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The giant anteater has specific anatomical adaptations resulting from its ant and termite
feeding habits. The unique arrangement of its hyoid apparatus is essential for the ingestion
of food. However, its description in the literature is based on fragments and fossils, mak-
ing it difficult to determine existing anatomical details in live animals. Imaging techniques,
which enable the topographical anatomy of animals to be examined noninvasively, provide
essential information for the diagnosis and prognosis of diseases. The aim of this study
is to describe the bone contours in the hyoid apparatus of the giant anteater by means
of radiographic and tomographic images. Giant anteaters of varying ages from the Wild
Animal Screening Center (CETAS-GO) were used, seven for X-ray exams and two adults for
CT exams. The hyoid elements in all the animals were evaluated using the two imaging
techniques, and were visualized in the cervical region of C2 to C6, which comprises three
paired bones (stylohyoid, epihyoid, ceratohyoid) and one unpaired bone (basihyoid). The
presence of air in the oropharynx enabled the assessment of soft tissue structures in this
region, such as the epiglottis and the soft palate. CT axial sections are of limited usefulness
for evaluating the hyoid bones, but enable assessments of the basihyoid bone and its char-
acteristic V-shape. Thus, to analyze the hyoid region in anteaters based on radiographic and
tomographic images, one must keep in mind that the stylohyoid, epihyoid and ceratohyoid
bones are situated ventrally to the C2 to C5 vertebrae and that the basihyoid at the level of
C5-C6 demarcates the transition between the nasopharynx and the trachea. The nasophar-
ynx and oropharynx extend from C1 to C5, and the trachea begins at the level of C6.

INDEX TERMS: Cervical region, hyoid apparatus, giant anteater, Myrmecophaga tridactyla, orophar-
ynx, radiology, topographical anatomy, trachea, V-shaped bone, xenarthra.
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RESUMO.- [Descricio anatémica da regido cervical
e aparato hioide em espécimes vivos de tamandua-
-bandeira, Mymercophaga tridactyla Linnaeus, 1758.]
O Tamandua-Bandeira possui adapta¢des anatomicas es-
pecificas, devido aos habitos alimentares de ingestdo de
formigas e cupins. O arranjo singular do aparato hioide dos
tamanduas é fundamental para a ingestdo de alimentos.
Sua descricdo na literatura é baseada em pecas e fosseis, o
que dificulta a determinacdo de detalhes anatdmicos exis-
tentes em animais vivos. As técnicas de imagem permitem
a avaliacdo da anatomia topografica dos animais, de manei-
rando invasiva, e o conhecimento desta é fundamental para
o diagndstico e progndstico de afec¢des. O objetivo desse
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trabalho foi descrever o contorno 6sseo do aparato hioide
do tamandua-bandeira, por meio de imagens radiograficas
e tomograficas. Foram utilizados tamanduds-bandeiras
provenientes do Centro de Triagem de Animais Silvestres
(CETAS-GO), sendo sete, de variadas idades, para os exa-
mes radiograficos e dois adultos para os tomograficos. Os
elementos hioideos foram avaliados em todos os animais
por meio de ambas as técnicas de imagem, sendo visibili-
zados na regido cervical, de C2 até C6, composto por trés
elementos pares (estiloioide, epioide, ceratioide) e um ele-
mento impar (basitireoide). A presenca de ar na orofaringe
permitiu a avaliacdo das estruturas de tecidos moles desta
regido, como a epiglote e o palato mole. Os cortes tomo-
graficos axiais tém importancia limitada na avaliacdo dos
hioides, mas permitem a avaliacdo do basitireoide e de seu
formato caracteristico (V-bone). Desta forma, para avaliar
a regido hioidea por meio dos exames radiograficos e to-
mograficos em tamanduds-bandeira, deve-se considerar
que os ossos estiloioide, epioide e ceratioide localizam-se
ventral as vértebras C2 até C5 e o basitireoide, em C5-C6,
delimita a transicdo entre a nasofaringe e a traqueia. A oro-
faringe e a nasofaringe estendem-se de C1 a C5, e a traqueia
inicia-se a partir de Cé6.

TERMOS DE INDEXAGAO: Regido cervical, aparato hioide, taman-
dua-bandeira, Mymercophaga tridactyla, anatomia topografica,
orofaringe, radiologia, traqueia, “V-bone”, xenarthra.

INTRODUCTION

The giant anteater (Myrmecophaga tridactyla Linnaeus,
1758) is the largest representative of the family Myrmeco-
phagidae. Its feeding habits, which consist mainly of ants
and termites, have given this species specific anatomical
adaptations that set it apart from other mammals (Chia-
rello et al. 2008). The International Union for Conservation
of Nature (IUCN) classifies Myrmecophaga tridactyla as a
vulnerable species (IUCN 2014). The giant anteater belon-
gs to one of the 13 remaining genera of the superorder Xe-
narthra, a lineage that used to comprise more than 180 ge-
nera. Thus, its preservation is important not only from the
standpoint of today’s fauna but also from that of a historical
lineage in South America (Vizcaino & Bargo 2014).
Comparative studies have been made of the myology
and osteology of the feeding apparatus of the anteater Ta-
mandua mexicana and the giant anteater Myrmecophaga
tridactyla (Reiss 1997). In his description of giant anteaters,
Naples (1999) states that these animals have a feeding sys-
tem adapted to their peculiar cranial anatomy, with a long
slender tongue that can be projected to a distance greater
than the length of the skull to rapidly capture and transfer
food to its oral cavity, which is supported by a large, elonga-
ted hyoid apparatus. The functions of the hyoid apparatus
are to control the airways and to support and maintain the
position of the tongue during feeding; it also participates
indirectly in the production of sounds (Pérez et al. 2010).
Pérez et al. (2010) formulated hypotheses about the
bony elements of the hyoid apparatus in various fossil spe-
cies of the superorder Xenarthra, seeking answers about
the mechanism of tongue movement and the food intake
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pattern. With the aid of computed tomography, Endo et al.
(2007) studied the medial and lateral mandibular move-
ments in a giant anteater carcass, and identified the mus-
cles involved in these movements.

The aforementioned studies detailed the anatomy and
unique morphophysiology of the hyoid apparatus of frag-
ments and fossils, which limits the description of details
regarding adjacent soft tissues, which are perceptible only
in live animals. These findings were reported by Pérez et
al. (2010), who stated that an intact hyoid complex is ra-
rely found even in well-preserved fossils. However, Pérez
et al. (2000) were able to determine that one of the most
significant differences between xenarthrans and other
mammals in terms of the anatomy of the hyoid apparatus is
the unique shape of the basihyoid bone, which results from
the fusion of the basihyoid and thyrohyoid, forming a single
V-shaped bone.

The above information clearly points to the need for
other means to describe the anatomy of this bony com-
plex, which may be helpful in visualizing soft tissues and
other adjacent structures without jeopardizing the survi-
val of these animals, and without the limitations of studies
on fragments and fossils. In this regard, imaging studies
provide anatomical and functional information to aid the
diagnosis and prognosis of diseases (Galvao 2000, Scrivani
2002), and to obtain the best results in the interpretation of
imaging studies it is essential to have detailed knowledge
about the topographic anatomy of the regions of interest
(Antoniazzi et al. 2008).

This article thus proposes to describe the radiographic
and tomographic anatomy of the hyoid apparatus and adja-
cent structures of the anteater giant, as well as to determi-
ne the complementarity of the two imaging techniques in
describing the anatomical relationships between the struc-
tures visualized through these techniques.

MATERIALS AND METHODS

This study involved seven giant anteaters (Myrmecophaga tridac-
tyla) of both sexes, comprising three adults, two juveniles and two
pups. The animals were provided by the Wild Animal Screening
Center (CETAS) located in Goidnia, state of Goias, Brazil. The mis-
sion of this center, which belongs to the Brazilian Institute of Envi-
ronment and Renewable Natural Resources (IBAMA), is to rescue
wild fauna and, whenever possible, return them to nature.

The evaluations were performed at the Veterinary Hospital
(HV) of the School of Veterinary Medicine and Animal Science
(EVZ) of the Federal University of Goids (UFG), according to the
need for clinical and/or surgical treatment of this species. The
animals were then X-rayed in the Diagnostic Imaging Department
of the HV/EVZ/UFG, and when necessary, were subjected to CT
scanning at Scan Medicina Veterindria Diagnéstica, a clinic loca-
ted in the city of Brasilia, Federal District. The treatments were
authorized by the projects Clinical and Surgical Treatment of Wild
Animals and Diagnostic Imaging, registered under numbers EV-
83 and EV-68, respectively, in the Extension and Culture Informa-
tion System of the Office of the Vice Dean of Extension and Culture
(SIEC/PROEC) of UFG.

To reduce the stress caused by handling and transportation,
the animals were housed individually in wooden boxes. Upon arri-
val at the locations where the examinations would be performed,
they were anesthetized intramuscularly with 7mg/kg of ketamine
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(Ketamina Agener® 10%, Unido Quimica Farmacéutica Nacional
S/A, Brazil) and 0.2mg/kg of midazolam (Dormire® 0.5%, Crista-
lia Produtos Quimicos Farmacéuticos Ltda, Brazil). After the exa-
ms and other procedures, the animals were returned to CETAS.

The animals were X-rayed using a TUR® T-350 stationary X-
-ray system with a capacity rating of 600mA, equipped with a
Potter-Bucky grid. Kodak T-MAT X-ray films were used, which
were mounted on a 30cm x 40cm rigid chassis equipped with a
pair of image intensifiers. A film-focus distance of 90cm was used,
and the kilovoltage (kV) and milliamperage (mA) were calculated
according to the thickness, in centimeters, of the cervical region,
varying between 43-58kV and 4-10mAs. The radiographic films
were identified individually and processed in a Vision Line® LX-2
automatic processor (Lotus, Brazil).

The hyoid apparatus was observed using right-side latero-
lateral (LL) and ventrodorsal (VD) radiographic projections of
the cervical and cervical thoracic region. The radiographs were
analyzed according to the anatomical descriptions formulated by
Naples (1999), which were used to identify the four characteristic
hyoid elements of the giant anteater.

CT scanning was performed on two adults anteaters, using an
ELSCINT® SeleCT SP single channel helical CT scanner (Elscint
Ltd, Haifa, Israel). The animals were placed in a supine position
on the examination table, with the forelimbs oriented cranially
and the hind limbs caudally. CT scans were performed on the axial
plane with in 5mm thick scan slices, starting at the base of the
skull and extending to the first thoracic vertebra, without gaps.
Scanning was performed at 120kVp and 150mA. The images were
analyzed using OSIRIX software, with 3D reconstruction and a
window for 2D reconstruction of bone tissue.
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After the analysis of radiographic and tomographic images,
illustrations were prepared to better understand the topographi-
cal anatomy of the hyoid region. The images were prepared by
veterinary doctor and coauthor Larissa H.E. Riincos.

Descriptions of the exams were made based on anatomical stu-
dies of domestic mammals (Getty 1986, Dyce et al. 2010, Budras et
al. 2007) and of corpses of giant anteaters and other mammals of the
superorder Xenarthra (Reiss 1997, Naples 1999, Pérez et al. 2010).

RESULTS

All the hyoid elements were identified in the radiographs
in laterolateral projection (Fig.1A), which revealed over-
lapping of the paired elements. The longest of all the ele-
ments was the stylohyoid, which extended from C2 to C5.
Its cranial portion was free, without correlation to the bone
structures of the skull, and its caudal portion was articula-
ted with the epihyoid. The epihyoid was elongated in shape,
about half the size of the stylohyoid, and articulated cau-
dally with the ceratohyoid. The smallest of all the elements
was the ceratohyoid, with a triangular shape, and articula-
ted caudomedially with the basihyoid bone. The basihyoid
was the most characteristic of the hyoid elements, with a
ventral portion and two vertical caudocranially oriented
stems. The nasopharynx was long, extending ventrally to
the cervical vertebrae (C1 to C5). Its caudal edge was de-
fined by the basihyoid bone and laryngeal cartilage. The
laryngeal cartilage of the adult animals was mineralized,
facilitating its radiographic visualization.

Fig.1. (A) Radiographic laterolateral projection. (B)
Computed tomography 3D reconstruction, late-
ral view. (C) Schematic illustration, lateral view,
of the cervical region of an adult giant anteater.
Stylohyoid (1), epihyoid (2), basihyoid (3), and
ceratohyoid bones(4); Nasopharynx (N), Laryn-
geal cartilage (L), Styloid process (S), Humerus
(H), second cervical vertebra (C2).
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Similar to radiography in laterolateral projection, the
3D tomographic reconstruction in side view (Fig.1B) also
enabled the assessment of the hyoid elements, with overla-
pping of the paired elements. However, the other soft tissue
structures were not visible in the tomographic reconstruc-
tion and the laryngeal cartilage was visible in less detail
than in the radiographs.

To facilitate the description and identification of the
bone structures that make up the hyoid apparatus and its
relationship with the adjacent soft tissues, a schematic
illustration was produced (Fig.1C), associating the radio-
graphic and tomographic images.

In the radiograph in ventrodorsal projection (Fig.2A),
the stylohyoid and epihyoid bones were visualized as pai-
red elements, with the stylohyoids parallel to the spine and
the epihyoids overlapping the C4 and C5 vertebrae. The ce-
ratohyoids were not identified in this projection, and the
basihyoid was partially visible, overlapping the fifth cervi-
cal vertebra. In this projection, the basihyoid delimited the

Fig.2. (A) Radiographic ventrodorsal projection. (B) Computed tomography 3D reconstruction, ventrodorsal view. (C) Schematic illus-
tration, ventrodorsal view of the cervical region of an adult giant anteater. Stylohyoid (1), epihyoid (2), basihyoid (3), and cerato-
hyoid (4) bones; Nasopharynx (N), Trachea (T), second cervical vertebra (C2), Humeral process (H).

nasopharynx cranially, and was partially visible as a less
opaque area in the cranial vertebral bodies, and caudally to
the trachea, visualized as a tubular radiolucent area overla-
pping the cervical vertebrae C6 and C7.

The 3D tomographic reconstruction in ventrodorsal
view (Fig.2B) enabled not only an evaluation of the stylo-
hyoids and epihyoids but also identification of the cerato-
hyoids, located laterally to the basihyoid, without overlap-
ping the vertebral bodies. The basihyoid was also properly
identified. A schematic illustration (Fig.2C) was also produ-
ced to evaluate the structures that make up the ventrodor-
sal view, in order to better identify the relationship of the
hyoid bones.

In patients with aerophagia, the radiographic details
(Fig.3A) enabled an efficient evaluation due to the radio-
lucent, negative contrast of the oropharynx, soft palate and
epiglottis. The oropharynx was identified ventrally to the
nasopharynx, delimited dorsally by the soft palate and cau-
dally by the epiglottis. The comma-like shaped epiglottis

c2

c7

c6

Fig.3. (A) Detail of the caudal cervical region of a young giant anteater, radiographic laterolateral projection. (B) Schematic illustration of
this region. Oropharynx (0), Nasopharynx (N), Palate (P), Epiglottis (E), Laryngeal cartilage (L), Laryngopharynx (LP), Trachea (T);
Epihyoid (1), Stylohyoid (2), Basihyoid (3), Ceratohyoid bones (4); Cervical vertebrae (C4 to C7).
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Fig.4. CT axial sections of the cervical region of an adult giant anteater. (A) Articulation between the stylohyoid and epihyoid bones (arro-
ws), seen ventrally to the sixth cervical vertebra. (B) Basihyoid bone, with its characteristic V shape. Laryngeal cartilage (L); anterior
projection (a), basihyoid portion (b), thyrohyoid portion of basihyoid bone (t).

was visualized dorsally to the basihyoid. The trachea star-
ted caudally to the epiglottis and laryngeal cartilage, at the
height of the sixth cervical vertebra. All the structures des-
cribed in this region were highlighted in a schematic illus-
tration (Fig.3B).

The axial tomographic sections were not suitable for
evaluating the hyoid bones, because of the sagittal orien-
tation of these bones to the scan axis. However, they were
useful to identify and evaluate the articulations between
the hyoid elements (Fig.4A), and also enabled the identifi-
cation of the V-shape of the basihyoid bone and of anatomi-
cal details (Fig.4B).

DISCUSSION

In evaluating the hyoid apparatus of giant anteaters based
on radiographic and tomographic imaging, special atten-
tion should focus on the topographic localization of this
apparatus because it occupies the entire cervical region
and should therefore be examined from C1 to C6. This di-
ffers significantly from domestic animals, whose hyoid ele-
ments are situated ventrally from the base of the skull to
the first cervical vertebra, as described by Weissengruber
et al. (2002), Solano & Brawer (2004), Takada et al. (2009)
and Dyce et al. (2010). Big cats also differ from Xenarthra
species, since their hyoid elements are located at the level
of C3 to C5 (Weissengruber et al. 2002). This anatomical
feature of anteaters is important, because imaging studies
of the craniocervical region may result in a partial assess-
ment of the hyoid elements and adjacent soft tissues, thus
leading to misinterpretations.

According to Naples (1999), this elongation of the hyoid
apparatus is mainly due to the elongation of the stylohyoid
and epihyoid, causing the bones of the hyoid apparatus of
anteaters to present a caudoventral orientation relative to
the skull. This differentiates them from other mammals,
whose hyoid apparatus presents anterior orientation, and

even from other xenarthrans such as sloths, which have
anteroventral orientation (Naples 1986). This orientation,
which differs from that of most species, was found in ima-
ging studies performed on anteaters in this study, and is an
additional factor to be considered by clinicians, surgeons
and radiologists when evaluating the hyoid apparatus and
cervical region of the giant anteater.

Stylohyoid ligaments with the skull were not visible
in the radiographic or the tomographic images. However,
in giant anteaters, the stylohyoids attach to the occipital
protuberance through the stylo-occipital muscle (Naples
1999), unlike other species such as dogs, in which the hyoid
inserts in the mastoid process of the temporal bone throu-
gh its cartilaginous portion, the tympanohyoid, located in
the terminal portion of the stylohyoid (Budras et al. 2007).
The stylohyoids are attached through muscle structures,
which are not visible in radiological examinations but must
be considered in the case of alterations in this topography,
such as calcifications, masses and ruptures.

The oropharynx, soft palate and nasopharynx of the
giant anteater are also longer than those of other mam-
mals, and similar to Tamandua mexicana (Reiss 1997), ex-
tending to the transition between the fifth and sixth cervi-
cal vertebrae, where the laryngopharynx begins. This great
extension of the pharyngeal tube is also accompanied by
elongation of the pharyngeal wall muscles and the long
length of the hyoid apparatus (Naples 1999). These ana-
tomical features are necessary to contain the extremely
elongated tongue (Reiss 1997, Naples 1999). It is crucial to
understand these anatomical details in order to assess this
region in imaging studies, so that one can avoid, for instan-
ce, incorrectly identifying the nasopharynx as the cervical
portion of the trachea. The nasopharynx was identified in
the radiographic examination of the anteaters as a radio-
lucent tube occupying the entire cervical length, much like
the cervical trachea in domesticated mammal species.

Pesq. Vet. Bras. 37(11):1345-1351, novembro 2017
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Given the extensive topography of the pharyngeal ele-
ments, the beginning of the cervical trachea was identified
at the level of the sixth cervical vertebra immediately cau-
dal to the basihyoid. In this respect, it differs from other
domesticated mammals such as dogs and cattle, in which
the trachea begins at the level of C2 (Budras et al 2007,
Evans & de Lahunta 2013). Therefore, in this study, the
laterolateral and ventrodorsal cervical radiographs identi-
fying the exact localization of the trachea will be extremely
useful in surgical and anesthetic procedures, as well as in
the choice of the proper tube length for endotracheal intu-
bation. Brainard et al. (2008), who described the difficulty
of performing a tracheotomy and inserting an endotracheal
tube in a dead giant anteater, mentioned the limitations of
surgical and anesthetic procedures involving the trachea,
because its palpation is hampered by the bony structures
at the entrance of the thorax. Brainard et al. (2008) obser-
vations underscore the importance of radiology exams for
the topographic identification of the trachea, pharyngeal
elements and other structures that were identified in this
study of live giant anteaters.

Radiolucent lines were visible among the hyoid ele-
ments, in both the radiographic and tomographic images.
These images correspond to synovial joints that Naples
(1999) and Pérez et al. (2010) identified between the hyoid
bones in giant anteaters. These joints allow for variations
in the length of the hyoid elements, which can alter its total
length by about 35%, from fully contracted to fully exten-
ded. This differs from many other mammals, in which the
hyoid elements are fused or ossified, without joints, althou-
gh some carnivores (Takada et al. 2009), felids (Weissen-
gruber et al. 2002) and cattle (Budras 2007) present these
synovial joints between the hyoid elements. In other adult
xenarthrans (Tamandua mexicana (Reiss 1997) and sloths
of the genera Bradypus and Choloepus (Naples 1986) that
have been studied, these elements are fused, but in giant
anteaters these elements have mobility, even in older ani-
mals (Naples 1999). It is also important to emphasize the
importance of knowledge about these joints, to avoid mis-
taking them for fractures of the hyoid elements, which may
occur in cases of trauma affecting the cervical region.

The basihyoid bone was identified as a single wide
structure, as described for carcasses by Naples (1999) and
Pérez et al. (2000), corresponding to the fusion of the ba-
sihyoid and thyrohyoid. This is a variation characteristic
of the hyoid apparatus in Xenarthrans (Pérez et al. 2010),
which was clearly identified in both examinations. The ra-
diographic examination proved satisfactory for identifying
most of the structures of the hyoid apparatus of the giant
anteater. However, some structures were not visible due
to the effect of overlapping with the cervical vertebrae.
The basihyoid was the element most affected in this as-
sessment, since it was not possible to visualize its V-shape
due to this overlap, especially in ventrodorsal projection.
However, in this projection, this element demarcates the
transition between the nasopharynx and the trachea, so it
is recommended for surgical or anesthetic procedures that
require the identification and localization of the trachea.

Computed axial tomography allows for better visualiza-

Pesq. Vet. Bras. 37(11):1345-1351, novembro 2017

Naida C. Borges et al.

tion of the basihyoid and its anatomical details, because it
avoids overlapping, enabling the identification of its vertical
portions (originating from the thyrohyoid), the ventral por-
tion (originating from the basihyoid) and the anterior projec-
tions, which articulate with the ceratohyoid, similar to what
Pérez et al. (2010) described in carcasses and fossils. The 3D
reconstruction revealed the same structures as those obser-
ved in the radiographs, but allowed for a better analysis of
the spatial relationship of the bony structures, particularly
in the ventrodorsal projection, which facilitated the identifi-
cation of the basihyoid and ceratohyoid. This is in agreement
with Leblanc & Daniel (2007) and Da Costa & Samii (2010),
who stated that computed tomography is a better diagnostic
tool than radiography for the evaluation of complex struc-
tures. However, in this study, we found that tomography did
not allow for a proper evaluation of the nasopharynx, oro-
pharynx, palate, epiglottis, laryngopharynx and trachea.

The anatomical and topographical study of the hyoid
region in the giant anteater by means of radiography and
computed tomography enabled a detailed visualization of
the bony structures, joints and adjacent soft tissues of the
hyoid apparatus. The 3D tomographic reconstruction allo-
wed for the selection and isolation of specific regions, sho-
wing details of bones that are not visible on radiographs
due to overlapping. The radiographs provided information
about the adjacent soft tissues, which were not visible in
the CT scans. Both radiology and tomography were effecti-
ve for evaluating this region, and are complementary tech-
niques for assessing the hyoid region.

CONCLUSIONS

When evaluating the hyoid apparatus and adjacent
structures in giant anteaters by means of radiographic and
tomographic imaging, it should be kept in mind that:

(1) The stylohyoid, epihyoid and ceratohyoid bones are
situated ventrally to the C2 to C5 vertebrae;

(2) The basihyoid is located ventrally to C5-C6 and de-
marcates the transition between the nasopharynx and tra-
chea in ventrodorsal projection;

(3) The oropharynx and nasopharynx extend from C1 to
C5, and the trachea begins at C6.
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