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Humeral fracture repair using a robust fixation in an adult Giant Anteater
(Myrmecophaga tridactyla): case report
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ABSTRACT

The treatment of fractures from the thoracic limb in giant anteaters is extremely challenging. Unfamiliar
and peculiar anatomical characteristics, robust musculature and the imminent need for an early return to
limb function highlight such challenges. The objective of this report was to describe the successful use of
anatomical osteosynthesis with a robust locking compression plate in a humeral fracture of an adult giant
anteater. The patient was rescued on the highway after being run over and presented for treatment at the
Veterinary Teaching Hospital. Surgical stabilization was performed using a craniomedial approach to the
humerus, using a customized broad 3.5mm locking compression plate. The patient presented early limb
support at 24 hours postoperatively. Radiographic monitoring was performed at 30, 60 and 90 days
postoperatively, and bone healing was observed without any complications. It is concluded that the
treatment of humerus fractures in giant anteaters requires robust fixation. The use of a reinforced locking
compression plate system proved to be effective and adequate to the mechanical load that an adult
individual of this species needs for early use of the thoracic limb and, at the same time, efficient in
controlling interfragmentary movement, which allowed fracture consolidation.
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RESUMO

O tratamento das fraturas do membro toracico dos tamanduds-bandeira (Myrmecophaga tridactyla) é
extremamente desafiador. Caracteristicas anatdmicas pouco familiares e peculiares, musculatura muito
desenvolvida e necessidade iminente de retorno precoce a funcdo do membro destacam tais desafios.
Objetivou-se, neste relato, descrever a utilizacdo com sucesso da osteossintese anatdbmica com placa
blogueada robusta em fratura umeral de um tamandua-bandeira. O paciente foi resgatado em rodovia
apdés atropelamento e atendido no Hospital Veterinario Universitario. Apds sedagdo e avaliacao fisica
completa, foi realizado exame radiogréfico, o qual revelou fratura completa obliqua curta em diafise média
de Umero esquerdo. A estabilizagdo cirdrgica foi realizada por abordagem craniomedial ao Umero,
utilizando-se placa bloqueada (LCP) do sistema 3,5mm customizada. O paciente apresentou apoio precoce
do membro com 24 horas de pds-operatdrio. Realizou-se acompanhamento radiografico aos 30, 60 e 90
dias, sendo observada unido clinica sem quaisquer complica¢des. Conclui-se que o tratamento das fraturas
do Umero em tamandués-bandeira exige robustez na fixagéo. A utilizagéo de sistema reforgado de placa
blogueada mostrou-se efetiva e adequada a carga mecanica de que um individuo adulto dessa espécie
necessita para uso precoce do membro toracico e, ao mesmo tempo, eficiente no controle da movimentacéo
interfragmentaria, o qual permitiu consolidacéo da fratura.
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INTRODUCTION

The human occupation of natural territories
associated with the scarcity of food for several
wild species, have greatly increased motor vehicle
accidents on highways, as well as the receiving of
polytraumatized and fractured wild animals in
veterinary clinics practice (Alves et al., 2020).
The lack of knowledge about physiology,
anatomy and physio pathologic mechanism of
diseases have been making this approach highly
challenging (Zimmerman et al., 2010). Despite of
few publications involving traumatic conditions
and giant anteaters, the decision-making
regarding therapeutic approach has been mostly
based on personal experiences or knowledge from
other animals, especially dogs and cats (Ferrigno
et al., 2003; Sesoko, 2012).

Thoracic limb fractures require rigid fixation and
effective bone consolidation, since this species is
totally dependent on the thoracic limb to survive
(Alves et al., 2020). Its arms are adapted to open
termite nest walls and its claws specialized for
defense, locomotion and obtaining food. In
addition, thoracic limb muscles weigh almost
twice the pelvic limb ones, requiring great
resistance from the orthopedics implants (Sesoko,
2012). The robustness of these animals implies the
need to select rigid implants that promote strong
enough fixation, once they will certainly be
challenged against their body weight and
muscle’s strength (Zimmerman et al., 2010).
Additionally, the fixation should promote rapid
recovery of limb function, low rate of
complications and allow the animal to manifest its
natural behavior, without compromising its ability
to survive (Ferrigno et al., 2003). The present
study aims to report a humeral osteosynthesis in
an adult giant anteater (Myrmecophaga
tridactyla) with a customized reinforced locking
plate system.

CASE REPORT

An estimated 20kg, adult, female giant anteater
(Myrmecophaga tridactyla) was received at
Veterinary Teaching Hospital, presenting with
non-weight bearing left thoracic limb lameness
after being run over on a highway. Aggressive
behavior and soft tissue edema in the level of left
humerus were firstly observed. Dissociative
anesthesia was performed, with the association of
5mg/kg tiletamine and 5mg/kg zolazepam
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(Virbac, Sao Paulo, SP, Brazil), intramuscularly
(IM). Subsequently, physical examination, initial
emergency treatment, laboratory and radiographic
examinations were performed.

Mild dehydration, left thoracic limb skin
abrasions and signs of inflammation at the
fracture site were observed. At this point,
50ml/kg/day of ringer lactate (subcutaneously
[SC]), 3mg/kg of tramadol hydrochloride (Teuto,
Cravinhos, SP, Brazil), IM, 7.5mg/kg
enrofloxacin (Bayer, Sdo Paulo, SP, Brazil), IM,
and 0.2mg/kg on the first day and 0.1mg/kg on the
following days of meloxicam (Ouro Fino,
Cravinhos, SP, Brazil), IM, were administered.
The blood count and serum biochemistry were
considered normal (Miranda, 2012). Radiography
of the chest, skull, abdomen and limbs were
performed with a digital radiography device
(Digital Radiography Equipment; Siemens
RG150/100gl, Munich, Germany), revealing a
mid-diaphyseal short complete oblique fracture of
the left humerus (Figure 1A). Surgical treatment
was chosen and performed one day after the initial
care.

Preanesthetic medication consisted of 10mg/kg of
ketamine (Syntec, Santana de Parnaiba, SP,
Brazil), IM, 0.5mg/kg of midazolam (Hipolabor,
Sabara,mg, Brazil), IM, and 0.1mg/kg of
morphine (morphine sulfate, Cristalia, Itapira, SP,
Brazil), IM. Cannulation of the facial vein and
trichotomy of the affected limb were performed.
The patient was pre-oxygenated by mask for five
minutes. Oxygenation was performed by a mask
coupled to the Baraka circuit, providing 100%
oxygen (1L/min) and isoflurane (Cristalia, Itapira,
SP, Brazil, dose-effect).

The animal was placed in the supine position, with
the limb extended caudally, according to the
description for approach to the humerus of Sesoko
(2012). The surgical site was aseptically prepared
with 2% chlorhexidine (Riohex 2%, Rioquimica,
S8o José do Rio Preto, SP, Brazil) followed by
chlorhexidine alcoholic 0.5% (Riohex 0.5%,
Rioquimica, S&o José do Rio Preto, SP, Brazil). A
craniomedial approach to the humerus was
performed, taking the pectoral tuberosity as a
reference, very pronounced in this species. The
incision was made medially to this tuberosity and
extended across the diaphysis. After incision of
the muscular fascia, the biceps brachial muscle
and its heads were observed, which were
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separated to expose the humeral diaphysis. The
cephalic vein was carefully retracted, and the
pectoral muscle was incised to access the most
proximal diaphysis. After reducing the fragments
with a pointed bone forceps, a 3.5mm broad LCP
plate with nine holes (Focus®, Indaiatuba, SP,
Brazil) was firstly cut and properly contoured to
suit the size of the bone, and then fixed with seven
3.5mm screws applied to the caudolateral surface
of the humeral shaft. Interfragmentary
compression was achieved manually through the
pointed bone forceps.

The pectoral muscle fascia was closed using 2-0
polyglecaprone 25 (Caprofyl, Ethicon, Sdo Paulo,
SP, Brazil), in a simple continue suture pattern, as
well as the subcutaneous tissue. The skin was
sutured with 2-0 nylon (Mononylon, Ethicon, S&o
Paulo, SP, Brazil), in a simple interrupted suture
pattern. The patient was radiographed

postoperatively. It then received 0.1mg/kg of

meloxicam, SID, IM, for 5 days (Ouro Fino,
Cravinhos, SP, Brazil) and 5mg/kg of
enrofloxacin, SID, IM, for 5 days (Bayer, Sdo
Paulo, SP, Brazil).

The animal recovered uneventfully and started to
walk the day after the surgery. It was kept in a
restricted space in the wildlife animals’ sector for
60 days. It was fed with a liquid to pasty diet
initially composed of eggs, lactose-free bovine
milk and cream enriched with calcium and
multivitamins. Subsequently, minced cooked
meat, soy extract, honey, dog food, carrots and
beets were added to its pasty diet. Radiographs
were taken at 30 and 60 days postoperatively
(Figure 1B), under sedation with an association of
5mg/kg tiletamine and 5mg/kg zolazepam
(Virbac, Sdo Paulo, SP, Brazil), IM, showing
satisfactory bone union of the fracture. After 90
days, the animal was sent to a rehabilitation
program with other anteaters at the zoo.

']

Figure 1. Orthogonal radiographic images showing a short complete oblique fracture in the mid diaphysis
of the left humerus from an adult giant anteater (Myrmecophaga tridactyla) (A) e (B), and 60 days after the
left humeral osteosynthesis, using a broad 3.5mm LCP plate (C) e (D).

DISCUSSION

Fixation of fractures in wild animals must achieve
high-quality and potentially rapid results with
minimal postoperative complications, ensuring
the survival of the species (Lin et al., 2005;
Zimmerman et al., 2010). Overriding potential
anatomical, physiological and behavioral
challenges of each species is necessary for
achieving those goals. The present report
describes the successful treatment of a humeral
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fracture in an adult giant anteater, which involves
the need for rigid and long-lasting fixation,
considering body weight, anatomical peculiarities
of soft and bone tissues and impossibility of
postoperative resting. The technique provided
early use of the limb and return to locomotion
after 24 hours postoperatively, allowing early
return to regular activities and collaborating
greatly with the individual's survival and referral
to subsequent stages of re-adaptation.
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Conceptually, fractures in wild animals might be
fixed with conventional techniques described, and
used in humans and domestic animals, however,
the core of the decision-making is how robust it
should go for. Even small wild mammals need
special attention, especially considering their
behavior and daily basis life (ie primates, small
wild dogs and cats) (Au et al., 2018; Souza et al.,
2020). Medium and large mammals need much
more care for deciding the proper method of
fixation. It was decided, in the present case, to use
a customized broad 3.5mm locking plate, which
has a reinforced system in thickness of the plate,
in spite of using 3.5mm external diameter screws.
Thus, it provides a rigid (robust) construction
sufficient for the current need, given the result
obtained. There was rapid functional recovery of
the limb and clinical consolidation 60 days after
the surgery. Hypothetically, a 20kg domestic dog
would never need this fixation system; a humeral
fracture can be adequately fixed using less robust
methods (Sesoko, 2012).

The locking plate promotes superior stability
when compared to other methods available for
fractures of the humerus. In this case, particularly,
it allowed a favorable mechanical environment for
bone healing (Matres-Lorenzo et al., 2016;
Kenzig et al., 2017). This guideline is applied
successfully for humeral fractures of humans and
small domestic animals in a regular basis (Walker
et al., 2011; Li et al., 2017; Maritato & Rovesti,
2019). Among several advantages of locking
plates, a reduced risk of premature loss of the
screw and bone interface and early loosening of
the implant can be highlighted (VandeWall et al,
2019).

Other cases of surgical stabilization in animals
with robust body mass, restless behavior and the
impossibility of postoperative resting have been
reported and reinforce the importance of stronger
methods of fixation. Ferrigno et al. (2003)
performed a fixation of a humeral fracture in a
giant anteater using a human LC-DCP plate, and
reported difficulties in approaching the fracture
site due to the highly developed musculature and
unfamiliar anatomy; bone healing was attempt but
the implant showed some plastic deformation. A
locking plate has been used successfully in
fractures of a polar bear (Zimmerman et al.,
2010), panthers (Au et al., 2018) and chimpanzees
(Pizzi et al., 2020). The double-plating technique
was reported to stabilize polar bears by Lin et al.

650

(2005), showing that this association can
represent a good alternative for large patients. In
the present case, it was chosen to use only one
plate due to the need for excessive dissection of
the humeral muscle envelope, the possibility of
injury to important anatomical structures and
biological disadvantages for the fracture
environment. Furthermore, the reinforced plate
was considered strong enough, providing rigidity
and adequate micromovement control, with no
signs of stress protection.

Humeral fractures in human and canine patients
are still addressed with interlocking nails,
especially when rigid, robust and long-lasting
fixation is required (Rajagopal et al., 2017;
Fauron et al., 2018). Preliminary anatomical study
of an anteater humerus carried out by the authors
of this paper revealed a too narrow anteater's
medullary canal, not large enough for the desired
fixation. The giant anteater has important
anatomical particularities, mainly a large and
robust muscular envelope around the humerus
(Ferrigno et al., 2003; Bonnon et al., 2015).
Descriptions of safe corridors for surgical
approaches and studies of the musculoskeletal
system of this species are limited. Using
inappropriate techniques or being unaware of
anatomical variations can lead to injuries of noble
anatomical structures during surgical approach
and cause myopathies, failure of the implants and
other complications, putting the animal's survival
at risk (Sesoko, 2012; Bonnon et al., 2015). No
complications were observed in this report,
bringing evidence that humeral fractures in giant
anteaters can be successfully repaired if
anatomical particularities have been considered.

A craniomedial approach to the humeral
diaphysis, with the thoracic limb extended
caudally, was performed; an incision of the
pectoral muscle to accommodate the plate was
required, as reported by Sesoko (2012). This
approach was effective in exposing the humeral
diaphysis and allowed proper positioning of the
implants. The same approach, with some
modifications, have been widely used in dogs and
cats (Johnson & Hulse, 2005). Bone union was
observed after 60 days, without any complication
and with an excellent functional result. Little bone
callus formation was demonstrated, evidencing
that the stabilization promoted adequate control of
the micromovement. The concepts of fracture
management and the guidelines for decision
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making described here are applicable or
transposable to other species of wild animals,
whether free-living, kept in captivity or even
domesticated. In view of the lack of reports of
stabilization and guidelines for approaching bones
in this species, the present report shows that
craniomedial approach to the humerus and use of
robust fixation with implants for small animals
were effective and allowed early functional
recovery.

CONCLUSION

Giant anteater fractures can be successfully
treated using implants for small animals;
however, it is necessary to have a robust
construction that supports the animal's weight and
allows expression of its natural behavior without
compromising its survival.
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