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Fig.3. Radiograph in the ventrodorsal projection of the pelvic re-
gion in a specimen of giant anteater. The thoracic (T15), lum-
bar (L1 and L2), sacral (S1-S5) and coccygeal vertebrae (Cc1)
are identified. The last thoracic vertebra (T15) was identified
by visible ribs (thin arrows). Joints (arrows) of the first sacral
vertebra (S1) with the ilium. Joints (arrowheads) of the first
coccygeal vertebra (Ccl) with the ischium. Radiograph data:
100mA, 32 Kv, 0.200s and 20mAs.

lumbar plexus involved the last thoracic spinal nerve (T15
or T16) in 75.0% of specimens, whereas the sacral plexus
involved the last lumbar spinal nerve (L2 or L3) in 75.0%,
the last two nerves (L2 and L3) in 16.6% and involved no
lumbar contribution in 8.3% of specimens. It was also ob-
served that the spinal nerve that emerges from the caudal
intervertebral foramen of the vertebrae with floating ribs
(bilateral or unilateral) was similar in origin and inner-
vation distribution to the first lumbar vertebra from the
specimens that did not have floating ribs. In other words,
this nerve completely participates in the lumbar plexus
and does not contribute to the innervation of the abdo-
minal wall. The spinal nerve cranial to this nerve (last
thoracic nerve) bifurcates; the cranial segment descends
parallel to the last rib, joining with the caudal segment of
the penultimate intercostal nerve, known as the costoab-
dominal nerve, whereas the caudal segment descends to
the lumbar segments to integrate with the nerves of lum-
bar plexus.
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Fig.4. Radiograph in laterolateral projection of the pelvic region in
a specimen of giant anteater. Thoracic (T13-T15), lumbar (L1-
L3), sacral (S1-S4) and coccygeal vertebrae (Ccl and Cc2) are
identified. The fusion lines (arrows) on the sacral vertebrae
delimit the lumbar vertebrae cranially and the coccygeal ver-
tebrae caudally. Radiograph data: 100mA, 32 kV, 0.200s and
20mAs.

Fig.5. Ventrodorsal view of the pelvic region in a skeleton of a
giant anteater. The thoracic (T15 and T16), lumbar (L1 and
L2), sacral (S1-S5) and coccygeal vertebrae (Cc1) are identi-
fied. Joint (arrow) of the ischium with the transverse process
of the first coccygeal vertebra (Cc1), which is fused to the last
sacral vertebra (S5). Ischium (thin arrows), pubis (asterisks)
and ribs (Co16 and Co15).
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Thus, these vertebrae with floating ribs (unilateral or
bilateral) were described as lumbar vertebrae (L1), a des-
cription that is explained by the reduced morphological de-
velopment of the ribs and/or the unilateral absence of a rib
that is associated with the morphology of the correspon-
ding spinal nerve, a process known as the lumbarization of
the last thoracic vertebra. Thus, these ribs present in a lum-
barized thoracic vertebra would be denoted as lumbar ribs.

Thus, the anatomic findings were as follows: 15 thoracic
vertebrae in 66.6% (n=8) and 16 in 33.3% (n=4) of speci-
mens, for a median of 15.33 + 0.39 thoracic vertebrae; 2
lumbar vertebrae in 58.3% (n=7) and 3 in 41.6% (n=5) of
specimens, for a median of 2.42 + 0,51 lumbar vertebrae;
and 4 sacral vertebrae in 8.3% (n=1) and 5in 91.6% (n=11)
of specimens, for a median of 4.92+0.29 sacral vertebrae.
The numbers of ribs counted with this method were 16 in
33.3% (n=4) and 15 in 66.7% (n=8) of specimens, with a
median of 15.33+0.49 ribs.

In individuals without floating ribs (75.0%), the follo-
wing numbers of vertebrae were recorded both radiogra-
phically and anatomically: 15 (55.5%) and 16 (44.4%)
ribs; two (77.7%) and three (22.2%) lumbar vertebrae;
15 (55.5%) and 16 (44.4%) thoracic vertebrae; and four
(11.1%) and five (88.8%) sacral vertebrae.

The relationship between the number of thoracic and
lumbar vertebrae varied according to the procedure per-
formed. Using radiographic observation, 16Tx2L (n=7),
15Tx2L (n=3), and 15Tx3L (n=2) vertebrae were verified.
In contrast, anatomical dissection revealed 16Tx2L (n=4),
15Tx2L (n=3), and 15Tx3L (n=5) vertebrae. The differen-
ces between the radiographic and anatomic findings for the
number of thoracic and lumbar vertebrae are presented in
Table 1.

DISCUSSION

The constitution of the spinal nerve is correlated with its
origin in the medullar segment and its posterior course
through the corresponding intervertebral foramen. Thus,
previous knowledge regarding the number of vertebrae is
needed to determine this origin. According to Flower and
other authors (Flower 1985, Sanchez-Villagra & Narita
2007, Endo et al. 2009, Cruz et al. 2014), the numbers of

thoracic, lumbar and sacral vertebrae are variable in the
giant anteater; however, these authors did not report the
presence of bilateral or unilateral floating ribs.

Flower (1985) and Cruz et al. (2014) report Myrmeco-
phaga tridactyla with 16 thoracic vertebrae have two lum-
bar vertebrae and that specimens with 15 thoracic verte-
brae have three lumbar vertebrae, which was confirmed by
the results of this study, which noted these findings in most
specimens (75.0%). Fifteen thoracic vertebrae and two
lumbar vertebrae were found in three animals (25.0%).
It was observed that there was a proportional increase in
the number of specimens with 15 thoracic and two lum-
bar vertebrae in this study when using a greater number of
specimens compared with the 16.6% reported by Cruz et
al. (2014). Regarding the sacral vertebrae, Flower (1985)
reported the presence of three or five; however, Cruz et al.
(2014) described four or five, which are the same numbers
observed in this work but in a larger number of specimens
(91.6%). Cardoso et al. (2013) reported the presence of
18 thoracic, three lumbar and five sacral vertebrae in the
collared anteater (Tamandua tetradactyla), which makes it
possible to identify differences between species of antea-
ters by the number of vertebrae, especially in this region.

Through radiographic examination, this study verified
that the vertebrae of the giant anteater along the spine
have the same basic characteristics of the vertebral bodies
described by Burk and Feeney!! for canine species and by
Dyce et al. (2010) for bovine and equine species and that
the presence of two transverse processes and two xenar-
thrans follows the pattern identified for all animals of the
Superorder Xenarthra, agreeing with Endo et al. (2009),
Nyakatura & Fischer (2012) and Cruzetal. (2013).

Another peculiarity of this Superorder involves the pre-
sence of one joint between the transverse process of the
first coccygeal vertebra, which is fused to the sacrum, and
the ischium (Fig.5), a parameter used to help in counting
the vertebrae of the vertebral column in Myrmecophaga tri-
dactyla. (Nyakatura & Fischer 2012).

The articulation between the first coccygeal vertebra
and the last sacral vertebra in the giant anteater was visu-
alized radiographically to be more caudal in the LL projec-
tion than in the dog. Because the vertebral body length is

Table 1. Number of ribs and vertebrae in twelve giant anteaters (Myrmecophaga tridactyla) and comparison
with the number of vertebrae in other mammals described in the literature

Animal Ribs Thoracic vertebrae Lumbar vertebrae Sacral vertebrae
RX GA RX GA RX GA RX GA

Myrmecophaga tridactyla 15.58+0.51 15.33+0.49 15.58+0.51 15.33%0.49 2.17+0.39 2.42+0.51 4.92+0.29 4.92+0.29

Cdes e gatos

(Sisson & Grossman 1986) - 13 13 - 7 - 3

Bovinos

(Sisson & Grossman 1986) - 13 13 - 6 - 5

Equinos

(Sisson & Grossman 1986) - 18 18 - 6 - 5

Tamandua tetradactyla

(Sesoko etal. 2011) - 16 16 - 3 - 5

Dasypus novencinctus

(Franzo etal. 2011) - 15 15 - 4 - 5

Medians and standard deviations (SD) of the numbers of ribs and vertebrae in the thoracic, lumbar and sacral columns using radiography

(RX) and gross anatomy (GA) evaluations in M. tridactyla.
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more elongated and the number of sacral vertebrae is lar-
ger, the articulation of the last sacral vertebrae (S4 or S5)
and the first coccygeal vertebra (Ccl) is located dorsal to
the ischial tuberosity of the giant anteater. In the dog, this
joint is located on the dorsal cranial portion of the rump,
i.e., in the middle region of the pelvis (Burk & Feeney 2003).

There are reports in the literature about the presence of
cervical ribs in other species of mammals, such as humans
(Silvestri et al. 2005) and dolphins (Fettuccia & Simdes
2004), and in reptiles, such as the teiidae lizards (Veronese
& Krause 1997) and Brazilosaurus sanpauloensis (Sedor &
Ferigolo 2001). These ribs receive this nomenclature be-
cause they are present in cervical vertebrae. In humans, the
presence of these ribs is one of the causes of thoracic outlet
syndrome (SDT) (Silvestri et al. 2005, Araujo et al. 2009).

Farrow (2005) describes the cranial lumbarization pro-
cess, which occurs when the last thoracic vertebra assumes
the characteristics of the first lumbar vertebra and may re-
sult in the loss of one or two ribs or present one or two hy-
poplastic ribs, which may explain the presence of floating
ribs in the animals of this study:.

However, in the radiographic studies that report this
phenomenon, the tendency exists to designate thoracic
vertebrae only by the presence of ribs, even if they are flo-
ating ribs, without considering other factors that may sup-
port the hypothesis that the innervation territories of spi-
nal nerves correspond to medular segments. In an attempt
to corroborate this hypothesis, and due to the changes ob-
served in the vertebral segments of this species, our results
are based on the examination of the relationship between
macroscopic bones and peripheral innervation and radio-
graphic analysis.

Cruz et al. (2014) described the lumbar and sacral ple-
xus, with an emphasis on the origin of the nerves that com-
pose Myrmecophaga tridactyla, and Cardoso et al. (2013)
did so for the Tamandua tetradactyla species; both studies
report the original source of the lumbar plexus as the last
thoracic segment. This formation was also reported in the
hedgehog (Aydin 2009) and may be associated with a redu-
ced number of lumbar vertebrae in these species, as repor-
ted by Cruz et al. (2014).

The anatomical analysis showed that the thoracic ner-
ves have multiple segments and that the spinal nerve that
emerges from the intervertebral foramen caudal to the ver-
tebra with floating ribs (bilateral or unilateral) is similar
in origin and innervation distribution to the first lumbar
vertebra of the specimens without floating ribs, in other
words, this nerve completely participates in lumbar plexus
formation and does not contribute to the innervation of the
abdominal wall. The spinal nerve cranial to this (last tho-
racic nerve) bifurcates, and the cranial segment descends
parallel to the last rib, joining with the caudal branch of the
penultimate intercostal nerve, known as the costoabdomi-
nal nerve, whereas the caudal segment joins the lumbar
segments to integrate with the lumbar plexus nerves, as
described by Cruz et al. (2014).

The above findings represent the cranial lumbarization
theory as described by Farrow (2005), where the last tho-
racic vertebra acquires the function of a lumbar vertebra
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and thus becomes part of the lumbar group, even if it has
unilateral or bilateral floating ribs (hemi-ribs) that will be
designated as lumbar ribs. This concept must be dissemi-
nated in radiology because traditionally, the presence of
ribs, even floating ribs, is a determining factor in the cha-
racterization of thoracic vertebrae.

Following the definition of Bateson (1984), changes
in vertebral counts are homeotic when one of the com-
ponents of the axial skeleton assumes the morphological
appearance and function of the structure immediately be-
fore or after it.

This work addresses the need for studies on specimens
with floating ribs in the elucidation of cranial lumbariza-
tion to support radiographic examinations, which normally
do not recognize this process.

This study showed the clinical and surgical importance
of the knowledge of the anatomy of various species, parti-
cularly Myrmecophaga tridactyla, which is a species at risk
of extinction that is frequently found in the care of emer-
gency services in veterinary medicine.

CONCLUSIONS

The study of the vertebral column of Myrmecophaga tri-
dactyla enabled the definition of land marks to enable the
precise counting of vertebrae and ribs.

It was possible to show that members of this species
possess variations in the number of thoracic, lumbar and
sacral vertebrae.

This study clarified the occurrence of lumbarization in
the last thoracic vertebra in specimens with bilateral or
unilateral floating ribs.

The last thoracic vertebra that articulates with the flo-
ating ribs should be considered a lumbar vertebra due to
the presence of lumbar innervation, and the ribs should be
denoted as lumbar ribs.

REFERENCES

Aratjo L.EL. Moreschi A.H., Macedo G.B., Moschetti L., Machado E.L. &
Saueressig M.G. 2009. Fistula linfatica apds tratamento cirtrgico de sin-
drome do desfiladeiro toracico a direita. ]. Bras. Pneumol. 35:388-391.

Aydin A. 2009. The dissemination of the pelvic limb nerves originating
from the lumbosacral plexus in the porcupine (Hystrix cristata). Veteri-
narni Medicina 54:333-339.

Bateson W. 1984. Materials for the study of variation treated with espe-
cial regard to discontinuity in the origin of species. MacMillan and Co,
London.

Burk R.L. & Feeney D.A. 2003. Small Animal Radiology and Ultrassonogra-
phy: a diagnostic atlas and text. 3rd ed. W.B. Saunders, Missouri.

Cardoso J.R., Souza PR., Cruz V.S, Benetti E.J., Silva M.S.B., Moreira P.C., Car-
doso A.A.L., Martins A.K,, Abreu T, Simdes K. & Guimaries F.R. 2013. Es-
tudo anatdémico do plexo lombossacral de Tamandua tetradactyla. Arq.
Bras. Med. Vet. Zootec. 65:1720-1728.

Cruz V.S, Cardoso J.R., Aratijo L.B.M,, Souza P.R. & Araujo E.G. 2013. Aspec-
tos anatdmicos dos nervos da coxa de tamandua-bandeira (Myrmeco-
phaga tridactyla Linnaeus, 1758). Biosci. J. 29:1275-1283.

Cruz V.S, Cardoso J.R., Araujo L.B.M,, Souza P.R., Borges N.C. & Aratjo E.G.
2014. Aspectos anatémicos do plexo lombossacral de Myrmecophaga
tridactyla (Linnaeus, 1758). Biosci. ]. 30:235-244.

Dyce K.M., Sack W.0. & Wensing C.J.G. 2010. Tratado de Anatomia Veteri-
néria. 4th ed. Elsevier, Rio de Janeiro.

Endo H., Komiya T, Kawada S., Hayashida A., Kimura J., Itou T,, Koie H. &



Morphological evaluation of the thoracic, lumbar and sacral column of the giant anteater (Myrmecophaga tridactyla Linnaeus, 1758) 407

Sakai T. 2009. Three-dimensional reconstruction of the xenarthrous
process of the thoracic and lumbar vertebrae in the giant anteater. Mam-
mal. Study 34:1-6.

Farrow C.S. 2005. Veterinary Diagnostic Imaging: the dog and cat. Elsevier,
New York.

Fettuccia D.C. & Simdes-Lopes P.C. 2004. Morfologia da coluna vertebral
do boto-cinza, Sotalia guianensis (Cetacea, Delphinidae). Biotemas
17:125-148.

Flower W.H. 1885. An Introduction to the Osteology of the Mammalian.
3rd ed. MacMillan and Co, London.

Franzo V.S., Vulcani V.A., Artoni S.M.B., Gradela A. & Barreiro F.R. 2011. Es-
tudo da formula vertebral do tatu-galinha. Revta Cient. Eletr. Med. Vet.
17:1-7.

Nyakatura J.A. & Fischer M. 2012. Functional morphology and three-di-
mensional kinematics of thoraco-lumbar region of the spine of the two-
-toed sloth. J. Exp. Biol. 213:4278-4290.

International Committee on Veterinary Gross Anatomical Nomenclature
2012. Nomina Anatomica Veterinaria. 5th ed. World Association on Ve-
terinary Anatomist, Knoxville. 177p.

Rodrigues H. 2010. Técnicas Anatdmicas. 42 ed. GM Gréfica e Editora, Vi-
toria.

Sanchez-Villagra M.R,, Narita Y. & Kuratani S. 2007. Thoracolumbar Ver-
tebral Number: first skeletal synapomorphy for Afroterian mammals.
Systemat. Biodiversity 5:1-7.

Sedor FA. & Ferigolo ]. 2001. A coluna vertebral de Brazilosaurus sanpau-
loensis (Shikama & Ozaki, 1966) da formacdo Irati, Permiano da Bacia
do Parana (Brasil) (Proganosauria, Mesosauridae). Acta Biologica Para-
naense 30:151-173.

Sesoko N.F, Bortolini Z., Merlini N.B., Evngelista F.C., Rahal S.C., Machado
V.M.V. & Teixeira C.R. 2011. Coluna vertebral de Tamandua-mirim Ta-
mandua tetradactyla. Med. Vet. 5:1-3.

Silvestri K., Wagner F. & Dal Moro A.N. 2005. Tratamento cirtrgico da sin-
drome do desfiladeiro toracico por via supraclavicular: estudo série de
casos. Args Catarin. Med. 34:92-96.

Sisson S. & Grossman J.D. 1986. Anatomia dos Animais Domésticos. 52 ed.
Guanabara Koogan, Rio de Janeiro.

Thrall D.E. 2011. Textbook of Veterinary Diagnostic Radiology. 6th ed. El-
sevier, St Louis.

Veronese L.B. & Krause L. 1997. Esqueleto pré-sacral e sacral dos lagartos
teiideos (Squamata, teiidae). Revta Bras. Zool. 14:15-34.

Vizcaino S.F. & Loughry W.J. 2008. The Biology of the Xenarthra. University
Press of Florida, Gainesville.

Pesq. Vet. Bras. 37(4):401-407, abril 2017



