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Abstract

Articular depression is a type of bone modification often found in extant animals recovered from archeological sites, but not
yet formally described in fossil remains. Here, these depressions are formally described for the first time in extinct animals.
The depressions were identified through macroscopically analyses performed in eight bones assigned to at least three
Quaternary mammals (Eremotherium laurillardi, Ocnotherium giganteum and Toxodon sp.). It was possible to recognize
Type 1, Type 3 and Type 4 depressions; Type 2 and Type 5 depressions were not identified in this sample. The etiology of
articular depression is still unclear, but it seems to be related to osteochondrosis.
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Resumo

Depressao articular € um tipo de modificacdo 6ssea frequentemente encontrada em animais atuais recuperados de sitios
arqueoldgicos, mas ainda ndo formalmente descrita em fésseis de animais. Aqui, essas depressbes séo formalmente
descritas pela primeira vez em animais extintos. As depressdes foram identificadas através de analises macroscdpicas
realizadas em oito 0ssos atribuidos a pelo menos trés mamiferos do Quaternario (Eremotherium laurillardi, Ocnotherium
giganteum e Toxodon sp.). Foi possivel reconhecer depressdes classificadas como Tipo 1, Tipo 3 e Tipo 4; as depressdes
do Tipo 2 e Tipo 5 néo foram identificadas nesta amostra. A etiologia da depresséo articular ainda n&o é clara, mas parece
estar relacionada a osteocondrose.

Palavras-chave: Doengas, Megafauna, Paleopatologia, Quaternério.

INTRODUCTION

Paleopathology is the science that deals with the record of diseases in ancient humans and non-humans
remains (RUFFER, 1913). Recently, paleopathological studies have received great attention, especially due to
their usefulness in paleoecological investigations (e.g., BISHOP et al., 2015; TOMASSINI et al., 2020). Many
types of diseases have been documented in the fossil record of Tetrapoda, with special attention, but not limited,
to Dinosauria and the “Quaternary Megafauna”. Infections, traumas, inflammatory and non-inflammatory joint
diseases are among the pathological conditions more often recognized by paleopathologists worldwide (e.g.,
BROWN et al., 2017; SURMIK et al., 2018; BARBOSA et al., 2019; ROTHSCHILD; HAEUSLER, 2021). Despite
this great documentation of paleopathologies, the area is far from exhausted, with the paleopathological record
of several taxa still unknown. Moreover, the possibility of diseases not yet diagnosed, or ante-mortem bone
alterations not properly explored cannot be disregarded. Additionally, biomechanical, paleoecological and
paleoenvironmental inferences related to recognized paleopathologies are promising fields to be explored.

Amongst the conditions that have received little attention in the paleontological context is the articular
depression, a type of bone defect particularly identified in joint surfaces of archeological and modern bovine
phalanges (BAKER; BROTHWELL, 1980; THOMAS; JOHANNSEN, 2011). Originally, Braker and Bothwell (1980)
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defined three types of articular depressions, named Type 1, Type 2 and Type 3. Later on, Thomas and Johannsen
(2011) studying a large sample of archeological and modern populations of domestic cattle of North Europe
recognized the Type 4 articular depression. Lastly, Telldahl (2012) defined the articular depression Type 5. These
bone modifications are commonly found in fossils of Quaternary mammals from different paleontological sites in
Brazil (author's experience), however, their occurrence has not been formally described and published so far.

The aim of this paper is to document the presence of articular depressions in the fossil record for the first
time.

MATERIAL AND METHODS

The specimens analyzed include eight bones assigned to at least three different taxa of Quaternary
mammals: the giant ground sloths Eremotherium laurillardi and Ocnotherium giganteum and the rhino-like South
American native ungulate Toxodon sp., while one of the specimens was identified solely as Folivora (Table 1). It
is possible to determine that all specimens belong to adult individuals, since the growth plates are close to each
other.

Table 1. List of material analyzed.

Catalog number Taxon Bone Type of depression
MCC 1523-V Toxodon sp. scaphoid type 3
MCC 1524-V Eremotherium laurillardi scaphoid type 1+4
MCC 1525-V Eremotherium laurillardi cuneiform type 4
MCC 1526-V Folivora Incertae sedis medial phalange type 4
MCC 1569-V Eremotherium laurillardi  proximal phalange type 1
MCC 1574-V Ocnotherium giganteum medial phalange type 1
MCC 1575-V Ocnotherium giganteum medial phalange type 1
MCC 1597-V Toxodon sp. tibia type 4

The specimens were recovered from a natural tank deposit — a natural depression formed by physico-
chemical weathering in fractures on basement rock outcrops that were filled by clasts and bioclasts through
hydraulic and aeolian agents during the Late Pleistocene/Early Holocene (OLIVEIRA; HACKSPACHER, 1989;
OLIVEIRA et al., 1989) — located at Acauad Farm, Ruy Barbosa municipality, Rio Grande do Norte State, Brazil
(SANTOS, 2001; Figure 1). All material is housed at the Paleontological Collection Onofre Lopes of the Museu
Camara Cascudo of Universidade Federal do Rio Grande do Norte (MCC/UFRN), Natal city, Rio Grande do Norte
State, Brazil.

Each specimen was examined macroscopically in order to identify articular depressions based on the
criteria proposed by Braker and Brothwell (1980), Thomas and Johannsen (2011) and Telldhal (2012).
Taphonomic alterations were discarded as the cause of bone modifications according to recommendations of
Ortner (2003), Waldron (2009) and Barbosa et al., (2020).

The criteria used for diagnosis of each type of articular depression were: (i) Type 1, a shallow oval mark
antero-posteriorly oriented, which can occur on the proximal or distal articular surface of all phalanges; (i) Type
2, a narrow slit of variable length between the articular facet, often found on the lower extremity of the second
phalange; (iii) Type 3, a narrow slit of variable length running across the articular facets in a line slightly oblique
to the mediolateral axis (BRAKER; BROTHWELL, 1980; see figures 3-5); (iv) Type 4, a circular pinprick
depression observed on the articular surfaces of first, second and third phalanges (THOMAS; JOHANNSEN,
2011; see figure 5); and (v) Type 5, an irregular or linear depression often recognized in medio-lateral direction
in proximal metatarsal (TELLDHAL, 2012; see figure 2E).
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Figure 1. Location map and panoramic view of the fossiliferous tank deposit. Abbreviations: CE, Ceara State; PB, Paraiba
State; PE, Pernambuco State; and RN, Rio Grande do Norte State.
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RESULTS AND DISCUSSION

The examination of the articular surfaces of the referred material shows a set of different types of articular
depressions, classified according to the system previously explained, as follows (see Table 1): four specimens
(MCC 1524-V, MCC 1569-V, MCC 1574-V and MCC 1575-V) present Type 1 depression, one specimen (MCC
1523-V) presents Type 3 depression and four specimens (MCC 1524, MCC 1525-V, MCC 1526 and MCC 1597)
present Type 4 depression. One single bone (MCC 1524-V) has both Type 1 and Type 4 depressions. Type 2
and Type 5 depressions were not identified in this sample.

In the scaphoid of Eremotherium laurillardi (MCC 1524-V/) there are two types of articular depression, Type
1 and Type 4. The Type 1 is located at the articular surface to lunar, while the Type 4 is present on the articular
surface to metacarpal-carpal complex (Figure 2a.). In the proximal phalange of E. laurillardi (MCC 1569-V) the
articular depression Type 1 was identified at the distal articular surface (Figure 2b). In the medial phalanges of
Ocnotherium giganteum (MCC 1574-V and MCC 1575-V), the articular depressions Type 1 are located at the
proximal articular surfaces (Figure 2c-d). The articular depression Type 3 in the scaphoid of Toxodon sp. (MCC
1523-V) is located at the trapezium facet (Figure 2e). In the medial phalange MCC 1526-V, the articular
depression Type 4 is located at the proximal articular surface (Figure 2f), while in the cuneiform of E. laurillardi
(MCC 1525-V) and in the tibia of Toxodon sp. (MCC 1597-V) this same alteration is located at the articular surface
to unciform and distal articular surface, respectively (Figure 2g-h).
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Figure 2. Articular depressions in the bones. (a) scaphoid of Eremotherium laurillardi (MCC 1524-V); (b) proximal phalange
of E. laurillardi (MCC 1569-V); (c) medial phalange of Ocnotherium giganteum (MCC 1574-V); (d) medial phalange of O.
giganteum (MCC 1575-V); (e) scaphoid of Toxodon sp. (MCC 1523-V); (f) medial phalange of Folivora Incertae sedis (MCC
1526-V); (g) cuneiform of E. laurillardi (MCC 1525-V); and (h) fragment of tibia of Toxodon sp. (MCC 1597-V). White
arrowheads indicate Type 1 depression.

2cm

All types of depressions are easily distinguished from taphonomic features as ante-mortem bone
modifications have smooth or rounded edges, while post-mortem changes exhibit sharp, irregular, and jagged
edges (ORTNER, 2003; WALDRON, 2009). It is noteworthy that no other type of pathological condition was
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present in the specimens studied here. There are some types of arthritic diseases (e.g., spondyloarthropathy,
calcium pyrophosphate deposition disease, gout, rheumatoid arthritis) that can produce destructive joint
alterations. However, in all these cases, the erosive alterations are more extensive than those point defects
observed here (see ROTHSCHILD; MARTIN, 2006 for more details).

Articular depression has predominantly been recognized in archeological and modern domestic cattle Bos
taurus (BAKER; BROTHWELL, 1980; THOMAS; JOHANNSEN, 2011; RASSADNIKOV, 2012; TELLDAHL,
2012). However, it has also been diagnosed in other animals retrieved from archeological sites such as the
domestic sheep Ovis aries, the red deer Cervus elaphus, a camelid from Ecuador, the reindeer Rangifer tarandus,
the European rabbit Oryctolagus cuniculus and a domesticated Iron Age horse not further identified (BAKER;
BROTHWELL, 1980; BEIJERSBERGEN, 2016; BULATOVIC et al., 2014; LLOVERAS et al., 2021). Regarding
extinct animals, a single articular depression was identified in the large wild cattle Bos primigenius, but this record
is a non-illustrated personal observation (THOMAS; JOHANNSEN, 2011). Joint changes described in ichthyosaur
bones may be a possible source of confusion (PARDO-PEREZ et al., 2016). Such bone changes are
morphologically described as depressions on the joint surface associated with avascular necrosis and not as a
class of lesion called articular depression. Therefore, the report presented here seems to be the first formal
documentation of articular depression in extinct animals, including at least three different taxa, Eremotherium
laurillardi, Ocnotherium giganteum, and Toxodon sp.

The etiology of articular depressions is still unclear, but all types seem to have a common origin. Thomas
and Johannsen (2011) ruled out bone infection/inflammation, primary trauma, neoplasia, degenerative bone
diseases, as well as a link between age and Type 1 depression as possible etiologies. These authors have
proposed that osteochondrosis —a common developmental joint disease with multifactorial origin including trauma
or biomechanical factors on cartilage (THOMPSON, 2007) — is most likely the cause for these bone modifications.
Nevertheless, the authors have been cautious with the diagnosis of osteochondrosis and do not completely rule
out the possibility that the depressions are a result of a benign condition (i.e., non-pathological alteration) rather
than a true pathological process.

Although this report is an interesting documentation, it only represents the first step towards understanding
articular depressions. In my own experience diagnosing bone diseases in the “Quaternary Megafauna” of Brazil,
these depressions are very common in different species, especially in ground sloths (unpublished data).
Therefore, it is essential to carry out more robust analyses on the subject with regards to frequency, distribution,
and relationship with age, body size and other injuries among the different extinct taxa.

GENERAL CONSIDERATIONS

The eight bones of Quaternary mammals investigated herein revealed the presence of articular
depressions in at least three extinct taxa (Eremotherium laurillardi, Ocnotherium giganteum and Toxodon sp.) for
the first time. Up to now, articular depressions have been identified solely in archeological and modern animals.
This intriguing ante-mortem condition has an unclear etiology, but it seems to be associated to osteochondrosis,
a multifactorial developmental joint disease.
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