ANTHROPOLOGY AND PALEOGENETICS

doi:10.17746/1563-0110.2022.50.3.131-139

A.V. Zubova' 4, A.M. Kulkov?, O.L. Pikhur3, V.G. Moiseyev',

K.A. Kolobova?, and S.V. Markin*
!Peter the Great Museum of Anthropology and Ethnography (Kunstkamera), Russian Academy of Sciences,

Universitetskaya nab. 3, St. Petersburg, 199034, Russia
E-mail: zubova_al@mail.ru; vmoiseyev@mail.ru

2Saint Petersburg State University,

Universitetskaya nab. 7-9, St. Petersburg, 199034, Russia
E-mail: aguacrystals@narod.ru

3Kursk State Medical University,

K. Marksa 3, Kursk, 305041, Russia

E-mail: pol0012@mail.ru

“Institute of Archaeology and Ethnography,

Siberian Branch, Russian Academy of Sciences,

Pr. Akademika Lavrentieva 17, Novosibirsk, 630090, Russia
E-mail: kolobovak@yandex.ru; markin@archaeology.nsc.ru

A Case of Chronic Maxillary Sinusitis
in a Late Neanderthal Population of the Altai Mountains

We describe a likely case of chronic maxillary sinusitis (CMS) in a Neanderthal skeletal sample from Chagyrskaya
Cave, in the Altai Mountains. Signs of CMS were recorded in the Chagyrskaya 57 specimen, which is a fragment of
a left maxilla. Alveoli of the upper first molar are partially preserved, and so are the second and third upper molars,
with adjacent parts of the walls, and the floor of the maxillary sinus. The fragment was found in layer 6b, dating to
53,100-51,100 BP. We analyze the factors that had caused the development of the disease, and assess its etiology. In
the 3D-model, generated by computed microtomography, and in the original specimen, porotic changes were registered,
situated at the fracture line of the alveoli of M', lost post-mortem, and near the vestibular roots of both preserved
molars. Also, there were isolated bone spicules, 1.0-2.6 mm in size. These signs indicate incipient CMS, evidently
caused by chronic periodontal disease combined with a deep alveolar recess of the maxillary sinus. As the periodontal
gap expanded, several small nutrient foramina, piercing the bottom of the sinus, merged. As a result, several oro-antral
channels formed, whereupon the infection spread into the maxillary sinus. Since the deep alveolar recess is observed in
the vast majority of Neanderthal crania with published images or reconstructed maxillary cavities, it can be assumed
that Neanderthals were predisposed to odontogenic CMS.

Keywords: Chronic maxillary sinusitis, Neanderthals, Chagyrskaya Cave, paleopathology, archaeology, Middle
Paleolithic.

Introduction maxillary sinuses, of an infectious or allergic nature
(Arefieva et al., 2014: 11). This is one of the most
Chronic maxillary sinusitis (CMS) is a persistent long-  widespread chronic respiratory diseases in the world today

term inflammation of the mucous membrane of the (Slavin, Spector, Bernstein, 2005; Brook, 2009). In most
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cases, CMS does not pose a direct threat to life, but its
manifestations can cause noticeable physical discomfort.
These include obstructed nasal breathing, headaches, and
general weakness; and during exacerbations, purulent
discharge from the nose, sometimes fever; although it can
also be asymptomatic (Arefieva et al., 2014: 26; Sipkin
et al., 2013: 83-84).

Unlike many other respiratory diseases, CMS can
be relatively easily detected in ancient skeletal remains.
The mucosa of the sinus is so tightly related to the
periosteum that it actually forms one unit with it; thus,
its inflammations rapidly spread to bone tissue. This
leads to a chronic inflammation of the walls of the
sinus (osteitis), the structure of the bone tissue becomes
heterogeneous and exhibits foci of osteosclerosis,
osteoporosis, and remodeled bone tissue. These signs
can be detected by visual examination of the maxillary
sinus, or reconstructed by computed tomography (CT)
images (Boocock, Roberts, Manchester, 1995; Sundman,
Kjellstrom, 2013; Biedlingmaier et al., 1996; Erdogan,
Fidan, Giritli, 2016; Mafee, Tran, Chapa, 2006; Georgalas
et al., 2010; Momeni, Roberts, Chew, 2007; Snidvongs
et al., 2014).

In ancient populations, CMS is considered a marker
of cumulative stress of a multifactorial nature. A variety
of factors stimulating an increase or a decrease in the
prevalence of the disease in archaeological samples
has been suggested in the literature: anthropogenic
air pollution, adverse social conditions, climatic and
geographic factors, etc. (Zubova, Ananyeva, Moiseyev
et al., 2020; Zubova, Moiseyev, Ananyeva et al.,
2022; Lewis, Roberts, Manchester, 1995; Roberts,
2007; Panhuysen, Coenen, Bruintjes, 1997). But those
hypotheses are based mainly on the study of modern

ITlovokuznetsk

Fig. 1. Location of the caves with the remains of the late Neanderthals

in the Altai.

human populations of the last two millennia (Teul
et al., 2013; Sundman, Kjellstrom, 2013; Roberts, 2007,
Lewis, Roberts, Manchester, 1995; Panhuysen, Coenen,
Bruintjes, 1997), while the prevalence and dominating
factors of the epidemiology of CMS in earlier ages and
in different species of the genus Homo have not been
studied to date.

This work describes a possible case of CMS in a
Neanderthal sample from Chagyrskaya Cave in the Altai
Mountains. To the best of our knowledge, there is only
one more described case of CMS in Neanderthals detected
in the Neanderthal 1 individual (Schultz, 2006). The
main goal of the present study is to explore the factors
that have led to the development of the recorded chronic
inflammation in the maxillary sinus, and to determine the
etiology of the discase.

Materials and methods

The bone fragment that is the focus of the present study
(Chagyrskaya 57) was found in the Chagyrskaya Cave,
in layer 6b. The site (51°26'34.6"" N; 83°09'18.0" E)
is located on the left bank of the Charysh River, in the
foothills of the Tigirek ridge, in the northwestern Altai
(Fig. 1). This karst cavity of northern exposure is located
in the low mountains, at an altitude of 353 m above sea
level, and 19 m above the river level.

Chagyrskaya Cave is renowned for its collection of
Neanderthal remains—the largest one in North Asia.
The cave was inhabited during ca 10 thousands years
(5949 ka BP) by a small population that was genetically
closer to the late European Neanderthals than to the
ancient Altaian groups of the species known from
Denisova Cave (Denisova 5) (Mafessoni et al.,
2020; Kolobova et al., 2020; Vernot et al., 2021).
Evidence of the presence of late Neanderthals
in the Altai was also found in Okladnikov Cave.
Both archacological and paleogenetic data suggest
that these two caves were exploited by the same
population. According to direct dating, the caves
were inhabited simultaneously at the final stage
of using Chagyrskaya, and at the carly stage of
populating Okladnikov (Kolobova, Shalagina,
Chabai et al., 2019; Skov et al., 2022).

Chagyrskaya Cave was located on the route
of seasonal migrations of large herbivores, and
is thought to have been a base and hunting camp
for Neanderthals. It was used at the end of the
summer and at the beginning of the autumn season,
when its inhabitants hunted female and young
bisons (Kolobova, Chabai, Shalagina et al., 2019;
Kolobova et al., 2020). The whole cycle of game
utilization, including the extraction of bone marrow
and making numerous bone tools, took place in the
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Fig. 2. Scheme of Chagyrskaya Cave indicating the location
where specimen 57 was found (the area of the excavation is
depicted in gray).

cave. Almost the whole cycle of stone tool manufacture was
also recorded at the site. This included production/trimming
of high backed bifaces and convergent scrapers (Baumann
et al., 2020; Shalagina et al., 2020).

Recent paleogenetic studies have demonstrated that
the Chagyrskaya Neanderthals lived in small isolated
family groups, which included closely related individuals
(i.e. father-daughter, cousins). This fact indirectly suggests
that the cave was inhabited for a short period of time.
According to the existing genetic models, the Neanderthal
groups were patrilocal and exchanged females (Skov
et al., 2022). The Neanderthals from Chagyrskaya also
had genetic contacts with the Altaian Denisovans, as was
shown by detecting a first generation hybrid between the
two species (Slon et al., 2018).

Layer 6b is a grayish-brown silty dense porous
carbonate silt sediment containing rare angular limestone
fragments, bone fragments, lithic artifacts, and river
pebbles. The lower boundary is erosive. The layer
has a colluvial genesis and includes the remains of
material culture moved from the layers 6¢/1, 2. From
the taphonomical point of view, this layer represents the
remains of a hyena’s breeding-den. The Chagyrskaya 57
specimen was found in sq. H-11 of the main chamber
of Chagyrskaya Cave (Fig. 2). In this and neighboring
squares, 42 more anthropological specimens were
detected (Skov et al., 2022). According to the genesis of
layer 6b, the Chagyrskaya 57 specimen, as well as the
others, was moved from layers 6¢/2, 1, from deeper areas
of the cave, owing to a colluvial transfer. Direct dating
of bone remains produced four AMS-dates beyond the
scope of the method (>49,000 and >52,000 BP), and OSL-
dates fitting into the range between 53,100 and 51,100 BP
(Kolobova et al., 2020).

Chagyrskaya 57 (Fig. 3) is a fragment of a left maxilla
with the sockets of the roots of the first molar partially
preserved; and the second and third molars, and the
surrounding structures of the anterior and posterior walls
and the floor of the maxillary sinus fully preserved. The
length of the fragment is 30.2 mm, width 18.3 mm, height
23.7 mm. The maximum height of the preserved part of
the anterior wall of the sinus is 7.1 mm, posterior wall
5.5 mm (taken from the floor of the sinus).

MicroCT scanning of the specimen was carried out in
the X-Ray Diffraction Research Center of St. Petersburg

Fig. 3. 3D-model of the Chagyrskaya 57 maxillary fragment.
a — mesial norm; b — lingual; ¢ — distal; d — vestibular; e — occlusal;
f— view from the side of the floor of the maxillary sinus.
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State University, using Bruker SkyScan-1172 with
the following settings: tube voltage 100 kV, amperage
100 pA, aluminum filter 0.5 mm, rotation step 0.25°,
resolution 6.64 um/pixel. Processing of the raw images
and creation of a 3D-model of the fragment were carried
out in NRecon and CTAn (Bruker-micro CT, Kontich,
Belgium), respectively.

The manifestations of CMS were observed both in
the 3D-model and the original specimen: osteoporotic
and bone-remodeling loci on the floor and internal
walls of the sinus. We employed a protocol scoring
the manifestations of the disease as four grades (score
0 to 3), depending on the severity of the lesions: 0 —
complete absence of pathological changes; 1 — subtle
manifestations of osteoporosis: small clusters of pits or
bone spicules 1 to 3 mm in length and occupying an area
less than 1.5 cm?; 2 — remodeled bone tissue and spicules
occupy an area of 1.5 to 2.5 cm?, merge with each other,
and form network-like structures; 3 — lesions occupy a
half of one of the walls of the sinus or more (Sundman,
Kjellstrom, 2013: Fig. 2).

Infection of the sinus mucosa can occur in various
ways: rhinogenic, hematogenous, or odontogenic
(Mukovozov, 1982: 105). An attempt to differentiate
between these etiologies was made for the specimen
from Chagyrskaya. But this attempt, unfortunately, was
seriously limited by the nature of the data available.
With hematogenous etiology, the infection penetrates
into the sinuses through the circulatory system, which
is observed in severe infectious diseases such as
typhoid, influenza, or scarlet fever. As these diseases
do not produce specific skeletal markers, it is virtually
impossible to diagnose a hematogenous infection in bone
specimens.

Rhinogenic sinusitis develops with respiratory
infections and certain types of allergies. It can be
differentiated by the presence of signs of inflammation
in the nasal cavity and ostiomeatal complex, bilateral
damage to the sinuses, and the spread of inflammation
not only to the maxillary, but also to other paranasal
sinuses (Ibid.: 110). For the Chagyrskaya 57 individual,
only a single fragment of the maxillae is present, making
the determination of uni- vs. bilateral localization of the
inflammation, as well as the description of the ostiomeatal
complex, impossible.

Odontogenic forms of the disease develop as a result
of the penetration of the microorganisms of the oral cavity
into the maxillary sinus through the channels forming as
a result of resorbtion of the alveolar bone owing to a long
course of chronic periodontitis, chronic periodontitis,
or osteomyelitis (Buskina, Gerber, 2000; Abrahams,
Glassberg, 1996). Unlike those of a rhinogenic or a
hematogenous etiology, such forms of the disease can be
casily detected in skeletal specimens. In order to diagnose
these, the presence of a chronic disease of the dentition

must be confirmed, and the channels of oro-antral
communication through which the infection penetrated
into the sinus should be detected.

In order to determine the possible odontogenic nature
of CMS in the Chagyrskaya 57 specimen, a protocol
for scoring pathological manifestations of the dentition
was employed. The protocol included the fixation of
deposits of supragingival calculus, ante-mortem dental
trauma, signs of initial and secondary caries, enamel
hypoplasia, and markers of chronic periodontitis in the
original specimen. Manifestations of the periodontal
disease were described following Ogden (2007), whose
protocol permits differentiation of chronic inflammations
and normal age changes of periodontal tissue or dental
roots related to the compensatory reaction to lowering of
the dental crowns due to attrition. The 3D-model of the
specimen was used to determine the presence or absence
of: the oro-antral fistula; hypercementosis on the teeth-
roots; expansion of the periodontal space; and changes in
the structure of the compact of alveolar cells and in the
sequesters of bone tissue marking inflammatory processes
of various etiologies.

Results

The floor of the maxillary sinus of the Chagyrskaya 57
individual exhibits porotic changes located at the fracture
line of the socket of M! (lost post-mortem) and in the
area of the vestibular roots of both preserved molars. The
lesions spread towards the central part and the deepest
point of the floor (Fig. 4). The minimum area affected by
osteoporosis is 1.12 cm?, which corresponds to score 1 of
the severity of CMS manifestations, but does not reach
the threshold of 1.5? ¢m necessary for the registration
of score 2. It can be suggested that the area affected by
osteoporosis could have been larger if the first molar had
been preserved, but the morphology of the observed bone
changes confirms a weak development of the disease.
Besides osteoporosis, the preserved part of the sinus
displays only isolated bone spicules (1.0 to 2.6 mm),
localized closer to the posterior wall and not forming
continuous structures.

Of all of the dental pathologies that could have been
potential sources of pathogens, only chronic periodontal
disease of moderate severity (grades 3—4 according to the
Ogden scale (2007)) was observed in Chagyrskaya 57.
The lesion suggesting the presence of periodontal
disease was resorbtion of the maxillary alveolar margin.
Another manifestation of the disease was widening of
the periodontal fissure between M? and M? (Fig. 5). The
distance between the mesio-lingual root of the second
molar and the wall of the alveolus is 0.45 mm, while the
same distance from the disto-lingual root is 0.28 mm.
The lesions are stronger pronounced in M3, where the



A.V. Zubova et al. / Archaeology, Ethnology and Anthropology of Eurasia 50/3 (2022) 131-139 135

Fig. 4. Pathological changes of the floor of the maxillary
sinus.

Fig. 5. Widening of the periodontal gap of the second
molar.

periodontal gap reaches 0.6 mm near the mesio-lingual
root, and 0.36 mm near the vestibular root.

None of the apical parts of all of the alveoli display
the loci of inflammatory destruction of bone tissue that
are typically observed during the growth of granulation
tissue or the formation of cystogranuloma. In addition,
subtle deposits of dental calculus were observed in
the vestibular walls of both molars in the area of the
maximum crown width.

Several channels connecting the sinus and molar
alveoli were detected in the CT images, despite the
absence of apical inflammations (Fig. 6). Two of the
channels were observed in the area of the mesio-vestibular
root of M?: one was rounded, 0.6 mm in diameter; the
second was 0.2 mm in width and 0.4 mm in length. One
more channel (0.3 mm in diameter) was found in the

socket of the disto-vestibular root. Very small penetrating
openings were also detected in the floor of the socket of
the lingual root of the third molar. The emergence of these
channels is related to the anatomy of the maxillary sinus
of the Chagyrskaya 57 individual. Despite the small size
of the fragment from Chagyrskaya, it was possible to
observe enlargement of the alveolar recess, accompanied
by an alveolar pocket. The deepest point of the floor of the
sinus is lower than the apexes of the molar roots (Fig. 7);
thus, their sockets are separated from the sinus only by a
narrow layer of compact tissue pierced by small nutrient
foramina. The thickness of this layer at the points where
the roots approach the cavity of the sinus varies from 0.1
to 0.3 mm. As the periodontal gap was widening, some
of the foramina merged forming oro-antral channels
through which the infection spread from the oral cavity
to the sinus.

Fig. 6. Oro-antral channels in the alveoli of the upper
permanent molars.

Fig. 7. Position of the floor of the maxillary sinus with
respect to the apexes of the roots of the upper molars.
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Discussion and conclusions

The bone lesions observed in the studied specimen point
toward CMS of odontogenic etiology of an initial to
middle stage of severity. Chronic periodontal disease,
accompanied by the presence of an alveolar pocket of
the maxillary sinus, was the likely cause of developing
of CMS. This is the second published case of this
pathology in Neanderthals. The first one was detected
in the Neanderthal 1 individual (Schultz, 2006), where
signs of inflammation accompanied by the formation of
tumor-like objects in the zygomatic cavity were observed
(Schultz, Schmidt-Schultz, 2015: 976-977). When the
latter study was published, the prevalence of CMS was
typically explained by anthropogenic air pollution and
adverse social conditions; in particular, living in a cave
implying constant inhalation of smoke from a fire was
suggested as the main cause of the disease (Ibid.). But
as has been demonstrated recently, the influence of the
factors mentioned above on the prevalence of CMS
cannot be confirmed statistically for archaeological
samples (Zubova et al., 2022). Thus, the link between
the maxillary sinus pathology of Neanderthal 1 and
the low air quality in the cave is not as clear. The state
of preservation of that specimen does not permit an
assessment of the possible influence of odontogenic
infection on the development of CMS.

Our analysis of the Chagyrskaya 57 specimen has
shown that the pathology of the sinus had, most likely, an
odontogenic origin. Two groups of factors were crucial for
the emergence of the disease. The first is the anatomical
features of the maxillary sinuses, namely the excessive
development of the alveolar recess. Such morphology is
considered one of the main factors predisposing to the
development of odontogenic sinusitis in modern humans
(Glazyev, Piskunov, 2017: 38); though, according to
clinical data, it is observed only in 17 % of patients
(Emelyanova, 2017: 16). The second group of factors
includes the causes of chronic periodontal disease.
These are mainly genetic predisposition, the presence
of concomitant medical diseases, and poor oral hygiene
causing the accumulation of pathogens that destroy
connective tissue and cause bone loss (Clarke, Carey,
1985; Jenkins, Kinane, 1989).

At present, we are not able to carry out an analysis
that would determine the statistical significance of
the factors listed above across the whole Neanderthal
species: the two published cases are clearly insufficient
for this purpose. However, the literature on the subject
suggests that an anatomical predisposition to CMS
could be one of the features of the pathological status
of Homo neanderthalensis. There is a consensus
that a large size of the maxillary sinuses is typical of
Neanderthals (Tattersall, 2002: 55; Buck et al., 2019:
Pl. S3). The number of publications of photo images

of CT reconstructions of Neanderthal’s maxillary
sinuses is as low as 6—7 specimens, even in the studies
specifically aimed at describing the morphology of this
structure (see, e.g., (Zollikofer et al., 2008; Buck et al.,
2019)). But in all the cases when the quality of an image
permits a thorough assessment, a deep intrusion of the
alveolar recess into the alveolar process of the maxilla,
similar to that in Chagyrskaya 57, can be observed.
This is true for Guattari 1 (Buck et al., 2019: Fig. 8),
La Chapelle-aux-Saints, La Ferrassie 1 (Ibid.: Pl. S3),
Forbes’ Quarry 1 (Rae, Koppe, Stringer, 2011: Fig. 1;
Zollikofer et al., 2008), Spy 1 (Schwartz, Tattersall,
1996: Fig. 2), Artenac 1 (Mann et al., 2007: Fig. 1b).
Thus, it can be reasonably suggested that at least these
individuals were susceptible to the development of
CMS. Such a predisposition is most clearly pronounced
in the individual from Artenac 1, displaying, according
to the published image, porotic changes and numerous
vascular impressions in the floor of the maxillary sinus
(Ibid.). At the moment, we will refrain from detecting
the presence of CMS in that specimen, but it can be
assumed that further research will confirm the diagnosis.
The abundance of dental pathologies in Neanderthals
(Spikins et al., 2019; Sergi, Ascenzi, Bonucci, 1972;
Condemi et al., 2012; Topi¢, Ras¢i¢-Konjhodzié¢, Sajko,
2012; Lozano et al., 2013; Lopez-Valverde et al., 2012;
Dean et al., 2013) provides additional arguments, and
further increases the likelihood of high prevalence of
odontogenic CMS in that species.

Owing to the absence of necessary data, it is difficult
to say at present how important was the biological
stress associated with CMS for the adaptive strategies
of Neanderthals. The two available cases had entirely
different consequences for the affected individuals,
and thus, exerted different adaptive pressures on the
populations. The lingering inflammation of the maxillary
sinus in the Neanderthal 1 specimen, which was probably
recurrent and accompanied by suppuration, is thought be
an indirect cause of the death of the individual owing to
the suppression of his immune system (Schultz, Schmidt-
Schultz, 2015: 977). But there is no reason to suggest a
marked decrease in the viability of the Chagyrskaya 57
individual, since CMS in this case was significantly
weaker and likely proceeded with minimal manifestations,
or asymptomatically.

An additional complication of discussing this issue
is the absence of an objective possibility of identifying
evidence of special care for individuals with chronic
diseases, including CMS, in the Middle Paleolithic
populations. Many cases of severe injuries and diseases
were described in Neanderthals. Healing of such morbid
conditions implied, theoretically, a serious contribution
of fellow tribesmen to the care of the sick. There is
evidence of possible medicinal use of some inedible
plants containing anti-inflammatory and pain-relieving
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substances (Hardy et al., 2012). Also, the presence of
natural antibiotics from mold fungi that develop on plant
debris was detected in the dental calculus of Neanderthals
(Weyrich et al., 2017). However, it is still practically
impossible to determine how much the special care helped
the recovery of the patient in each specific case, and how
much healing was due to the individual’s strength of body
and its immunity. The presence of traces of medicinal
plants in the dental calculus of some individuals also
cannot be directly linked with their specific diseases. The
plants might have been used accidentally or for religious
or magical purposes, while their healing properties
remained unknown to the Neanderthals.

Summing up, on the basis of our analysis of the
Chagyrskaya 57 specimen and published data it is possible
to hypothesize that Neanderthals were anatomically
predisposed to the development of odontogenic chronic
CMS. Such a predisposition could have been related to
the higher, as compared to modern humans, prevalence of
enlargement of the alveolar recess of the maxillary sinus.
The assessment of the influence of CMS on the level of
biological stress in the Neanderthal populations awaits
further research relying on a more representative sample.
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