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Fracture analysis of wild mammals in South Korea
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Abstract: This study was conducted to evaluate and analyze fractures types in wild mammals in Korea. Wild mammals treated at 3
wildlife centers in Korea were included. Of the 63 cases included in this study, water deer was the most common species encountered
with fractures. We determined 85 different fracture sites, with maximum lumber vertebral fractures followed by femoral, tibial and
pelvic fractures. External skeletal fixator (ESF)-intramedullary (IM) pin (IM+ESF tie-in fixation) was the most common method
applied for the surgical treatment of mammals. Lumbar vertebrae and femur were the most common bones involved. The findings of
this study are expected to provide information for veterinarians regarding the frequency and characteristics of fractures in wild
mammals and serve as a basic database for the types and outcomes of fractures in wild mammals.
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Introduction

A fracture is defined as the dissolution of bony continuity, with or without
displacement of fragments. Torn vessels, lacerated periosteum, contused
nerves and bruised muscles, along with tissue damage of varying degrees,
normally accompany fractures [1]. Hence, fractures remain a challenging
problem for domesticated animals as well as wild mammals.

In wild animal orthopedics, fracture of the long bone is most commonly
encountered. The prevailing occurrence of high energy traumas that lead to
fractures is progressively severe to treat, due to significant excess of kinetic
energy [2]. Comminuted fractures resulting from such high energy trauma are
common in wildlife and also they require immediate surgical intervention.
These are only those patients that survived the painful episode to enable sub-
sequent surgical treatment. It is likely that significantly sufficient trauma that
fractures the cranial bone is frequently associated with lethal trauma to the
head. Similarly, trauma to the caudal half of the animal would be more prone
to produce life threatening injuries. It is probable that mammals impending
trauma approaching (automobiles), they expose their hindquarters to bear the
major force of the impact.

Fracture treatments of injured mammals are important for their survival.
The ideal objective of fracture treatment is to completely rehabilitate the
patient in the shortest time possible [3]. There are several surgical methods
including bone plate, intramedullary (IM) pins, and external skeletal fixation
(ESF) is the method of choice for treating fractures in mammals [3]. Success-
ful fracture treatment comprises a perfectly aligned bone of full length having
solidly united joints that are freely movable to their fullest range, and normal
musculature, innervations and integument surrounding the site of the previ-
ous fracture [3-5].

The expected outcome of a fracture is bone healing, defined as the func-
tional stage of bone factors, such as degree of the adjacent soft tissue, the dis-
placement of the fracture ends, and the degree of comminuting. Age of the
patient and the presence of co-morbidities are other factors that influence
selecting the method for the stabilization of the fracture [6,7].
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Repair of bone fracture in wild mammals remains a chal-
lenge for the orthopedic surgeon. The prognosis and surgical
challenges are directly related to facilities in wildlife centers
and management of the patient by veterinarians [8,9].

Several studies have reported fracture analysis of small
animals and other mammals, but not wild mammals. Reports
on avian orthopedics have proved useful for fracture treat-
ments [10], and studies on fractures in deer and few wild
mammals have been published. However, studies on the dis-
tribution of fracture, treatments, and outcomes of fracture
management are minimal, and none have been reported in
Korea to date.

This study is therefore aimed to present fractures analysis
in wild mammals, distribution of fractures sites in different
organs, and application of different surgical treatments for
fracture recovery in the wildlife centers, in the period 2016 to
2019.

Materials and Methods

Data of wild mammals were collected from Seoul, Gyeo-
ngnam, and Busan Wildlife Centers in South Korea, from
2016 to 2019. The collected data include age, species, frac-
ture types, treatment, radiographs, and outcomes. In this
study, records were available for 63 animals having 85 frac-
ture sites that underwent repair using different surgical tech-
niques. Records were reviewed based on history, fracture
location, and type of surgical repair technique. Data was then
analyzed and compared with previous studies to make useful
for wild mammals.

All the animals evaluated in this study were mostly wild
animals belonging to three species: raccoon dog, water deer,
and Siberian weasel. Different fracture sites were catego-
rized into their respective types for analysis and treatment.
Distribution of fracture sites was also evaluated according to
the animal species. Data was further categorized according to
the bones involved, i.e., mandible, humerus, radius, ulna,
femur, tibia, fibula, pelvis, digit, vertebrae, and ribs.

Depending on the type of surgical invasion, site of frac-
ture and outcome of treatments, the animals were classified
as either hospitalized, euthanized, death after surgery, or rein-
troduced into wild. Four types of surgical treatments were
implemented: bone plate, cast, IM pins, and ESF+IM pins.
We further determined treatment techniques used to repair
fracture and prognosis of wild mammals after surgical inva-
sion. Follow-up information related with outcome of treat-
ment was based on radiographic and physical examination by
veterinarians.

Results

Distribution of species

Three species were presented among 85 fractures sites.
Water deer (n =44, 69.8%) were the most common species,
followed by raccoon dog (n= 16, 25.4%), and Siberian wea-

sel (n=3, 4.8%). The total number of animals were 63 hav-
ing different fractures.

Distribution of age

There were three categories based on the age of mammals
that accounted for the fractures: <1 year, 1 <x <2 years and
> 2 years. Higher incidence of fractures confirmed and treated
in wildlife centers belonged to the >2 years group (n=43,
68.2%), 1 <x <2 years (n= 10, 15.9%), and less than 1 year
(n=10, 15.9%) as given in Table 1.

Sites of fracture

A total of 85 fracture sites were categorized (Table 2).
Lumbar vertebrae (18 cases, 21.1%) was the most common
site of fracture (Fig. 1B and C), followed by the femur (13
cases, 15.3%; Fig. 1D), tibia and pelvis (8 cases, 9.4% each),
and radius (7 cases, 8.2%). Frequency of fractures were
lower for humerus (5 cases), ulna (5 cases), carpometacar-
pus (5 cases), fibula (4 cases), tarsometatarsus (4 cases), ribs
(3 cases), mandible (2 cases), and sacrum (1 case). Fig. 1
showed radiographs of raccoon dog, water deer, and Sibe-
rian weasel. Distribution of fractures sites by species is given
in Table 3.

Table 1. Distribution of age

Species Values
<1 year 10 (15.9)
>2 years 43 (68.2)
1 <x <2 years 10 (15.9)

Total 63 (100)

Values are presented as number (%).

Table 2. Distribution of fractures sites

Fracture site Values
Mandible 2 (2.4)
Humerus 5(5.9)
Radius 7 (8.2)
Ulna 5.9
Carpometacarpus 5(5.9)
Femur 13 (15.3)
Tibia 8 (94)
Fibula 4 (4.7)
Tarsometatarsus 4 4.7
Pelvis 8 (94)
Thoracic vertebrae 2 (23)
Lumbar vertebrae 18 (21.1)
Sacrum 1 (1.1)
Ribs 3 (3.5
Total 85 (100)

Values are presented as number (%).
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Fig. 1. Pre-operative radiographs. (A) Lateral radiograph of Raccoon dog (Nyctereutes procyonoides), revealing right tibial fracture.
(B) Ventrodorsal radiograph of water deer (Hydropotes inermis), revealing 3rd lumbar vertebral fracture. (C) Lateral radiograph of
Siberian weasel (Mustela sibirica), revealing 3rd lumbar vertebral fracture. (D) Ventrodorsal radiograph of Raccoon dog (N. procy-

onoides), revealing left femoral and pelvic fracture. R, right.

Table 3. Distribution of fractures sites by species

Fracture site Raccoon dog Siberian weasel Water deer
Mandible 0 (0.0) 0 (0.0) 2 (3.4)
Humerus 1(43) 0 (0.0) 4(6.9)
Radius 2 (8.7) 0 (0.0) 5 (8.6)
Ulna 2 (8.7) 0 (0.0) 3(52)
Carpometacarpus 0 (0.0 0 (0.0) 5 (8.6)
Femur 5(21.7) 1 (25.0) 7 (12.1)
Tibia 1(43) 1 (25.0) 6 (10.3)
Fibula 143) 1 (25.0) 2 (3.4)
Tarsometatarsus 0 (0.0 0 (0.0) 4 (6.9)
Pelvis 6 (26.1) 0 (0.0) 2 (3.4)
Thoracic vertebrae 2 (8.7) 0 (0.0) 0 (0.0)
Lumbar vertebrae 0 (0.0 1 (25.0) 17 (29.3)
Sacrum 1(43) 0 (0.0) 0 (0.0)
Ribs 2 (8.7) 0 (0.0) 1(1.7)
Total 23 (100) 4 (100) 58 (100)
Values are presented as number (%).
. 12.5%), and cast (1, 6.3%). Totally 44 water deer were treated
Table 4. Treatment of fractures in mammals by 5 )different ngethods )(Table i): cage rest (31, 70.5%),
Treatment Raccoon dog Water deer ESF+IM pins (6, 13.6%), IM pin (3, 6.8%), bone plate (2,
Bone plate - 2 (4.5) 4.5%), and cast (2, 4.8%). The 3 weasels treated were cage
Cage rest 13 (81.2) 31 (70.5) rested.
IM pin 2 (12.5) 3(6.8)
IM pin+ESF - 6 (13.6) Prognosis after surgery
Cast 1(6.3) 2 (4.5) Outcomes for the 44 water deer were 25 (57%) mortali-
Total 16 (100) 44 (100) ties, euthanasia (11 cases, 25%), and dead on arrival (DOA)

Values are presented as number (%).

Surgical treatments

Surgical treatments included in this study were cage rest,
bone plate, IM pin, ESF+IM pins (tie-in fixation), and cast
treatments. In case of raccoon dogs, cage rest was the most
common treatment (13, 81.2%), followed by IM pin (2,

and released animals were 3 cases each (6.8%). Only 1 case
was hospitalized (2.2%). Among the 16 cases of raccoon
dogs examined, euthanasia was the prevalent outcome (9
case, 56.3%), followed by release (4, 25%), death (2, 12.5%)
and hospitalization (1, 6.2%), as given in Table 5. All 3 wea-
sels were euthanized. No lameness was observed in a rac-
coon dog (Nyctereutes procyonoides) after rehabilitation and
recovery from left radius and ulna fracture treated by using
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Table 5. Prognosis after surgery in mammals

Outcome Raccoon dog Water deer
DOA 0 (0) 3 (6.8)
Release 4 (25) 49
Euthanasia 9 (56.3) 11 (25)
Hospitalization 1(6.2) 122
Death 2 (12.5) 25 (57)
Total 16 (100) 44 (100)

Values are presented as number (%).

Table 6. Prognosis of fractures by species and surgical management

IM pin fixation. Prognosis of fractures by species and surgi-
cal management is given in Table 6.

Radiographic evaluation of fracture and surgical
treatment

Craniocaudal views were obtained immediately at post-
fracture fixation. Subsequently, a number of radiographs
were exposed till recovery and proper union of bones. Radio-
graphic postoperative examination revealed unification of
bone fragments and proper alignment.

Lateral radiograph of Raccoon dog (N. procyonoides)

Species/management - Dead - Hospitalized Full recovery Total
Post-operative death Euthanasia

Raccoon dog 2 (14.3) 7 (50) 1(7.1) 4 (28.6) 14
Cage rest 2 (18.2) 7 (63.6) 0 (0.0 2 (18.2) 11
Cast 0 (0.0 0 (0.0 0 (0.0 1 (100.0)
IM pin 0 (0.0 0 (0.0 1 (50.0) 1 (50.0)
Siberian weasel 0 (0.0 3 (100.0) 0 (0.0 0 (0.0
Cage rest 0 (0.0) 3 (100.0) 0 (0.0 0 (0.0)
Water deer 28 (66.7) 10 (23.8) 124 3 (7.1) 42
Bone plate 2 (100.0) 0 (0.0) 0 (0.0 0 (0.0) 2
Cage rest 18 (62.1) 10 (34.5) 0 (0.0 1 (34) 29
Cast 2 (100.0) 0 (0.0 0 (0.0 0 (0.0 2
IM pin 2 (66.7) 0 (0.0) 1 (33.3) 0 (0.0)
IM pin+ESF 4 (66.7) 0 (0.0 0 (0.0 2 (33.3) 6

Values are presented as number (%).

Fig. 2. Post-operative radiographs. (A) Craniocaudal radiograph of water deer (Hydropotes inermis), showing repaired right femur with
bone plate fixation. (B) Craniocaudal radiograph of raccoon dog (Nyctereutes procyonoides), showing fractured left femur is fixated
by using IM pin and cerclage wire. (C) Craniocaudal radiograph of raccoon dog (N. procyonoides), showing fractured left tibia is
repaired by using IM pin and external skeletal fixator. (D) Craniocaudal radiograph of water deer (H. inermis), showing repaired left
tibia with ESF. L, left; IM, intramedullary.



revealed complete oblique fracture at the diaphysis of the
right tibia with caudal displacement of the distal end of the
proximal fragment of the right tibia as shown in Fig. 1A.
Ventrodorsal radiograph of water deer (Hydropotes inermis)
revealed marked dislocation of 3rd lumbar vertebra to the left
side, consistent with vertebral fracture as shown in Fig. 1B.
Lateral radiograph of Siberian weasel (Mustela sibirica)
revealed ventral deviation of the 3rd lumbar vertebra with
mineral fragments at the intervertebral foramen between 2nd
and 3rd lumbar vertebrae, which is consistent with vertebral
fracture as shown in Fig. 1C. Ventrodorsal radiograph of
Raccoon dog (N. procyonoides) revealed disruption of the
normal box-like appearance of the pelvis by right iliac and
left ischial fractures. There were also luxation of the left fem-
oral head and complete transverse fracture at the distal
metaphysis of the left femur as shown in Fig. 1D.

Post-operative radiographs of water deer (H. inermis),
showed repairing by using bone plate fixation or ESF as
shown in Fig. 2A and D. Post-operative radiographs of rac-
coon dog (N. procyonoides), showed fixation by using IM
pin and cerclage wire or IM pin and ESF as shown in Fig 2B
and C.

Discussion

Research of bone fractures in wild mammals is compli-
cated since the specimens studied may not accurately repre-
sent the situation in wild. Field workers have difficulty in
observing mammals in their natural state, and may miss
some fractures, especially minor ones and those occurring in
juveniles [11].

More fractures were observed during late summer and
early autumn i.e., June, July and November. Many comminuted
fractures were caused by collision or hitting by vehicles.
Fractures were seen mostly in the young and adult deer [12].
Fractures and other musculoskeletal fractures were predomi-
nant (70%) compared to other soft tissue damages (30%) [13].

In a previous study, 14 water deer were treated. During
transportation, 50% were not sedated, while remaining 50%
were sedated. Seven animals were released after surgery and
recovery, but the remaining died at different intervals after
surgery. Of the 7 released animals, 6 were sedated during and
after surgery [14]. The results were similar to the present
study. This indicates that sedation may be helpful in reduc-
ing stress and preventing adverse effects of stress [15].

To date, there have been no studies evaluating the fracture
types in wild mammals. In the present study, a higher per-
centage of fractures were observed in long bones such as
femur, tibia, humerus, radius, and ulna. The number of bone
fragments and extent of damage to the adjacent soft tissues
were both affected by the velocities of the forces causing the
fracture. Low velocity forces resulted in single fractures,
whereas high velocity forces caused multiple fractures [10].

Axial skeleton fractures are common. i.e., vertebrae, pel-
vis. We confirmed several cases of vertebral fractures as well
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as pelvic fractures. In this study, the highest percentage of
fractures was found in the lumbar vertebrae (21.17%), while
pelvic fractures accounted for 9.41%. Depending on species,
locations of commonly occurred fracture are different. Con-
sidering long bones, femur was the most common long bone
involved in fractures, followed by tibia, and radius. The fre-
quency of fractures of humerus (5 cases), ulna (5 cases), car-
pometacarpus (5 cases), fibula (4 cases), tarsometatarsus (4
cases), ribs (3 cases), mandible (2 cases), and sacrum (1 case)
were low.

Selection of appropriate surgical materials and methods for
the treatment of fractures in wild mammals is challenging.
Treatment of fractures in wild mammals chiefly involves the
use of bone plate, IM pins, and IM pins+ESF. In the present
study, IM pins were applied in 2 of the 16 surgically treated
raccoon dogs, whereas water deer received IM pins (6.8%) as
well as IM pins+ESF (13.6%). Of the 63 mammals that were
surgically treated in the present study, 8 exhibited recover-
ies, while 27 died. According to physical status, mammals
were euthanized or kept hospitalized during and after surgi-
cal treatment.

In the present study, a high percentage of raccoon dogs
were released in the wild (25%), whereas water deer showed
a very poor outcome of fracture management. The reasons
for the low rate of release into the wild include stress of sur-
gical intervention as well as delayed treatment due to a long
interval between the time of injury and recovery.

Stress is caused by sudden capture with forceful muscular
exertion or fear during transportation or surgical treatment,
resulting in psychological and physical stress in animals.
This complication is diagnosed by depression, metabolic aci-
dosis, lack of coordination, and death in ungulates, espe-
cially in deer [15,16]. In the present study, all Siberian weasels
were euthanized and also water deer releasing rate was very
low. However, raccoon dogs were kept hospitalized (6.2%)
and released (25%), based on the surgical outcome.

In conclusion, this is the first study to evaluate fractures
analysis in wild mammals in Korea. The incidence of frac-
ture was more in water deer than other mammals. Lumbar
vertebrae and femur were the most common bones involved.
The most frequently applied surgical treatment was IM
pins+ESF. The findings of this study are expected to provide
information for veterinarians regarding the frequency and
characteristics of fractures in wild mammals, and serve as a
basic database for the treatment of fractures in wild mam-
mals in Korea.
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