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RESUMO.- [Osteossíntese de fratura localizada no 
membro torácico num Lobo Ibérico (Canis lupus sig-
natus) selvagem e sua reabilitação.] O objetivo do pre-
sente artigo é a descrição da realização da estabilização de 
uma fratura cominutiva exposta do rádio e ulna do mem-
bro torácico direito em Lobo Ibérico selvagem por meio de 
osteossíntese com placa e parafusos ósseos bem como o 
manejo pós-operatório. A evolução da cicatrização da fra-
tura óssea foi similar à esperada num canídeo doméstico 
de porte idêntico. A intervenção cirúrgica realizada rapida-
mente, bem como o alojamento adequado, alimentação e 
manejo adaptado a um lobo selvagem, visando minimizar 
a manipulação e o aparecimento de possíveis complica-
ções pós-operatórias permitiram o sucesso na reabilitação 
e posterior libertação do animal. Na 10ª semana pós-ope-
ratória foi colocado um colar GPS no animal para deteção 
permanente da sua localização, tendo sido o animal liber-
tado na mesma área onde havia sido capturado. Os dados 
obtidos por telemetria GPS demostraram que o lobo per-
correu distâncias consideráveis, confirmando a completa 
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recuperação do membro torácico direito e o sucesso da sua 
reintrodução na natureza. Este artigo poderá constituir a 
primeira descrição pormenorizada sobre a estabilização de 
fratura de ossos longos em um lobo selvagem com a sua 
posterior reintrodução na vida selvagem com sucesso.
TERMOS DE INDEXAÇÃO: Lobo Ibérico, Canis lupus signatus, rá-
dio, ulna, fratura, osteossíntese, reabilitação.

INTRODUCTION
The Iberian Wolf Canis lupus signatus (Cabrera 1907) is a 
subspecies of grey wolf slightly smaller (140cm length, 70-
80cm height, 35-55kg weight) than the ones from north-
ern latitudes (Álvares 2004), currently mainly restricted to 
northern Portugal and northwestern Spain and estimated 
in approximately 2000 individuals, from which about 80% 
occurs in Spain and 20% in Portugal (Blanco et al. 2009). In 
Portugal, the wolf is fully protected by both national and in-
ternational legislation and listed as “Endangered” (Álvares 
2004).

However, as in most of their worldwide range, wolves in 
Portugal still suffer a high illegal mortality due to human-re-
lated causes as a result of conflict with human interests 
motivated by frequent depredation on livestock (Álvares 
2004). The high conservation value of this carnivore is also 
enhanced by the existence of isolated and small population 
nuclei, where rescuing potential breeding adults can be 
crucial to assure long-term population viability.

Bone fractures in wolves can be caused by natural causes 
(ex. prey-inflicted injuries), and mainly by human-related 
activities (ex. traffic accidents, illegal trapping) or captures 
for scientific purposes (Mech & Boitani 2003, Arnemo et al. 
2006, Frame & Meier 2007), which could lead to the animal 
death or to a limited locomotor functionality, especially in 
bone limbs which can hamper the wolf biological require-
ments for covering wide ranges and hunt large prey. Howe-
ver, there are studies based on osteological collections from 
free-ranging wolves demonstrating successful ossification 
of old fractures (Wobeser 1992, Kreeger 2003). 

As there are few data published concerning traumatic ske-
letal lesions and their treatment in wolves (Bush et al. 1975, 
Kielbowicz et al. 2003), in this case report, a thoracic limb 
fracture repair in a free-ranging Iberian Wolf is presented 
with its successful rehabilitation and release into the wild.

CASE REPORT
A free-ranging female Iberian wolf, 2-4 years-old and 30 kg in 
weight, was found injured in a trap in February 2012 in the north-
west region of Portugal (41o 55’ N 8o 15’ W), with a suspected frac-
ture of its right thoracic limb. The animal was immobilized by dart 
sedation with ketamine (Imalgene®, Merial, France) (4.0mg/kg) 
and medetomidine (Domitor®, Merial, France) (0.8mg/kg) based 
on the weight of an adult wolf, and immediately transported to the 
Veterinary Hospital of UTAD in Vila Real, Portugal. The animal was 
anesthetized by IM administration of morphine (Morphine 2%®, 
B. Braun, Germany) (0.2mg/kg), ketamine (1mg/kg), (Midazo-
lam B. Braun, B. Braun, Germany) midazolam (0.2mg/kg) and 
dexmedetomidine (Dexdomitor®, Zoetis, Finland) (0.01mg/kg). 
Propofol (Propofol-Lipuro 2%®, B. Braun, Germany) (EV bolus) 
was used for endotracheal intubation and isoflurane 1.5% to 2% 
in oxygen for maintenance.

The wolf presented 39.2ºC, normal mucous membranes, a 
heart rate of 120/min and mild dehydration. Hematocrit and 
blood biochemistry were normal except for aspartate aminotrans-
ferase (AST) which was elevated (309 U/L) (Kreeger 2003) with 
a suspected early stage of rhabdomyolysis due to high AST values 
and mild coloured urine.

A comminuted radial fracture associated to an ulnar dia-
physeal fracture was confirmed (Fig.1A). Therefore, following a 
lateral approach, a prompt fracture reduction and fixation was 
performed by intramedullary (IM) Steinmann pin in ulna and an 
10 holes 3.5mm DCP (Dynamic Compression Plate) plate (AES-
CULAP®, B. Braun, Germany) was contoured to the cranial aspect 
of the radial diaphysis for application in a buttress function for 
radius stabilization with a reducible fragment stabilized through 
a 2.7mm lag screw (Fig.1B). A cancellous bone autograft was 
loosely packed directly along the fracture lines before wound 
closure. The wound was then closed in three-layers using a 0 or 
2.0 mid-term synthetic absorbable monofilament suture – glycon-
ate (Monosyn®, B. Braun, Germany): the deep antebrachial fascia 
and the superficial/subcutaneous fat tissue with interrupted cru-
ciate sutures pattern and the skin with a continuous subcuticular 
suture pattern.

In the immediate post-operative period the wolf was kept in 
a metal cage (115x70x70cm in length, depth and height, respec-
tively) inside the hospital facilities for easier handling and restric-
tion of movement, with a central division allowing cleaning pro-
cedures without removing the animal. The surrounding area was 
shielded from the wolf’s direct vision and the cage sealed against 
noise.

During these first days the wolf was kept under Ringers Lac-

Fig.1. Radiographic images of the diaphyseal radial comminuted 
fracture associated to a midshaft short oblique ulnar diaphy-
seal fracture of the right thoracic limb in the (A) pre-operative 
period, (B) in the immediate post-operative period, and (C) 
at the 10th post-operative week when the wolf was released 
into the wild.
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tate (Labesfal, Portugal) (5-10ml/kg/hour SC) and different food 
was offered: high calorie dog food (a/d® Canine/Feline Critical 
Care, Hill’s® Prescription Diet®, USA), meat, liver and small freshly 
slaughtered rodents and rabbits. Due to the wolf’s reluctance to 
eat, high calorie dog food and minced meat and liver softened 
with water and electrolytes was inserted into the wolf’s mouth 
through a syringe attached to a tube to promote some food in-
gestion. On days 2 and 4, AST had decreased (251U/L), with 
presenting all other blood parameters and standard urine type 
II presenting as normal. Post-operative medication consisted of 
cefovecin (Convenia®, Zoetis, USA) (8mg/kg SC day 1), clindami-
cine (Clincina®, Labesfal, Portugal) (10mg/kg PO BID or SC days 
2 to 10) and carprofen (Rimadyl®, Pfizer Animal Health) (2.2mg/
kg PO day 2 to 14) and deworming with an association of 165mg 
praziquantel, 504mg pyrantel and 525mg febantel (Drontal® Plus 
XL, Bayer, UK) (1 tablet PO day 5).

At day 6 the animal started to eat by itself, so it was moved to a 
larger cage (180x70x85cm) and at day 25 to an exterior chamber 
(5.14x1.85x2.65m), using the same sedation method and unre-
stricted ambulation was allowed after this period. An X-ray exam 
of the operated limb and abdomen were obtained at that time. 
This chamber was adapted especially for this wolf, consisting of 
four brick walls with a door, a peephole for feeding and another 
for shooting anesthetics darts. Half of the area of the ceiling con-
sisted of a metalized net and the other half was covered. A surveil-
lance camera with night vision allowed evaluating the behavior 
of the wolf and the progressive use of the operated limb. In this 
chamber, the wolf usually remained inactive during the day, feed-

ing only at night after all human activity ceased in the center. Food 
intake increased to a maximum of 1.5kg of meat with bone per 
day and water was provided ad libitum. The wolf started to weight 
bearing cautiously the treated limb around the 3rd post-operative 
week and supported its full weight on the right thoracic limb be-
tween the 6th and 8th post-operative weeks.

From the 8th post-operative week, the wolf started to make re-
peated attempts to escape during the night, trying to jump over the 
wire netting and to destroy the top metallic mesh with the teeth, 
and to scrape the cement coating floor of the outdoor housing 
place. Since at this time point the general animal’s status despite 
its continuous stress, was regular, as well as the fracture healing 
process, and to prevent the animal from hurting himself during 
these escape attempts, it was decided to release the wolf back in 
the wild around the 10th post-operative week (day 66). After dart 
sedation, an X-ray exam was performed to confirm the fracture 
healing and the ulna IM pin was removed (Fig.1C) to minimize 
the possibility of triceps tendon injury caused by the proximal pin 
point, and after a small incision in the skin over it, and the animal 
transported to the original capture location for release. A GPS te-
lemetry collar (Model Pro Light, Vectronic Aerspace GmBh, Berlin, 
Germany), was deployed on the wolf, which showed that after re-
lease in the wild (Fig.2) the animal covered increasingly large dis-
tances and areas, confirming a complete recovery of its right tho-
racic limb (Fig.3). The wolf was monitored for a total of 343 days 
(approximately 11 months), travelling a total distance of 2709km 
with a daily average distance of 8km (maximum 19km; minimum 
0km) and covering a total area of 750km2 (Rio-Maior et al. 2016, in 
publication). Approximately one year after being released into the 
wild the wolf was illegally shot, weighting 33.8kg and presenting 
a favorable overall physical and health status at the time of death.

DISCUSSION AND CONCLUSION
The current literature provides scarce information about 
treatment of traumatic skeleton lesions on adult free-rang-
ing wolves and post-operative care best suited to a muscu-
loskeletal trauma in this species. In this clinical case a free-
ranging female Iberian wolf was found with a traumatic 
injury of its right thoracic limb. The animal’s inability to 
support the affected limb associated to a visible instability 
and the limb swelling gave strong suspicious of a possible 
situation of a fracture of the radius and ulna. For these rea-
sons, the animal was chemically immobilized as described 
and immediately transported by car under sedation and in 
a restraint-cage to Veterinary Hospital from UTAD for sub-
mission to fracture evaluation and stabilization. The animal 
arrived still under sedation and was put under Ringers Lac-
tate EV infusion in the right medial saphenous vein. A thor-
ough clinical examination, routine hematological and bio-
chemical analysis and X-ray exams to the affected thoracic 
limb, thorax and abdomen were performed after the ani-
mal has been anesthetized. The pre-operative radiographic 
exams confirmed a compound fracture of the right thoracic 
limb composed by a middle-diaphyseal radial comminuted 
fracture associated to a midshaft short oblique ulnar dia-
physeal fracture. Because of the risk of an exposed fracture 
to infection and the impossibility of a conservative stabi-
lization management after the animal’ anesthetic recover, 
it was decided to perform immediate surgical stabilization.

The comminuted pattern of this fracture made it unsuit-
able for IM pin and cerclage wire repair with requires ana-

Fig.3. Daily movement distances covered by the injured wolf dur-
ing the first 30 days after its release.

Fig.2. Release of the Iberian Wolf (Canis lupus signatus) at the 
10th post-operative week after its successful rehabilitation, 
fitted with a GPS collar for post-release monitoring (© Ricardo 
Brandão).
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tomic reconstruction of the bone fragments. Also radius is 
not as amenable to IM pin fixation as the other long bones 
as it is relatively straight and covered at both extremities 
by articular cartilage and the bone marrow cavity is cran-
iocaudal diameter (Piermattei et al. 2006). External skel-
etal fixation could be considered a good option in small 
companion animals (dog, cat) but for this case it would be 
a poor surgical treatment option due to the postoperative 
management of the external fixator frame in a wild aggres-
sive animal (Martinez & DeCamp 2012). So, bone plating 
should be the internal fixation technique of choice for this 
clinical case since cranial placement of the plate has been 
the most widely used method for all diaphyseal radial frac-
tures, because it is easily accessible and provides a broad 
and only slightly curved surface (Harrison 1984, Johnston 
et al. 2012).

The fracture stabilization technique was selected ac-
cording the recommendation of Piermattei et al. (2006) and 
a lateral approach to the shaft of radius was chosen since the 
positioning of the animal in lateral recumbency was more 
convenient to access simultaneously the shaft of radius and 
ulna and for the posterior obtainment of autogenous can-
cellous bone graft from the right proximal humerus (Pier-
mattei & Johnson 1993). In a first step, the ulnar fracture 
was reduced and fixated with an intramedullary Steinmann 
pin applied by retrograde insertion in support of the radial 
fixation and secondly, the radial fracture was reduced with 
resource to bone-holding forceps and DCP compression 
plate in a buttress function with a reducible fragment of the 
comminuted radial fracture stabilized through a 2.7mm lag 
screw before the application of the bridging plate.

During the post-operative period, the sequential radio-
graphic results confirmed good progression of the fracture 
healing process. The biologic assessment selected for this 
fracture stabilization with an internal bridging osteosyn-
thesis, minimizing the attempt to reduce the bone frag-
ments, and the application of an autogenous cancellous 
bone graft was found favourable for the successful out-
come of this case. This biological osteosynthesis option, as-
sociated to the animal’s movement control during the first 
post-operative weeks, surely helped reducing the imposed 
stress on the bone plate and consequently diminishing the 
probability of an implant failure during the fracture healing 
process.

During the post-operative period, great importance was 
also given to the wolf feeding, hydration, analgesia, band-
ages and size of the cages, increasing the dimensions as 
the handling of the animal was decreased. The interven-
tions that involved direct handling were always made un-
der chemical restraint using a combination of morphine, 
dexmedetomidine and ketamine administered IM through 
dart. The animal was examined daily and its welfare moni-
tored during the entire duration of the indoor and outdoor 
housing period.

Our experience with this clinical case has shown that in-
ternal osteosynthesis of the bone fracture and minimal in-
teraction with humans after the intensive care phase were 
good options and promoted the animal’s spontaneous in-
take of food and reduced stress. However, the risk of injury 

derived from attempts to escapes was high, so the post-
-operative period was kept to a minimum, so early return 
to the wild was recommended. In fact, reducing stress is 
a key factor for the success rehabilitation of similar cases. 
The potentially adverse effects of stress on animal well-
-being and survival have long been recognized (Sapolsky 
1990, Teixeira et al. 2007), and should be a major focus for 
wildlife researchers. Captivity period must be reduced to a 
minimum in order to avoid stress with additive or cumu-
lative effects on animals (Sapolsky 1990). In a process of 
capture-captivity-release there are many potential sources 
of stress: capture, captivity, veterinary examinations, trans-
portation from/to nature, release and adaptation to the 
natural environment, which includes the social adaptation 
to the conspecifics already established in their territories 
and the physical fitness for hunting. In all these phases, it 
should be guaranteed an extreme care in order to reduce 
external stress factors on the injured animal.

The successful experience obtained with this case could 
constitute acquired knowledge for the recuperation of si-
milar clinical cases involving free-ranging wolves and other 
large carnivores, which becomes highly relevant, mainly for 
two reasons; a conservation perspective for recovering po-
tential breeders in endangered populations or for an ethi-
cal point of view to prevent an often long and traumatic 
captivity for wild-born adult wolves.
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