115
Femoral (8/2) 6 20.08 18.74 21.53 1.000
Femoral (6/7) 6 92.12 76.67 106.25 10.348
Femoral (6+7 / 2) 6 12.82 12.04 14.27 0.837
Femoral (10/9) 6 81.52 75.76 91.48 5.459
Tibial (10/1) 6 22.08 20.49 23.98 1.448
Tibial (10b/2) 6 20.51 19.28 22.08 1.214
Tibial (9/8) 6 75.36 66.67 86.96 7.564
Tibial (9a/8a) 5 70.26 65.52 74.14 3.363

Table 7. Robusticity and hardness indices of female bones.
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statistically average value. Second because the indices of several individuals turned out 
to be very low, even though their quality corresponded to the general characteristic of 
radii in the group, i.e., extreme flatness.

Section indices in the middle of cubit shaft denoted the degree of flatness and the 
degree of interosseous crest protrusion. The results calculated corresponded to high, av-
erage and low degrees of flatness, i.e., all possible variants, which was reflected in the 
non-homogeneity of the group in terms of this analyzed feature.

We should mention the considerable hardness of cubits in the upper part of 
diaphysis among the males from Polotsk. On the one hand, it was connected to good 
development of the upper part of the shafts in the sagittal plane, and on the other, with 
the mildness of the supinator crest, which was confirmed by the results of the osteo-
scopic study. The variation in cubits in terms of this index corresponded to so-called 
euroleny.

With the femoral bones, the degree of shaft development broadwise and in the sagit-
tal plane, as well as the thickness of the tuberous femur line, was reflected in the order 
of the pilastry index. Only two subjects in the group studied from Polotsk showed 
considerable development of bones in the sagittal plane, and this denoted good de-
velopment of the linea aspera. These were the males from Burials 2 and 12, who 
actually showed the most pronounced bone base and tuberosity itself. The middle parts 
of the femoral bones of almost all other individuals were almost equally developed 
broadwise and in the sagittal plane, and only in one case was there the obvious domi-
nance of shaft development broadwise (an individual from Burial 22). According to 
the platimery indices (and therefore, hardness of the femoral bones in the upper part 
of shaft), the group showed hyper-platimeric, platimeric and eurymeric bones, in other 
words, bones with extreme or average flatness in the upper part of the diaphysis. In terms 
of this index, the group turned out to be non-homogeneous.

Flatness of the shin bones was determined in the middle of the shaft and at the 
level of the nutrient foramen in the upper third of the diaphysis. According to the 
indices, the shafts of the shin bones of almost all the subjects had average or higher than 
average flatness in the middle part. The individuals from Burials 3 and 14 had broader 
bones. At the same time, according to the platicnemy index (flatness at the level of the 
nutrient foramen), the shin bones of half the males were mesocnemic (with average 
flatness), and those of the other half were eurycnemic, i.e., expanded. Thus, the group 
was characterized by meso- and eurycnemic shin bones.

Analysis of robusticity and strength of female bones 
The robusticity of collar bones were either below or above average. In terms of 

this index, the group turned out to be not entirely homogeneous. The robusticity indices 
of humeri were average or lower than average, and the group was clearly homogene-
ous in terms of this characteristic. The robusticity of radii in all observations was av-
erage or high. In two cases, the indices were even higher than those in the upper bound-
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ary of the range of variations presented in the respective literature. At the same time, the 
cubits turned out to be mainly gracile and of average robusticity in two cases. In terms of 
the strength indices of the brachial bones, the group turned out to be homogeneous.

Robusticity of the femoral bones was average and higher than average. In terms 
of this characteristic, the group turned out to be very homogeneous. The strength 
of the shin bones in the middle part of the diaphysis for two females was not just 
above average, but very considerable. Among the other subjects, this index had close 
to average values. Robusticity of the shin bones in the lower part of the diaphysis was 
average or a little higher than average. In terms of the strength of shin bone diaphysis, 
the group of females from Polotsk was quite homogeneous.

Analysis of the hardness of long bone structures among females
Flatness of the humeri in the middle of the diaphysis was average or lower 

than average. The flatness indices of radial shafts turned out to be quite low, which 
corresponded to little flatness of diaphyses and low protrusion of the interosseous crest. 
The hardness indices of cubits in the middle and upper parts of the diaphysis, showed a 
wide variety, which were reflected in low values of group homogeneity (the values of 
standard deviations were respectively high). In terms of the shape of the upper part 
of the diaphysis, the female cubits could be described as platolenic, eurolenic and 
hyper-eurolenic.

In all cases but one (Burial 2), the indices of pilastry were lower than 100.00, which 
presumably corresponded to weak development of the tuberous femur line, as well 
as to the better development of the femoral bone shaft broadwise, but not in the sagit-
tal plane. The female group was very non-homogeneous in terms of this index. The 
analysis of femoral bone flatness in the upper part of the diaphysis allowed us to 
describe these bones as platimeric and, in one case, eurymeric (Burial 5), i.e., the 
hardness of femoral bones in their upper parts was average.

Flatness of the middle part of the diaphysis of shin bones was below and above 
average, low and high, i.e., the group was very variable in terms of this feature. 
Based on the platicnemy index, we distinguished the following variants of the shin bone 
within the group: mesocnemic and eurycnemic, although the number of observations 
was small.

       
Conclusions

1. The male skulls were characterized by mesocrany. The face was of average height and 
breadth, orthognatic, well-profiled in the horizontal plane with insignificant flattening at 
the level of the orbits. The orbits were of average breadth, low. The nose was character-
ized by an average size of piriform aperture and high nose bridge. 
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2. The series of female skulls from Polotsk were characterized by brachychrany. The 
face was of average breadth, low, mesognatic. The orbits were of average breadth, low. 
The female series – just like the male one – was characterized by strong protrusion of 
the nasal bones, though flattening in the upper part of the face was more pronounced 
compared to males. 
3. We established morphological similarity between the Polotsk population and the rural 
population of Lukoml, which denoted genetic relations between the townsmen and the 
local population from the Polotsk vicinity.
4. While analyzing the indices of skeletal proportions, we discovered the following regu-
larities in the group: the brachial-femoral index corresponded to comparatively elongat-
ed shoulders among both males and females. The males were more often characterized 
by a comparatively shortened forearm compared to the shoulder, according to the 
value of the brachial index. The absolute and relative shoulder breadth of both males 
and females were generally small. Males were more often characterized by broad and 
high pelves, and females by broad and low ones.
5. The average value of intravital body length of males was 165.9 cm. Variations of 
body length were from 155.5 cm to 176.1 cm, i.e., the male group had various statures, 
with the exception of very low and very high. The average value of intravital body 
length for females turned out to be 155.4 cm. The range of body length variations was 
150.2 cm – 162.0 cm, respectively. Hence, the female group from Polotsk was character-
ized by average and lower stature.
6. The study of long bone robusticity revealed quite massive collar bones, radii 
and shin bones among males. The strength of humeri and femoral bones were roughly 
average. The robusticity of the female humeri was average or lower than average. The 
strength of female radii was average and high. Female cubits were recognizably different 
because of gracility. The robusticity of femoral and shin bones was average and higher 
than average.
7. The male group was characterized by very flattened radii with well pronounced in-
terosseous crests. The females, on the contrary, had slightly flattened bones with a 
not very pronounced interosseous crest. We also noted the considerable hardness of the 
cubits in the upper part of the diaphysis among males. The females were characterized 
by broader diaphysis of femoral bones and a not well developed tuberous femur line.
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