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Case Report

Humerus Fracture Treatment in a Raccoon After Dog Attack
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Abstract
Bone fractures are common in wild animals, especially arboreal ones. A raccoon belonging to a private zoo was brought to our clinic with a history of
a dog attack. It was diagnosed with incoordination due to head trauma and
a fracture of the middle diaphyseal humerus. The fracture was treated using
an intramedullary partially threaded tipped pin. After the treatment, the

Introduction
The raccoon (Procyon lotor) is one of the native wildlife species of
North America and was introduced to Europe and Asia in the 20th
century, and it was also brought to botanical gardens and zoos as pet
animals and for fur trade (Aliev & Sanderson, 1966; Bartoszewicz et al.,
2008; Hamir, 2011; Ikeda et al., 2004). They spread in regions where
they were abandoned by their owners and instinctively escaped
(Kato et al., 2009; Lutz, 1995). Raccoons have an average body weight
of 4–9 kg; however, males tend to be larger than females (Lotze &
Anderson, 1979). The diet of raccoons comprises a wide variety of
foods, including amphibians, oysters, snails, birds, eggs, mice, acorns,
wheat, sunflower seeds, and crayfish (Aliev & Sanderson, 1966;
Boggess, 1994; Greenwood, 1979). Raccoons can take their food
between their two hands, rub, and wash them (Ikeda et al., 2004;
Lotze & Anderson, 1979). The forelimbs are essential for performing
natural behaviors such as eating and climbing. Each raccoon foot
includes five toes. There is no finger mesh, which is unusual in carnivores (Lotze & Anderson, 1979). Raccoon’s hands are well adapted to
grip and manipulate objects (Lotze & Anderson, 1979).
Bone fractures occur mostly in arboreal and other wild animals
because of vehicle collisions, dog attacks, and falling from trees
(Henning et al., 2015; Jang et al., 2019). The most common fractures
in wild animals are seen in the head, femur, and lumbar vertebra

raccoon was returned to the zoo for care and survival. After 4 months, the
raccoon was able to use her arm as before.
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(Henning et al., 2015; Jang et al., 2019). Jang et al. (2019) indicated
humeral fractures as 5.9% in various animal species.
The fracture is classified according to its location, direction, number of
fracture lines, and having an external wound or not. The classification
of humeral fractures is made anatomically as proximal, mid-shaft, and
distal. Moreover, humerus shaft fractures are subclassified as transverse, oblique, spiral, fragmented, and segmental (Simpson, 2004).
This case report presents a successful osteosynthesis by applying
intramedullary pin fixation in a raccoon with a mid-shaft humeral
fracture. This is the first reported case relating to raccoons’ fractures
in Turkey so far and has the potential to aid in identifying head traumas, humerus fracture treatment, and post-operative care methods
in wild animals.
Case History
A 1-year-old female raccoon weighing 4.1 kg of a private zoo had a
dog attack and was taken to a veterinary clinic. After receiving serum
and supportive treatment for a week at the clinic, the raccoon was
brought to the Department of Wild Animal Diseases and Ecology at
Istanbul University—Cerrahpaşa Veterinary Faculty.
The raccoon had an imbalance and difficulty in moving. Head
examination revealed subconjunctival hemorrhage in the left eye.

Corresponding Author: Ebuderda GÜNAY • E-mail: ebuderda.gunay@iuc.edu.tr
Received: May 13, 2021 • Accepted: October 28, 2021 • Available Online Date: January 3, 2022 • DOI: 10.5152/actavet.2022.21039
Available online at actavet.org

156

Copyright@Author(s) - Available online
at actavet.org.
Content of this journal is licensed under
a Creative Commons AttributionNonCommercial 4.0
International License.

GÜNAY et al. Humerus Osteosynthesis in Raccoon
Acta Veterinaria Eurasia 2022; 48(2): 156-160

In neurological examination, nothing except primary tremor and
general incoordination was found. She was not using her forelimbs,
and the examination revealed a mid-diaphyseal fracture in the
humerus of this limb.
Mediolateral and anterioposterior radiographs of the right and left
forelimbs and ventrodorsal and laterolateral radiographs of head
region, thorax, abdomen, and pelvis were taken. We observed a
transversal fracture in the middle diaphysis (mid-shaft) of the right
humerus (Figure 1). Before the operation, complete blood and biochemistry values (Tables 1 and 2) were obtained to evaluate the general health.
Isotonic 0.9% NaCl (20 mg/kg intravenously (iv)) (Polifarma, Turkey),
lactate ringer (10 mg/kg iv) (Polifarma) were administered to the
patient. Enrofloxacin (5 mg/kg subcutaneously (sc)) (Baytril®, Bayer,
Germany), meloxicam (0.5 mg/kg sc) (Meloxicam, BaVet, Turkey),
furosemide (2 mg/kg intramuscular (im)) (Diuril, Deva, Turkey), and
B1–B6 vit. (Nervit composite, Deva) was performed for three days
and neurological examination was repeated daily. The operation
was performed 3 days later with an intramedullary partially threaded
tipped pin application (Figure 2).
The raccoon was fasted for approximately 12 hours to prevent regurgitation during the operation. Induction was performed with medetomidine (0.1 mg/kg im) (Domitor, Zoetis, USA) + ketamine (5 mg/kg im)
(Ketasol, Richter Pharma Ag, Austria) and intubated. General anesthesia was continued with isoflurane 2.5% (Isoflurane®, Adeka, Turkey) and
evaporated in 100% oxygen. For a cranio-lateral approach, a proximodistal incision was made to the skin on the fractures line. V. cephalica
antebrachii was isolated, and the subcutaneous fat and brachial fascia
were incised along the line. M. Brachiocephalicus was elevated, and
another incision was performed to the caput lateralis of M. Triceps and
the fracture fragments were revealed. A 3.5-mm partially threaded
tipped pin was inserted into the proximal humerus fragment using
the intramedullary retrograde technique. The fracture was stabilized
by placing the pin coming out of the intertubular groove into the distal humerus fragment using the normograde technique. The caput
lateralis of the M. Triceps and the skin were closed with 3/0 absorbable suture material (Monocryl®, Ethicon, USA) using simple separate sutures. Recovery was achieved using atipamezole (0.25 mg im)
(Antisedan, Zoetis). To prevent the patient from damaging the operation area, the area was bandaged with gauze and staples.
The patient was followed-up after the operation, and ceftriaxone
(50 mg/kg im) (Iespor® 250 mg, Ulagay, Turkey) and meloxicam
(0.5 mg/kg sc) (Meloxicam, BaVet, Turkey) was administered for
7 days. The patient was incaged for a month to minimize movement
and use of the arm. The raccoon had a good appetite, and its coordination improved gradually. In 10 days, sutures were removed, and
the patient started to use the operated arm. The raccoon was kept
in the zoo for 4 months post-operation and was observed to use its
affected arm normally. Control x-rays were taken (Figure 3), and the
intramedullary pin was removed after complete recovery.
Discussion
Few studies have been published to date on bone fractures in raccoons. There are reports of fractures related to arboreal wild animals
(Abdullah et al., 2018; Dongwook et al., (2020); Henning et al., 2015;

Figure 1
X-ray Appearance of Mid-diaphyseal Fracture Before the Operation.

Majie et al., 2014). In addition, there are cases resulting from limb
amputation or euthanasia in wild animals. (Henning et al., 2015).
The forelimb is very important for climbing, feeding, and sustaining
everyday life in wild animals, especially arboreal ones. A 2015 study
stated that approximately 62% of koalas with forelimb fractures were
euthanized (Henning et al., 2015). Although most fractures can be
treated using different methods, success in wild animals is difficult
because of problems such as post-operative care, stress in captivity,
struggling, and difficulty in stabilizing the fracture site (Jang et al.,
2019). Considering that the best stabilization method for humerus
fracture in this case was intramedullary pin application, we decided
to perform the operation.
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Table 1
Hematological Values of Raccoon Before Operation
Parameters
RBC

Results

Reference Values

8.20 M/μL

5.29–8.78

HCT

25.5%

27–51

HGB

9.8 g/dL

10.0–18.5

MCV

31.1 fL

48–62

MCH

12.0 pg

15–21

MCHC

38.4 g/dL

30–37

RDW

32.9%

–

Reticulocyte (%)
Reticulocyte
WBC

0.1
5.7 K/μL

–

10.83 K/μL

Neutrophil (%)

62.0

45–88

Lymphocyte (%)

30.9

10–51

Monocyte (%)

6.4

1–8

Eosinophil (%)

0.6

0–3

Basophil (%)

0.1

Neutrophil

6.72 K/μL

Lymphocyte

3.35 K/μL

Monocyte

0.69 K/μL

Eosinophil

0.06 K/μL

Basophil

0.01 K/μL

PLT

708 K/μL

MPV

8.4 fL

PCT

0.59%

RBC = red blood cell; HCT = hematocrit; HGB = hemoglobin; MCV = mean
corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean
corpuscular hemoglobin concentration; RDW = red blood cell volume
distribution width; WBC = white blood cell; PLT = platelet; MPV = mean
platelet volume; PCT = procalcitonin.
Reference values are taken from Hernandez et al. (2020)

The combination of xylazine and ketamine is widely used for anesthesia in wildlife (Henning et al., 2015; Robert et al., 2012). In recent
years, medetomidine–ketamine is also used, and its shorter recovery
time from anesthesia with atipamezole made us to prefer this combination (Robert et al., 2012; Shilo et al., 2010). In addition, medetomidine has the advantage of an antidote.

Table 2
Biochemical Values of Raccoon Before Operation
Parameters

Results

Reference Values
75–150

GLU

39 mg/dL

CREA

0.4 mg/dL

0.41

BUN

18 mg/dL

5–38

BUN/CREA

44

TP

8.5 g/dL

ALB

3.5 g/dL

3.4

GLOB

5.0 g/dL

3.7

ALB/GLOB

0.7

ALT

229 U/L

121

ALKP

75 U/L

60

Figure 2
Post-operative X-ray and Intramedullary Partially Threaded Tipped
Pin Application.

GLU = glucose; CREA = creatinine; BUN = blood urea nitrogen; BUN/CREA =
blood urea nitrogen/creatinine ratio; TP = total protein; ALB = albumin;
GLOB = globulin;
ALB/GLOB = albumin/globulin
ratio;
ALT = alanine
aminotransferase; ALKP = alkaline phosphatase.
Reference values are taken from Hernandez et al. (2020).

Humerus shaft fractures can be repaired with external and internal pin applications, cerclage wires, interlocking pins, and bone
plates. External fixation with “tie-in” configuration is recommended
for juvenile animals (Jang et al., 2019; Simpson, 2004). The main
reason why we employed internal pin fixation is the skill of raccoons in using their hands and the high potential of damaging
the fixator. Also, the open reduction and internal fixation method
caused smaller wounds at the operation area which was easier for
the raccoon to cope with. Raccoons are good tree climbers and are
very skillful in using their forelimbs. Therefore, cage rest and surveillance were applied until the complete fusion of fracture fragments, and the stitches in the incision area were then removed. The
raccoon was able to use her arm and climb in 30 days after operation. The intramedullary pin was removed 120 days later; control
x-rays were taken and remodeling phase callus in the humerus,
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Figure 5
First Day of the Client in Our Clinic.
fusion of cortical bone ends, and the medullar space were detectable (Figures 3 and 4).

Figure 3
Control X-ray Showing Secondary Bone Healing After Surgery and
Callus Formation in the Remodeling Phase.

This case is of much importance due to the difficulty and lower success rate of treating fractures in wild animals, especially arboreal animals such as raccoons, primates, and koalas. Moreover, such a study
has not been published in Turkey before; this is the very first successful raccoon humerus fracture operation reported.
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