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Introduction. The paper comprises a comparative morphological study of the distal manual phalanges
of the second to fifth rays of fossil inhabitants of the Altai Mountains. Based on previous study, this region is
expected to be a contact zone between Denisovans and Neanderthals.

The goal of the study. We tested a hypothesis about the presence in the Pleistocene Altai of hominids
of differing origin and, in particular, the existence of distinctive morphological variants among Neanderthal
settlers of Altai.

Material and methods. Manual distal phalanges from excavations in caves Denisova, Chagyrskaya
and Strashnaya were measured, X-ray filmed and scanned before sampling for ancient DNA extraction.
Scanning was performed using an X-ray microscope, whose imaging resolution is sufficient to combine
traditional radiological methods with non-destructive microscopy.

Results. Our results show high morphological diversity among the Upper Pleistocene population. Three
of four studied samples were identified as Neanderthals (Denisova 9, male (?), Chagyrskaya 08 and 56,
females) by long, wide and flat diaphysis, and a wide and rounded apical tuft.The phalanx Strashnaya 4
features anatomically modern traits and does not correspond to Neanderthal specimens in proportions or
dimensions. It is short with relatively narrow and tall diaphysis. Modern techniques of radiological investigation
reveal two different morphological variants present in Altai Neanderthals from Denisova and Chagyrskaya.
Phalanges show substantial changes in internal structure. In the distal half of Denisova 9, the space of the
medullary canal was fully displaced by osteonised tissue, resembling a variant of the “ivory” epiphyses – in
particular distributed among modern humans of African ancestry. Denisova 9 joins with the modern human
Strashnaya 4 by high corticalisation at the midshaft (%CA 92,85 and 82,61correspodingly). Chagyrskaya 08
and 56 are thin-walled (%CA 58,77 and 30,88). Non-destructive radiological microscopy revealed further
differences among the samples: greater and denser bone mass in the case of Strashnaya 4, low mineralised
compact of all Neanderthals.

Conclusion. The data may indicate the presence among Altai groups of Neanderthals who differed by
origin, and/or chronologically. Patterns of Denisova 9 can be discussed in the context of his hybrid ancestry.

Keywords: paleoanthropology; osteometry; Denisova, Chagyrskaya, Strashnaya caves; Neanderthals;
anatomically modern humans; radiology; microscopy

Introduction

Findings from research in southern Siberia (Altai,
Russia) currently play a pivotal role in attempts to
reconstruct some important patterns of human
evolution. Favourable natural and climatic conditions
in the local caves have led to exceptional preservation
of ancient DNA in fragmentary human remains [Meyer
et al., 2012; Prhfer et al., 2014]. Palaeogenetic research
involving mtDNA from the phalanx of a child (Denisova
3) found in stratum 11.2 of the Denisova Cave resulted
in the discovery of previously unknown extinct fossil
hominins [Krause et al., 2010]. This lineage, the

Denisovans, branched off before the Neanderthal lineage
and proceeded to develop independently over a broad
coverage of Asia [Reich et al., 2010]. Hybridisation of
Denisovans and Homo sapiens – as evidenced in modern
populations in Southeast Asia, Australia and Oceania –
has become a topic of great research interest [Reich et
al., 2011]. Till now Denisovans, who had been identified
by genetic analysis and solely in the Denisova Cave,
had been represented by the remains of four individuals;
as well by a part of a child’s distal hand phalanx Denisova
3; by two adult molars Denisova 4, Denisova 8; and by
a lower second deciduous molar Denisova 2 [Douka et
al., 2019]. The latter individual – a girl of 10-12 years –
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She had a Denisovan father and a Neanderthal mother,
who came from a population more closely related to
Neanderthals lived later in Europe than to an earlier
Neanderthal Denisova 5, suggesting that migrations
of Neanderthals between eastern and western
Eurasia occurred sometime after 120,000 years ago
[Slon et al., 2018].

A growing number of Neanderthal remains from
recent excavations allow the suggestion that
inhabitants of all three caves (Okladnikov, Denisova
and Chagyrskaya), seemed to be morphologically
diverse. So, if compared with Neanderthals from
Denisova or Okladnikov, humans from Chagyrskaya
were “lighter-built”, especially concerning the inner
robusticity of their tubular bones. That could mean
different waves of Neanderthal migration or their genetic
contacts with another humans [Mednikova, 2015].
Luminescence chronology for the Denisova and
Chagyrskaya Caves might uncover time differences
between these Neanderthal palaeopopulations [Jacobs
et al., 2016].

A manual distal phalanx (Denisova 9) from an
adult Neanderthal individual has been found in
stratum 12 of the Denisova Cave [Mednikova, 2013b].

Additional distal manual phalanges were found in
2011, 2012 and 2015 in Pleistocene layers in the
Chagyrskaya and Strashnaya caves. All three caves are
in the north-western, low-mountain portion of Altai. The
Denisova Cave (N 51°23’48", E 84°40’35") is located in
a valley along the upper Anui river at an absolute elevation
of 690 m. The Chagyrskaya Cave (N 51°26’34",
E 83°09’18") is located 106 km to the west of the Denisova
Cave, in the valley of the lower Charysh river at an
elevation of 362 m above sea level. The Strashnaya Cave
(N 51°10’26", E 83°01’42") is 120 km to the south-west
of the Denisova Cave, in a valley along the midcourse of
the Inya river (right tributary of the Charysh river) at an
absolute elevation of 515 m.

Modern radiological techniques, as well micro-
tomography and X-ray microscopy, allow the
investigation of even extremely fragmentary material
in non-destructive ways. Such methods have proven
particularly useful in caves in the Altai region – where
Pleistocene deposits have yielded small isolated
specimens, primarily manual or pedal phalanges
[Mednikova, 2011b, 2013b], as well as teeth [Buzhilova,
2013]. Histological study of compact bone tissue can
differentiate between species [Martiniakova et al.,
2007; Crescimanno, Stout, 2012]. It was proposed
for identification of individuals in mixed skeletons
[Stout, Gehlert, 1979], which hypothetically can be
found in the layers of Altai Caves.

In the absence of larger long bones, distal manual
phalanges can serve as a source of valuable
morphological information. The goal of this article is
to describe morphological variety among Altai fossil

was one of the chronologically oldest humans
discovered at the Denisova Cave. Based on results from
relative mtDNA dating, she had lived 54.2- 99.4 thousand
years earlier than the younger girl Denisova 3.

However, Denisovans were not the only inhabitants
of the Pleistocene Altai. Archaeological data [Dere-
vianko, Markin, 1992; Derevianko et al., 2013],
palaeogenetic analyses [Krause et al., 2007], and
palaeoanthropological studies [Buzhilova, 2013;
Mednikova, 2011a, 2013à; Viola et al., 2012, 2018]
regarding the Okladnikov and Chagyrskaya caves jointly
point to the presence of Neanderthal migrants, who
created a local Sibiryachikha variety of the Mousterian
industry [Derevianko et al., 2013].

In turn, this question touches upon the concurrent
settlement of southern Siberia by diverse fossil humans
over the period prior to 50 ka. At that time Altai was a
contact zone where Denisovans – long present in the
region – adjoined Neanderthal migrants [Prhfer et al.,
2014]. The distance between the Denisova Cave – a
refuge for the Denisovans – and the Chagyrskaya and
Okladnikov caves, where Neanderthals lived, was in
the order of only 100 km – not a long distance for the
movements of Palaeolithic hunters. Given these
circumstances, hybridisation between Denisovans and
Neanderthals living in such close proximity seemed
probable.

Moreover, Neanderthal remains were found in the
Denisova Cave itself.

An adult proximal pedal phalanx of the fourth or
fifth ray excavated in stratum 11.4 was broad relative
to its height – even broader and more robust than
the phalanges of Neanderthals or early modern
humans [Mednikova, 2011b].

Confirmation of its attribution was provided by high-
coverage sequencing of representative Neanderthal
DNA. Analysis of relationships and the history of
available archaic and 25 modern genomes showed
genetic flows between Neanderthals, Denisovans and
modern humans. Gene flow to Denisovans was shown
to have come from a previously unknown genetically
archaic group [Prhfer et al., 2014].

Morphologically the pedal phalanx of this Altai
Neanderthal female Denisova 5 was closest to the
Shanidar-4 Neanderthal, and the anatomically modern
human Tianyuan 1 [Mednikova, 2011b]. These results
are broadly consistent with later genetic analysis, which
found that a population that diverged early on from
modern humans in Africa contributed genetically to the
ancestors of Altai Neanderthals roughly 100,000 years
ago [Kuhlwilm et al., 2016; Rogers et al., 2020].

The Denisova Cave seems to have been a constant
home for both Altai Neanderthals and Denisovans. A new
individual, Denisova 11, was identified by collagen
fingerprinting and mitochondrial DNA analysis in
morphologically non-diagnostic bone [Brown et al., 2016].
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specimens, by comparing the four distal phalanges
of rays 2–5 from the Denisova, Chagyrskaya and
Strashnaya Caves. We are going to test hypothesis
about the presence in Pleistocene Altai of humans of
different origin and to follow distinctive morphological
variants among Neanderthal settlers of Altai.

The distal manual phalanges were imaged using
non-destructive radiological methods. Micro-focus
X-ray investigation had previously identified unusual
internal structure of the distal phalanx of the third ray
from stratum 12 of the Denisova Cave [Mednikova,
2013b]. Here we provide the results of the micro-
tomography and X-ray microscopy. These studies of
distal manual phalanges from the Chagyrskaya and
Strashnaya caves have not been published previously.
Therefore the current work includes identification,
comparative analysis of the external and internal
structures, estimation of the biological age of the
specimens, and analysis of any pathologies found.

Methods

External measurements were performed using a
GMC-190 digital vernier caliper (accuracy, 0.01 mm, or
0.0053 ). The programme included 11 standard
measurements and 2 indices: articular length, midshaft
height, midshaft breadth, midshaft circumference,

proximal maximal height, proximal maximal breadth,
proximal articular height, proximal articular breadth,
distal height, distal breadth, tuberosity height, index of
section at diaphyseal midshaft (height:breadth,%), index
of robusticity (breadth:articular length,%) [Trinkaus,
1983; Pearson, 1997, see comments to Table 3].

Phalanges from Chagyrskaya and Strashnaya
were measured, X-ray filmed and scanned before
sampling for ancient DNA extraction. The phalanx from
Denisova was preliminary measured, filmed and
CTscanned by the Discovery HD 750 tomograph (USA)
before sampling [Mednikova, 2013b]. Then Denisova 9
was studied with new equipment.

Scanning was performed using VersaXRM-500
apparatus from Xradia Inc. at the “Systems of Microscopy
and Analysis” Lab, Moscow. VersaXRM is an X-ray
microscope (XRM), unlike ordinary MicroCT, whose
imaging resolution is sufficient to combine traditional
radiological methods with non-destructive microscopy.
Unlike the traditional projection-based Micro CT, which
depends exclusively on geo mag limits at highest
resolution to < 1mm samples, and has some difficulties
in discerning low-contrast samples, the XRM has small
detector pixels (2 stage magnification) to maintain a high
resolution for samples from <1 mm and to as large as
50 mm. The phase-enhanced contrast detector enables
excellent imaging of low contrast samples.

The equipment had already demonstrated its
effectiveness in a pilot histology study of the phalanx of

Table 1. Technical parameters of scanning of samples with VersaXRM-500
Òàáëèöà 1. Òåõíè÷åñêèå ïàðàìåòðû ñêàíèðîâàíèÿ îáðàçöîâ ñ ïîìîùüþ VersaXRM-500
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a Denisovan girl (individual Denisova 3) from stratum
11.2 of the Denisova Cave [Mednikova et al., 2013].
The technical information from the scanning in the
current study is presented in Table 1.

Xradia software was used to create 3D models
and virtual cross-sections, and also to measure
osteons. Femur, humerus and rib have been traditional
objects for the application of histomorphometric
techniques [Kerley, 1965; Frost, 1987; Stout,
Teitelbaum, 1976; Stout, Stanley, 1991; Stout, Paine,
1992; Uytterschaut, 1985; Iwaniec et al., 1998],
whereas manual distal phalanges have not been
studied in this way so frequently. Yet it has been pointed
out that there are variations in histomorphology and
histomorphometry within and between human bones
[Robling, Stout, 1999; Cressimano, Stout, 2012; Qui
et el, 2003; Mulhern, 2000; Pirock et al,; 2006]. For
this reason, in the absence of representative data
concerning the histology of distal human phalanges
we have to consider the common microstructural
picture and the reduced number of features. Maximal
and minimal diameters of the secondary osteons were
measured, basing on presence of the cement line,
as well maximal and minimal diameters of Haversian
canals. Among 4 types of secondary osteons [Robling,
Stout, 1999] – common, embedded, double zonal and
drifting those – we measured osteons of two first types
and did so in the middle portion of the dorsal compact.

Osteon measurements for the Neanderthal distal
phalanx of Denisova 9 were taken in two remainders
of the bone which were not used for extraction of
ancient DNA: at the level of the transition from the
distal tuberosity to the diaphysis and in the dorsal
compact at the middle diaphysis.

For the other samples, comparison was made
of cross-sections of the dorsal compact bone at
midshaft. The percentage of the cortical area (%CA)
was estimated at midshaft level, and calculated as a
ratio of cortical area to total area of the diaphyseal
section.

In addition, digital micro-focus radiography of all
objects with magnification was performed at the
Institute of Archaeology of the Russian Academy of
Sciences using a PRDU-02 X-ray machine, along with
an HD-CD 35 NDT/CR 35 NCD scanner for optical
reading.

A listing of the 58 fossil distal phalanges of the
second-fourth digits used for comparative morphological
analysis is presented in Table 2. The comparative data
of modern humans were also taken [Russians – Bonch-
Osmolovsky, 1941; Sykh, Australian – McCown, Keith,
1939]. A comparative sample of adult modern natives
of known age and gender from the Altai highlands
was used. About 90 percent of this group were
involved in physical labour. X-ray films of the left
hands of living people were collected by an expedition

from Moscow University under the supervision of Prof.
T.Alexeeva in 1976-1986. We took measurements of
the row III on radiographs. The articular length of the
distal phalanx was the maximal distance between the
central part of the articular surface of the base and
the head. The breadth of the phalanx was measured
at midshaft level. The breadth of the proximal
epiphysis was the maximal distance between the
ulnar and radial margins. The breadth of the head
was a maximal distance between the ulnar and radial
margins perpendicularly to vertical axis.

PCA from the Statistica 10 programme (Multivariate
Exploratory techniques, Principal component/Classifi-
cation analysis) was provided for 37 fossil samples
and based on 5 measurements – articular length; distal
breadth; proximal maximal breadth; midshaft breadth;
and midshaft height.

Results

Identification

The Chagyrskaya Cave (archaeological specimen
2-11or Chagyrskaya-08). Distal phalanx from stratum
6b, horizon 2. Intact small long human bone, a distal
manual phalanx, found in 2011 (Fig. 1, Table 3). The
diaphysis shows anteroposterior flatness; the dorsal
surface is smooth and rounded; the palmar surface
is flat and more contoured. The bone ends with a
distal tuberosity typical of distal phalanges.

By modern criteria of epiphyseal fusion, the bone
belongs to an individual over 16 years old (if male) or
over 13.5 years old (if female) [Schaefer, Black, Scheuer,
2009]. No external signs of bone degeneration are
present. Therefore the phalanx most likely belonged to
a young adult or adult individual. Genetically, female
sex was determined (Viviane Slon, pers. comm.).

Human distal phalanges of the second – fourth
rays cannot be distinguished from one another on the
basis of shape alone. But phalanges of the third and
fourth digits do tend to be absolutely longer than those
of the second and fifth digits [Patel, Maiolino, 2016].

A micro-focus X-ray of the distal portion shows
up to three reabsorbed Harris lines (indicators of
growth disruptions during childhood), which are visible
in the lateral projection (Fig. 1e).

The Chagyrskaya Cave (archaeological specimen
16-2-12 or Chagyrskaya 56 ). Distal phalanx of second
ray of the right hand from stratum 6b, horizon 3. This
distal phalanx, found in 2012, belongs to either the
second or, less likely, fifth ray (Fig.2). Its length is
consistent with either interpretation (Table 3). The
sharpness of the distal edge – which is associated with
second digit [Bonch-Osmolovski, 1941] – makes the
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Table 2. List of comparative fossil materials. Distal phalanges of the second-fourth digits
Òàáëèöà 2. Ïåðå÷åíü ñðàâíèòåëüíûõ èñêîïàåìûõ ìàòåðèàëîâ. Äèñòàëüíûå ôàëàíãè 2–4 ëó÷åé
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Table 2 continued
Ïðîäîëæåíèå òàáëèöû 2

first interpretation more likely. Found together
established middle phalanx supports belonging to ray
II. Based on common size and in comparison with
Chagyrskaya 08 this phalanx also belonged to a
female of a similar age.

Strashnaya 4. Distal phalanx of fifth(?) ray of the
right hand from stratum 31, horizon 2 of Strashnaya
Cave. Found in 2015, this phalanx is the most
consistent in size with the fifth ray in comparison to
finds from other Altai caves (Fig. 3, Table 3). The
phalanx is symmetrical in shape but, on the dorsal
surface, shows deeper curvature on the right side.
From the palmar view, the line connecting the medial
and lateral edges of the proximal articular surface is
slightly raised in the distal direction on the right. These
signs are indicative of the bone being the ungual
phalanx of the fifth digit of the right hand [Christensen,
2009]. Palaeogenetic analysis identified the female

sex of this individual (Viviane Slon, pers. comm.).The
absence of fusion features as well involutive changes
shows she was older than 13,5 years, a rather young
adult or adult [Schaefer, Black, Scheuer, 2009].

Denisova 9 (Fig.4, Table 3). The dimensions of
the Denisova phalanx earlier suggested that it might
belong to digits II-IV. It was a part of the left (?) hand
of an adult individual (probably a male) – likely a third
or fourth phalanx [Mednikova, 2013b].

Macromorphology

In its longitudinal dimensions, breadth of the distal
tuberosity, and degree of flatness, the phalanx Denisova
9’s morphology corresponds to a Neanderthal,
demonstrating strong latitudinal hypertrophy of the
diaphysis [Mednikova, 2013b].
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Table 3. Morphological patterns of manual distal phalanges from Altai caves
Òàáëèöà 3. Ìîðôîëîãè÷åñêèå îñîáåííîñòè äèñòàëüíûõ ôàëàíã êèñòè èç àëòàéñêèõ ïåùåð

Notes: 1. Length from deepest point on the middle of the proximal facet to the most distal point of the head. 2.
Breadth on the primary carpal articular facet.

Ïðèìå÷àíèÿ: 1. Äëèíà îò ñàìîé ãëóáîêîé òî÷êè â ñåðåäèíå ïðîêñèìàëüíîé ôàñåòêè äî ñàìîé äèñòàëüíîé
òî÷êè ãîëîâêè. 2. Øèðèíà ñî÷ëåíîâíîé ôàñåòêè

By ratio between the articular length and distal
breadth among modern and fossil humans (n=120)
Denisova 9 is close to large Krapina phalanges
(Fig.5). Chagyrskaya 08 falls between Ferrassie 2
left third phalanx and sample Palomas 28. The smaller
bone Chagyrskaya 56 in this respect is similar to the
third right phalanx of the Upper Palaeolithic male
Sunghir 1 (Fig. 5). Strashnaya phalanx, being included
in the comparison with phalanges of the second-fourth
rays, shows similarity with two early modern humans,
Tianyuan 1 and Skhul IV. It should be stressed,
although the ranges of variation for Upper Palaeolithic
H. sapiens partially overlap with Neanderthals, they
are better differentiated than modern inhabitants of
Siberia, with some individuals demonstrating the
“Pleistocene” widening of the apical tuft.

The principal component analysis based on 5
features, included articular length, distal and basal
breadths, diaphyseal width and height and described
position of 37 fossil humans (Fig.6). Denisova 9,
Chagyrskaya 08 and 56 join in one quarter of the graph
together with Kiik-Koba 1, Shanidar 3 and 4, Ferrassie
2, and with two early modern humans Skhul IV and
Sunghir 1. Strashnaya 4 is separated with the Upper
Palaeolithic modern humans. The closest by form and
size to her phalanx seem to be the right bones of the
digits III-IV of the Abri Pataud 227 female. This means,
our first impression about belonging of Strashnaya to
the fifth digit should be accepted cautiously.

Among the distal phalanges of the Altai hominins,
this phalanx is the most gracile, short, with a narrow

shaft and narrow proximal epiphysis, but it is also the
tallest in relative terms. Its distal tuberosity (if
considering the small lengthwise dimensions of the
bone) is wide and the base shows hypertrophy,
especially in its height. But compared to the
phalanges from the second and third rays from
females Chagyrskaya 08 and 56 and particularly
Denisova 9, the Strashnaya 4 has the narrowest distal
tuberosity (Table 3).

In comparison to the Neanderthal phalanges of the
fifth digits (Table 4), the specimen from Strashnaya Cave
is short – similar to the most miniature Upper Palaeolithic
H. sapiens of Europe – but the circumference of the
shaft and diaphyseal breadth at midshaft are larger,
similar to Neanderthals. Its diaphysis is high, like in the
fifth phalanges of anatomically modern humans Omo1
and Sunghir 1. In terms of breadth at midshaft, the
phalanx from Strashnaya Cave is closer to Neanderthal
than H. sapiens bones, but with respect to the narrow
articular breadth of the base, is closer to Cro-Magnon
than Neanderthal phalanges. The breadth of
tuberosity is lesser than in Neanderthals, but greater
than in both the earliest (Kostenki 14) and latest (Abri
Pataud) Upper Palaeolithic H. sapiens in Europe
(Fig. 7). Thus the phalanx from Strashnaya Cave
shows a tendency towards large breadth of the distal
tuberosity, which is most pronounced in the
Neanderthal phalanx Denisova 9 [Mednikova, 2013b].
Yet by contrast with Denisova 9, the ungual phalanx
from Strashnaya Cave is tall, demonstrating a
structure consistent with modern anatomy.
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Figure 1. Distal manual phalanx Chagyrskaya 08 (2-11): a. dorsal view, b. lateral view, c. palmar view, d. lateral view,
e. lateral view by the micro-focus X-ray, f. anterior view by the micro-focus X-ray, g. 3D reconstruction and virtual

vertical cross-section in the area of the distal tuberosity, e. virtual cross-section with osteon measurements from the
dorsal compact at midshaft (top of the figure)

Ðèñóíîê 1. Äèñòàëüíàÿ ôàëàíãà êèñòè ×àãûðñêàÿ 08 (2-11): à. äîðçàëüíàÿ ïîâåðõíîñòü; b. âèä ñáîêó;
c. ëàäîííàÿ ïîâåðõíîñòü; d. âèä ñáîêó; e. áîêîâàÿ ïðîåêöèÿ íà ìèêðîôîêóñíîé ðåíòãåíîãðàììå; f. ïåðåäíÿÿ
ïðîåêöèÿ íà ìèêðîôîêóñíîé ðåíòãåíîãðàììå; g. Òðåõìåðíàÿ ðåêîíñòðóêöèÿ è âåðòèêàëüíûé âèðòóàëüíûé

ñðåç â îáëàñòè äèñòàëüíîé áóãðèñòîñòè, e. Âèðòóàëüíîå ñå÷åíèå ñ èçìåðåíèÿìè îñòåîíîâ äîðçàëüíîé
êîìïàêòû íà óðîâíå ñåðåäèíû (âåðõ ðèñóíêà)
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Figure 2. Distal manual phalanx Chagyrskaya 56 (16-2-12). a. dorsal view, b. lateral view, c. palmar view, d. lateral view,
e. lateral view by the micro-focus X-ray, f. anterior view by the micro-focus X-ray, g. 3D reconstruction and virtual vertical
transverse cross-section in the area of the distal tuberosity, h. virtual vertical anterior-posterior cross-section in the same

area, i. virtual cross-section with osteon measurements from the dorsal compact at midshaft (top of the figure)
Ðèñóíîê 2. Äèñòàëüíàÿ ôàëàíãà êèñòè ×àãûðñêàÿ 56 (16-2-12). à. äîðçàëüíàÿ ïîâåðõíîñòü, b. âèä ñáîêó, c. ëàäîííàÿ

ïîâåðõíîñòü, d. âèä ñáîêó, e. áîêîâàÿ ïðîåêöèÿ íà ìèêðîôîêóñíîé ðåíòãåíîãðàììå, f. ïåðåäíÿÿ ïðîåêöèÿ íà
ìèêðîôîêóñíîé ðåíòãåíîãðàììå, g. Òðåõìåðíàÿ ðåêîíñòðóêöèÿ è âåðòèêàëüíûé âèðòóàëüíûé ïîïåðå÷íûé ñðåç

â îáëàñòè äèñòàëüíîé áóãðèñòîñòè, h. âèðòóàëüíûé âåðòèêàëüíûé ñàãèòòàëüíûé ñðåç â òîé æå îáëàñòè.
i. âèðòóàëüíîå ñå÷åíèå ñ èçìåðåíèÿìè îñòåîíîâ äîðçàëüíîé êîìïàêòû íà óðîâíå ñåðåäèíû (âåðõ ðèñóíêà)
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Figure 3. Distal manual phalanx Strashnaya 4. a. dorsal view of the 3D reconstruction based on micro-tomography
results, b. palmar view, c. lateral view, d. anterior view by the micro-focus X-ray, e. 3D reconstruction and virtual

vertical cross-section in the area of the distal tuberosity, f. virtual cross-section with osteon measurements from the
dorsal compact at midshaft (top of the figure)

Ðèñóíîê 3. Äèñòàëüíàÿ ôàëàíãà êèñòè Ñòðàøíàÿ 4. à. äîðçàëüíàÿ ïîâåðõíîñòü íà òðåõìåðíîé ðåêîíñòðóêöèè ïî
ðåçóëüòàòàì ìèêðîòîìîãðàôèè, b. ëàäîííàÿ ïîâåðõíîñòü, c. âèä ñáîêó, d. ïåðåäíÿÿ ïðîåêöèÿ íà ìèêðîôîêóñíîé

ðåíòãåíîãðàììå, e. Òðåõìåðíàÿ ðåêîíñòðóêöèÿ è âåðòèêàëüíûé âèðòóàëüíûé ñðåç â îáëàñòè äèñòàëüíîé áóãðèñòîñòè,
f. âèðòóàëüíîå ñå÷åíèå ñ èçìåðåíèÿìè îñòåîíîâ äîðçàëüíîé êîìïàêòû íà óðîâíå ñåðåäèíû (âåðõ ðèñóíêà)
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Figure 4. Distal manual phalanx Denisova 9. a. dorsal view, b. lateral view, c. palmar view, d. anterior view by the
micro-focus X-ray, e. 3D reconstruction and vertical transverse cross-section in the area of the distal tuberosity,

f. virtual vertical anterior-posterior cross-section in the same area, g. virtual slice at the level of the transition from the
distal tuberosity to the diaphysis, h. virtual slice of the dorsal compact at midshaft (top of the figure)

Ðèñóíîê 4. Äèñòàëüíàÿ ôàëàíãà êèñòè Äåíèñîâà 9. à. äîðçàëüíàÿ ïîâåðõíîñòü, b. âèä ñáîêó, ñ. ëàäîííàÿ
ïîâåðõíîñòü, d. ïåðåäíÿÿ ïðîåêöèÿ íà ìèêðîôîêóñíîé ðåíòãåíîãðàììå, å. Òðåõìåðíàÿ ðåêîíñòðóêöèÿ
è âåðòèêàëüíûé âèðòóàëüíûé ñðåç â îáëàñòè äèñòàëüíîé áóãðèñòîñòè, f. âèðòóàëüíûé âåðòèêàëüíûé

ñàãèòòàëüíûé ñðåç â òîé æå îáëàñòè. g. âèðòóàëüíûé ñðåç íà óðîâíå ïåðåõîäà îò äèñòàëüíîé áóãðèñòîñòè
ê äèàôèçó. h. Âèðòóàëüíûé ñðåç äîðçàëüíîé êîìïàêòû íà óðîâíå ñåðåäèíû (âåðõ ðèñóíêà)
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Figure 5. Articular length and distal breadth of distal manual phalanges in the Pleisocene and Holocene hominins. Blue
triangles: Neanderthals, red rhombs: early modern humans, grey squares: modern males, grey circles: modern females
Ðèñóíîê 5. Ñî÷ëåíîâíàÿ äëèíà è äèñòàëüíàÿ øèðèíà ôàëàíã êèñòè ó ïëåéñòîöåíîâûõ è ãîëîöåíîâûõ ãîìèíèí.

Ñèíèå òðåóãîëüíèêè: íåàíäåðòàëüöû, êðàñíûå ðîìáû: ðàííèå ñîâðåìåííûå ëþäè, ñåðûå êâàäðàòû:
ñîâðåìåííûå ìóæ÷èíû, ñåðûå êðóæêè: ñîâðåìåííûå æåíùèíû

Microanatomy

Denisova 9. The appearance of the distal manual
phalanx from Denisova Cave is consistent with a
young adult or adult individual.

Micro-focus imaging before DNA sampling
[Mednikova, 2013b; Fig. 4d] shows differences between
this phalanx and the distal phalanges from Kiik-Koba 1
(Neanderthal) and Sunghir 1 (Upper Palaeolithic H.
sapiens): it shows a coarser structure of the trabeculae
and widespread sclerotisation of the upper portion of
the bone shaft, as well as multiple erosions of the distal
tuberosity. These preliminary observations were followed
up by more detailed studies.

Scanning of the remaining apical tuft of the
phalanx shows that the external contour of the
tuberosity expresses local manifestations of intensive
osteolysis (Fig. 4e). The internal space of the distal
tuberosity was formed by strong, extremely robust
and dense trabeculae consisting of bone material.
Imaging shows the area as completely osteonised
(Fig. 4e, f, g). Osteon size at the level of the transition
from the distal tuberosity to the diaphysis are large
and varies in the range of 236–720 µm (Fig. 4g).

Diameters of Haversian canals in the middle portion
of the slice are wide and vary in range 146-213 µm.

A slice of the dorsal compact at midshaft level
shows a more typical structure (Fig.4h). The width of
the dorsal compact here is 715 – 1090 µm. The osteon
diameters varies from 160,73 till 392,70 µm.
Diameters of Haversian canals are in range 60 – 103
µm. Larger and darker osteons are presented,
indicating low mineralisation of the dorsal compact
of distal phalanx Denisova 9.

Two phalanges from the Chagyrskaya Cave, both
belonged to females of the common (adult) biological
age. Although Chagyrskaya 08 and 56 have been
excavated in different archaeological strata, their
external morphology is very similar and they may
belong to one person. Besides other reasons,
microanatomical investigation could exclude such
possibility.

The dorsal compact at the midshaft level of
Chagyrskaya 08 is thin: 620-801 µm (Fig.1.e).
Diameters of the osteons in Chagyrskaya 08 vary from
150 to 330 µm, diameters of Haversian canals vary
from 34 till 130 µm.
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Figure 6. Results of PCA based on 5 morphometric features. Numbers of fossil samples as in the Table 3
Ðèñóíîê 6. Ðåçóëüòàòû ïðèìåíåíèÿ ìåòîäà ãëàâíûõ êîìïîíåíò ïî 5 ìîðôîìåòðè÷åñêèì ïðèçíàêàì. Íîìåð

èñêîïàåìûõ îáðàçöîâ êàê â òàáëèöå 3

Table 4. Comparative data of distal phalanges of the 5th digit in some fossil humans
(1,5,6,10 – measurements by M.Mednikova; 8 – measurements by Vilotte et al., 2015;

2,3 – measurements by Trinkaus, 1983; 4 – by Pearson et al., 2008; 9 – by Sladek et al., 2000)
Òàáëèöà 4. Ñðàâíèòåëüíûå äàííûå ïî äèñòàëüíûì ôàëàíãàì 5 ëó÷à ó íåêîòîðûõ èñêîïàåìûõ ëþäåé
( 1, 5, 6,10 – èçìåðåíèÿ M.Ìåäíèêîâîé; 8 – èçìåðåíèÿ Vilotte et al., 2015; 2,3 – èçìåðåíèÿ Trinkaus, 1983;

4 – èçìåðåíèÿ Pearson et al., 2008;  9 – èçìåðåíèÿ Sladek et al., 2000)
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The distal phalanx of Chagyrskaya 56 also has
small width of dorsal compact at midshaft level (521-
889 µm) (Fig.2i). Diameters of osteons are from 194
to 369 µm. Diameters of Haversian canal vary as 55 –
134 µm.

Both tubular bones show strong evidence of bone
remodeling, especially visible in perimedullary space.
But Chagyrskaya 08 has numerous resorptive cavities
inside the middle portion of the compact. Chagyrskaya
56 seems to have more regular structure of dorsal
wall (Fig.1, Fig. 2).

Percent of cortical area (%CA) also differentiates
the samples (58.77 in specimen 08 and 30.88 in 56).
That means, in spite of similarity, the phalanges
belonged to two different women.

The structure of the bone tissue of phalanges
from the Chagyrskaya Cave (Fig. 1 and 2) is markedly
different than that of the phalanx Denisova 9. In the
Denisova 9 specimen, the phalanx portion nearest
the nail is homogeneous and osteonised (Fig. 4). In
phalanges Chagyrskaya 08 and 56 (Fig.1 and 2)
osteonisation is found only in the peripheral area of the
virtual cross-slices, predominantly on the dorsal surfaces
next to the nail. The central portions of the shafts are
filled with relatively robust but sparse trabeculae

consisting of bone material that are not osteonised. The
edges of the distal tuberosity are uneven due to small
lysed surfaces of presumably pathological origin. The
phalanges from the Chagyrskaya Cave show traces of
intense blood circulation in the area nearest the fingernail
and finger pulp. For example, scanning of Chagyrskaya
08 clearly shows a prominent nutrient foramen, through
which a blood vessels and nerves were conveyed (Fig.1).

Even in this diverse context, the phalanx from
the Strashnaya Cave is different (Fig.3e, f). The
trabeculae form an interior area of the distal tuberosity,
as with the samples from the Chagyrskaya Cave. But
they are more robust. Thicker and denser shaft walls
(dorsal compact 900–1099 µm) are in common with
the compact width of phalanx Denisova 9. But the
absence of dark osteons indicates the higher level of
mineralisation in comparison with Denisova 9. Osteon
dimensions of Strashnaya 4 range from 145 to 321.5
µm, diameters of Haversian canals are 32 – 149 µm
(Fig. 3f). On the side of the endosteum, the bed of
the medullary canal is fringed with a zone of equally
sized lamellae approximately 150 µm thick. A
prominent nutrient foramen is present in the centre
of the phalanx, at the level of the edge of the nail
plate.

Figure 7. Strashnaya 4 in comparison with distal phalanges of the fifth ray of the Middle and Upper Palaeolithic
hominins. Var1 – articular length, Var2 – midshaft height, Var3 – distal breadth

Ðèñóíîê 7. Ñòðàøíàÿ 4 â ñðàâåíèè ñ äèñòàëüíûìè ôàëàíãàìè 5 ëó÷à ñðåäíå- è âåðõíåïàëåîëèòè÷åñêèõ
ãîìèíèí. Var1 – ñî÷ëåíîâíàÿ äëèíà, Var2 – âûñîòà â ñåðåäèíå äèàôèçà, Var3 – äèñòàëüíàÿ øèðèíà
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The phalanges from the Denisova and Strashnaya
caves are the thickest-walled and internally most
robust, making them similar despite their clear
morphological differences: corticalisation measured at
mid-shaft (%ÑÀ) is 92.85 and 82.61 respectively. The
distal phalanges from the Chagyrskaya Cave are
internally gracile and feature a thin layer of compact
bone (as mentioned above), the metaphyses and shaft
are reinforced by trabeculae, which occupy the space
of the medullary canal.

Discussion

E.Trinkaus [2016] summarised basic trends in
hand morphology of Pleistocene representatives of
genus Homo, subdivided into early modern humans,
Neanderthals, Middle Pleistocene humans (often
included within Homo heidelbergensis), Early
Pleistocene humans (Homo erectus sensu lato) and
Homo naledi. Followed many researchers he pointed
out that Neanderthal phalanges have relatively broad
epiphyses, involving also the articular facets on the
bases of all phalanges. The ratio of proximal maximum
breadth and phalangeal length, in general, showed that
the Middle and Late Pleistocene archaic humans were
relatively robust when compared with the recent
humans, whereas the Middle Pleistocene Modern
Humans and Upper Palaeolithic Modern Humans were
gracile. In the Middle and Late Pleistocene archaic
humans had rounded apical tufts. Neanderthals and
Middle Pleistocene anatomically modern humans had
absolutely broader tufts and relatively longer ulnar
distal phalanges than most recent humans. The early
modern humans had shorter distal phalanges and
narrower tufts.

The early modern and early Upper Palaeolithic
humans had apical tufts that were significantly less
expanded in comparison with Neanderthals [Mittra
et al., 2007].

External measurements and comparative study
show that the distal phalanges of the third and second
digits of individuals Denisova 9, Chagyrskaya 08 and
56 share Neanderthal morphological features, because
they are long, with wide and flat diaphysis and broad,
rounded head. Phalanx Strashnaya 4 of the second –
fifth (?) digit belonged to an individual with patterns of
modern anatomy: it was shorter, with high and narrow
diaphysis and narrower distal epiphysis.

Thus, our sample under the study consisted from
one Neanderthal male (?) Denisova 9, two Neanderthal
women Chagyrskaya 08 and 56, and anatomically
modern female Strashnaya 4.

While the external dimensions of the distal
phalanges from the Chagyrskaya and Denisova caves

fall entirely within the range of Neanderthal variability,
their internal structures are different. In the distal half
of the ungual Neanderthal phalanx from Denisova
Cave, the space of the medullary canal was fully
displaced by osteonised tissue, and at the level of the
midshaft, where the canal is still visible, the walls were
massive. By contrast, the phalanges from the
Chagyrskaya Cave are thin-walled but the space of
the medullary canal along its entire course is filled with
non-osteonised trabeculae of bone material, effectively
implying the presence of cancellous tissue.

The large inner robusticity of the distal phalanx
Strashnaya 4 differs this woman from Neanderthal
females Chagyrskaya 08 and 56. A virtual cross-section
of the phalangeal diaphysis shows depositing of
lamellar structures of bone material from the side of
the medullary canal. This feature joins female
Strashnaya 4 with the Upper Palaeolithic man Kostenki
14. But radiography of his distal phalanges revealed
complete medullary stenosis [Mednikova, Moiseev,
Êhartanovich, 2016; Mednikova, 2016a,b], and in case
of Strashnaya 4 the medullary canal in the diaphysis is
well visible and even free from trabecular involvements
met in bones of Altai Neanderthals.

Thickness of the walls of the diaphysis of long
bones is usually explained as the result of hypertrophy
caused by physical activity, as shown by a range of
empirical evidence [Ruff et al., 1993], but it seems
unlikely that mechanical stresses could have been so
radically different for Neanderthals from two Altai caves,
Denisova and Chagyrskaya. We cannot exclude that
the inner gracility of phalangeal walls, remarkable in
females Chagyrskaya 08 and 56, could be connected
with involutive changes. Osteoporosis as a metabolic
disease involving loss of bone mineral of advanced age
results in decreased bone strength and fractures; today
it affects older post-menopausal women, but even in
the Medieval age in could imply pre-menopausal bone
loss in females after 30 years, caused by number of
births and by late weaning of infants [Mays, 2009]. As
shown by clinical data, elevated remodeling activity has
very rapidly come to be seen as a major cause of
osteoporotic fragility [Heaney, 2002].

But thin-walled phalanges Chagyrskaya 08 and
56 seem to be strengthened by cancellous tissue,
localised not only in epiphyses, which is true of modern
humans, but in diaphyses as well.

Notably, both morphological variants of the internal
structure of distal phalanges found in the Altai
Neanderthals entailed a reduction in the space
occupied by bone marrow. The diaphysis of long bones,
including small ones, in healthy anatomically modern
adults contains yellow bone marrow (medulla ossium
flava), which in turn contains pigmented adipose cells
[Kobolak et al., 2015]. Some work has investigated
anatomy of the bone marrow in distal manual phalanges.
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It was found early on that small bones of hands and
feet contained fatty marrow in the adult, as did also
the tibia, fibula, radius, and ulna, whereas the humerus
and femur contained a small area of red marrow at
the upper epiphysis; the fatty metamorphosis
commenced in the most distal parts of the limb bones;
the distal bones contain only fatty tissue in their
diaphyses, this is the adult condition of the shafts of
the long bones; incomplete bony trabeculae are always
present in fatty tissue of diaphysis; the fatty change in
the epiphyses is complete by the age of 20 years, but
small patches of red marrow may remain [Piney, 1922].
Conversion from red to yellow marrow begins in the
terminal phalanges of feet and probably the hands just
before birth, when all marrow is hematopoetic; but fat
marrow is quickly converted back to hematopoetic red
marrow when the marrow system is stressed or
replaced [Krikun, 1985]. Under normal conditions
yellow bone marrow does not perform hematopoietic
functions, but in case of severe blood loss – which
was quite possible, given the Neanderthals’ traumatic
lifestyle [Berger, Trinkaus, 1995] – the body can convert
yellow marrow to red marrow in order to increase blood
cell production [Kobolak et al., 2015].

Bone marrow is a metabolically active structure
since, as blood comes into contact with bone tissue,
the blood is enriched with mineral salts and regulatory
factors. Experiments demonstrated a difference in
marrow temperature of distal extremities compared to
proximal extremities, with intramedullary gradiant of
40 to 80 C in the phalanges compared to the warmer
proximal long bones, sternum and skull [Kricun, 1985].

The upper part of distal phalanx of Denisova 9
indicates reduced space for filling of the yellow bone
marrow. It resembles radiological condition known as
the ivory structure of epiphyses in some modern humans
[Kuhns et al., 1973; Laan van der, Thijn, 1986; Herman
et al., 1986]. Ivory epiphyses in modern humans are
defined as normally shaped epiphyses radiologically
shown increase of density and the absence of medullary
canal, observed in some congenital syndromes and
dysplasias like Thiemann disease, tricho-rhino-
phalangeal syndrome, variants of multiple epiphyseal
dysplasia, Seckel syndrome or even in healthy humans
[van der Laan, Thijn, 1986]. Ivory phalanges are more
typical in people of African ancestry, and the incidence
of the feature was higher in the Nigerian children in
comparison with black American subadults [Kuhns et
al., 1973; Shaw, Bohrer, 1979].

Separate discussion is merited with regard to
traces of bone lysis observed in stronger degree on
the phalanx Denisova 9. We should point that this
external destruction seems not to be dependent on
taphonomy of the fossil bone as can be seen in 3D
reconstructions of apical tufts. Phalangeal tuft resorption
can be a sign of the frostbite injury after long exposure

to cold [Crouch and Smith, 1990]. This corresponds to
earlier observations from experienced radiologists and
clinicist D.G. Rokhlin [1965] who concerned similar
changes in the distal phalanges of three toes of the
Neanderthal Kiik-Koba 1. Rokhlin pointed that sometimes
frostbite causes bone lysis without osteomyelitis, and it
can be a case of Denisova 9.

The majority of studies of microstructural patterns
of the compact bone tissue in Pleistocene hominins
were undertaken for the purpose of biological age
estimation [Thompson, Trinkaus, 1981; Trinkaus,
Thompson, 1987; Ericksen, 1991; Abbot et al, 1996;
Pfeifer, Zehr, 1996; Sawada et., 2004; Ramsay et al.,
2005; Streeter et al, 2001; 2010]. These were done
using a destructive technique – a problem which can
be overcome now by radiological microscopy and by
improvement of visualisation techniques. It was
estimated that bone remodeling rates for the Pleistocene
humans (e.g. Shanidar 2, 3, 4, 5, 6, Tabun 1, Skhul 3, 6
and 7) are similar to the values of the more recent
comparative sample [Streeter et al., 2010]. That means,
the data of numerous studies considering bone
remodeling in modern and archaeological populations
can be used for better understanding of patterns of fossil
humans in relation to age, gender, dietary deficiencies
or physical load [Parfitt, 1994; Raisz, 1999; Pfeifer et
al, 2006; Stout, Lueck, 1995; Paine, Brenton, 2006; Cho,
Stout, 2011; Goliath et al., 2016].

To resume the overall picture, at the midshaft level
Denisova 9 has thick dorsal compact, large and slightly
mineralised secondary osteons, the smallest diameters
of Haversian canals. Two Neanderthal females from
Chagyrskaya show common features: thin compact,
smaller osteons, low density of compact tissue, larger
Haversian canals. The anatomically modern woman
Strashnaya 4 has thick and very dense, highly
mineralised compact with dimensions broadly match
those in two Neanderthal females of Chagyrskaya and
“intermediate” values of Haversian canals.

It is known, that people of African ancestry have
bone mass which is greater and denser than
Europeans. The higher osteon population density in
European-Americans in comparison with African-
Americans is supported by observations in South
Africa. Europeans show greater cortical porosity and
larger osteon size than Africans. The young African
Americans have larger cortical area [Cho et al., 2002].
They have lower urinary calcium levels, resembling
lower bone resorption than Europeans, they have
slower bone turnover rate, greater rate of subperiosteal
opposition [Cho et al., 2006].

Altogether, these data for modern humans indicate
that the owner of distal phalanx Strashnaya 4 saved
patterns of the relatively recent tropical ancestry. A find
at Ust-Ishim indicates H. sapiens settlement in Western
Siberia approximately 45 ka [Fu et al., 2014], and
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Strashnaya 4 increases number of the finds of
Pleistocene modern humans in Siberia.

The Neanderthal women in Chagyrskaya probably
demonstrate features of cold-adapted morphology and
histology, connected with higher level of bone remodeling
and with higher vascularisation. In particular, it can be
visible in larger nutritive foramens and larger Haversian
canals. Notably, discussion about larger apical tufts in
Neanderthals with comparison of modern warm- and cold-
adapted humans gave inconclusive results, since modern
Inuits have small pulp [Mittra et al, 2007]. It is possible
that the study of thin structures could be also informative
in evaluation of metabolic intensity. Morphological data
were quite recently confirmed by the study of the high-
coverage Neanderthal genome of Chagyrskaya 08
specimen. It is more closely related to Vindija 33.19 and
other late Neanderthals in western Eurasia than to the
Denisova 5 Neanderthal. Generally speaking, it is related
to Neanderthal populations that moved east sometime
between 120 and 80 thousand years ago [Mafessoni et
al., 2020].

Finally, Denisova 9 has typical (?) Neanderthal
features (large osteons, low density and mineralisation
of compact bone at the midshaft level), but also very
thick walls of the bone, ivory epiphyses and relatively
small diameters of Haversian canal. We should remind
that this bone was found in the level 12 of Denisova
Cave, rather more ancient than the level 11.4 – where
the pedal phalanx was found which gave the high quality
Neanderthal genome [Prhfer et al., 2014]. Additionally
the palaeogenetic study showed that the Altai
Neanderthals from Denisova are a group, who had
recent contributions of modern humans [Kuhlwilm et
al., 2016].

Overall it can be suggested that the Neanderthals
in Altai resulted from different waves of migration.

Conclusion

The isolated distal manual phalanges considered
in our study from adult hominid individuals in
Pleistocene deposits of Altai caves are not common,
but they constitute a valuable source of information
for understanding the scale of morphological variability
among the population of this area of contact and
hybridisation.

During the Pleistocene era, representatives of the
lineage of Denisovans, who had long since settled this
location, encountered newcomers of Neanderthal
origin. Preliminary research indicated Neanderthal
appearances in the Okladnikov, Chagyrskaya and
Denisova caves. Study of high-coverage genome of a
Neanderthal woman from Denisova (stratum 11.4)
revealed a hybrid origin of a group with gene flow

between Neanderthals, Denisovans and modern
humans [Prhfer et al., 2014]. It is shown in later
research that Altai Neanderthals from Denisova were
the only Neanderthal group with separate ancestry,
dating from around 100 000 years ago or more, which
appeared from modern humans who had diverged
early in Africa [Kuhlwilm et al., 2016].

Describing the features of the macro- and
microanatomy of four adult distal manual phalanges
from excavations in the Chagyrskaya, Denisova and
Strashnaya caves, we tested a hypothesis that the
Pleistocene Altai Mountains could be the home of
humans who belonged to distinctive lineages. We also
checked an idea about the high morphological diversity
among Neanderthals in Altai in the context of their
possible genetic or chronological differences.

According to the data of their macromorphology,
three of the studied bones (Denisova 9, Chagyrskaya
08 and 56) seem to be Neanderthal. They are long,
with wide and flat diaphysis, with wide and rounded
apical tuft. The fourth, a distal phalanx Strashnaya 4
belonged to a representative of modern humans: it was
short, with high and narrow diaphysis, and narrower
in comparison with Neanderthals apical tuft.

Based on data obtained by non-destructive
radiological investigation, we can conclude that bones
studied differ strongly according to their inner
robusticity. Because of thick walls the Neanderthal
phalanx Denisova 9 is much closer to the “modern”
specimen Strashnaya 4, than to the phalanges of other
Neanderthals from the Chagyrskaya Cave.

Denisova 9 presents a picture typical for so called
ivory epiphyses – with osteonisation of the head and with
distal half of the shaft with complete displacement of
medullary space. Two Neanderthals from Chagyrskaya
seem to be different. Their thin-walled phalanges are
filled throughout by cancellous bone tissue. In the thick-
walled phalanx Strashnaya 4 medullary space of the
diaphysis is visible well.

In the middle portion of the dorsal compact at the
midshaft level, Denisova 9 has large and low
mineralised secondary osteons with relatively narrow
Haversian canals. Both these Neanderthals from
Chagyrskaya show smaller osteons, low density of
compact tissue, larger Haversian canals. Strashnaya
4 has thick and very dense, highly mineralised compact
with diameters osteons broadly matching those in the
two Neanderthals of Chagyrskaya but with narrower
Haversian canals.

Our data might support the attribution of the
Neanderthals Denisova 9 and Chagyrskaya 08 and 56
to two different groups. The appearance of the
anatomically modern Strashnaya 4 shows that during
Pleistocene the environment of the Altai Mountains
attracted humans of different lineages.
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ДИСТАЛЬНЫЕ ФАЛАНГИ КИСТИ ВЕРХНЕПЛЕЙСТОЦЕНОВЫХ HOMO
ИЗ АЛТАЙСКИХ ПЕЩЕР

Ââåäåíèå. Â ñòàòüå ïðåäñòàâëåíî ñðàâíèòåëüíîå ìîðôîëîãè÷åñêîå èññëåäîâàíèå äèñòàëü-
íûõ ôàëàíã êèñòè âòîðîãî – ïÿòîãî ëó÷åé ó èñêîïàåìûõ îáèòàòåëåé ãîðíîãî Àëòàÿ. Ñîãëàñíî
ïðåäøåñòâóþùèì èññëåäîâàíèÿì, ýòîò ðåãèîí ïðåäïîëîæèòåëüíî ñëóæèë êîíòàêòíîé çîíîé íå-
àíäåðòàëüöåâ è äåíèñîâöåâ.

Öåëü èññëåäîâàíèÿ. Ìû ðàññìîòðåëè ãèïîòåçó î ïðèñóòñòâèè íà Àëòàå ýïîõè ïëåéñòîöåíà
ãîìèíèä ðàçíîãî ïðîèñõîæäåíèÿ è, â òîì ÷èñëå, î ñóùåñòâîâàíèè ðàçíûõ ìîðôîëîãè÷åñêèõ âàðèàí-
òîâ ñðåäè íåàíäåðòàëüñêèõ îáèòàòåëåé Àëòàÿ.

Ìàòåðèàë è ìåòîäû. Äèñòàëüíûå ôàëàíãè êèñòè èç ðàñêîïîê â ïåùåðàõ Äåíèñîâà, ×àãûðñêàÿ
è Ñòðàøíàÿ áûëè èçìåðåíû, îòðåíòãåíîãðàôèðîâàíû è îòñêàíèðîâàíû äî òîãî, êàê èç íèõ áûëè
âçÿòû ïðîáû äëÿ ÄÍÊ àíàëèçà. Ñêàíèðîâàíèå âûïîëíÿëîñü ñ èñïîëüçîâàíèåì ðàäèîëîãè÷åñêîãî ìèê-
ðîñêîïà, ðàçðåøåíèå êîòîðîãî ïîçâîëÿåò êîìáèíèðîâàòü òðàäèöèîííûå ìåòîäû ðàäèîëîãèè è íå-
ðàçðóøàþùåé ìèêðîñêîïèè.

Ðåçóëüòàòû. Íàøè äàííûå äåìîíñòðèðóþò âûñîêóþ ìîðôîëîãè÷åñêóþ èçìåí÷èâîñòü ïîïóëÿ-
öèè ýïîõè âåðõíåãî ïëåéñòîöåíà. Òðè èç ÷åòûðåõ èññëåäîâàííûõ ôàëàíã áûëè èäåíòèôèöèðîâàíû
êàê íåàíäåðòàëüñêèå (Äåíèñîâà 9, ìóæ÷èíà (?), ×àãûðñêàÿ 08 and 56, æåíùèíû) áëàãîäàðÿ äëèííî-
ìó, øèðîêîìó è óïëîùåííîìó äèàôèçó, øèðîêîé è çàêðóãëåííîé äèñòàëüíîé áóãðèñòîñòè. Ôàëàíãà
Ñòðàøíàÿ 4 õàðàêòåðèçóåòñÿ àíàòîìè÷åñêè ñîâðåìåííûìè îñîáåííîñòÿìè è íå îòíîñèòñÿ ê íå-
àíäåðòàëüñêèì íè ïî ïðîïîðöèÿì, íè ïî ðàçìåðàì. Îíà êîðîòêàÿ ñ îòíîñèòåëüíî óçêèì è âûñîêèì
äèàôèçîì. Ñîâðåìåííûå ìåòîäû ðàäèîëîãè÷åñêîãî èññëåäîâàíèÿ âûÿâëÿþò äâà ðàçëè÷íûõ ìîðôî-
ëîãè÷åñêèõ âàðèàíòà, ïðåäñòàâëåííûõ íà Àëòàå íåàíäåðòàëüöàìè èç ïåùåð Äåíèñîâà è ×àãûðñ-
êàÿ. Ôàëàíãè ñóùåñòâåííî ðàçëè÷àþòñÿ ïî âíóòðåííåé ñòðóêòóðå. Â äèñòàëüíîé ÷àñòè Äåíèñîâà
9 ïðîñòðàíñòâî ìåäóëëÿðíîãî êàíàëà ïîëíîñòüþ âûòåñíåíî îñòåîíèçèðîâàííîé òêàíüþ, îáðàçóÿ
âàðèàíò ò.í. çóáîâèäíîãî ýïèôèçà, â ÷àñòíîñòè, ðàñïðîñòðàíåííîãî ñðåäè ñîâðåìåííûõ ëþäåé
àôðèêàíñêîãî ïðîèñõîæäåíèÿ. Äåíèñîâà 9 ñõîäíà ñ ñàïèåíñîì Ñòðàøíàÿ 4 áëàãîäàðÿ âûñîêèì
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