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Abstract
Two springboks were diagnosed with chronic osteomyelitis of the metatarsus of the left hindlimb.
The springboks had both suffered open fractures of the metatarsus of the left hindlimb 12 weeks
and one week prior to presentation. External coaptation had initially been used to give stability and
encourage fracture healing. This had proved unsuccessful in both cases and an infection and
osteomyelitis had developed at the fracture sites. Two amputations had been subsequently
performed in case 1 but had failed to resolve infection of the skin and subcutaneous tissues. An
osteomyelitis of the underlying metatarsus had developed. No treatment apart from external
coaptation had been performed before referral in case 2. Surgical amputation of the metatarsus and
tarsus was performed as salvage procedures in both cases. The springboks adjusted to the loss of the
left tarsus and metatarsus with no orthopaedic disorders at re-examinations 12 months after
surgery.

Background
Reports of appendicular skeleton fractures in small antelopes are unusual in the veterinary
literature.1–6 There are no previous reports of fracture fixation or amputation to treat fractures of
the appendicular skeleton in springboks.

Case presentation
Case 1
A three-year-old female springbok, kept as a partially domesticated animal, was presented to the
Onderstepoort Veterinary Academic Hospital (OVAH) for evaluation of a chronic non-healing
amputation site at the left metatarsus region of approximately 12 weeks’ duration. The owners had
reported that the springbok had been rejected by its mother at birth and had subsequently been
hand-reared on their farm becoming partially domesticated in the process. An open comminuted
fracture of the left metatarsus had occurred 12 weeks prior to presentation after a male springbok
had kicked her. Attempts to stabilise the fracture by external coaptation had failed. A fracture site
infection had subsequently developed and two attempts to resolve the infection by amputation at
the level of the mid-metatarsus had failed.
Clinical examination at presentation revealed the springbok to have normal clinical parameters and
mentation although to be mildly agitated. Palpation of the amputation site at the left metatarsus
revealed a malodorous proximal mid-metatarsus with purulent discharge and necrosis of the skin
and subcutaneous tissues evident. The temperature of the skin and subcutaneous tissues at the
amputation site was cold. The limb distal to the proximal mid-metatarsus was absent, consistent
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with the history of previous amputations. No other abnormalities were evident on a general physical
examination.
An osteomyelitis of the left metatarsus and infection of the skin and subcutaneous tissues was
suspected and a decision to perform a radiographic evaluation of the left metatarsus region under
general anaesthesia was made.
Case 2
A two-week-old female springbok, kept as a partially domesticated animal, was presented to the
OVAH for evaluation of a fracture of the left metatarsus region. The springbok was kept on a small
farm of approximately 7 ha with 10 other springboks and five Burchell’s zebras (Equus quagga
burchelli). One of the zebras had kicked the springbok resulting in the fracture approximately seven
days prior to presentation. An open comminuted fracture had been suspected and stabilisation of
the fracture using external coaptation had been attempted. An infection of the skin and
subcutaneous tissues surrounding the fracture site had subsequently developed.
Clinical examination at presentation revealed the springbok to have normal clinical parameters and
mentation. Palpation of the left metatarsus revealed a complete open mid-metatarsus fracture to be
present. A significant malodour was associated with the fracture site and both purulent discharge
and necrosis of the skin and subcutaneous tissues were evident (figure 1). No other abnormalities
were evident on a general physical examination. An osteomyelitis of the left metatarsus and
infection of the skin and subcutaneous tissues was suspected and a decision to perform a
radiographic evaluation of the left metatarsus region under general anaesthesia was made.

Figure 1. The left metatarsus of the springbok in case 2 at presentation. The open comminuted fracture of the
mid-metatarsus is evident. Extensive soft tissue swelling and necrotic subcutaneous tissue are visible.
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Investigations
Case 1
An intravenous catheter was aseptically placed in the left jugular vein and the springbok was
sedated with 0.05 mg/kg bodyweight (bwt) intravenous medetomidine hydrochloride (Domitor,
Zoetis, Sandton, South Africa) and 7.5 mg/kg bwt intravenous ketamine hydrochloride (Ketamine,
Fresenius Kabi, Midrand, South Africa). General anaesthesia was induced using 1 mg/kg bwt
intravenous propofol (Propofol, Fresenius Kabi) and 0.3 mg/kg bwt intravenous diazepam (Valium,
Roche, Sandton, South Africa) after which the springbok was intubated and transferred to the
imaging suite. Anaesthesia was subsequently maintained with 15 mg/kg bwt 3 per cent isoflurane
(Isofor, Safeline Pharmaceuticals, Roodepoort, South Africa).
The radiographic evaluation (figures 2 and 3) revealed structural changes of the remaining left
metatarsus consistent with osteomyelitis. These included areas of bone resorption with regions of
radiolucency in the medulla of the proximal mid-metatarsus. A radiographic evaluation of the right
metatarsus was also performed to allow for comparative measurements to be obtained and
production of a prosthesis if required in the future.

Figure 2. A lateromedial radiograph of the left tarsus and previous amputation site at the left metatarsus of
case 1. Lysis of the medullary cavity of the metatarsus is evident consistent with osteomyelitis.
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Figure 3. A dorsoplantar radiograph of the left tarsus and previous amputation site at the left metatarsus of
case 1. Lysis of the medullary cavity and sclerosis of the remaining metatarsus are evident, consistent with
osteomyelitis.

A provisional diagnosis of osteomyelitis of the proximal mid-left metatarsus was made and surgical
excision via amputation at the level of the tibiotarsal joint under a general anaesthesia protocol was
subsequently decided upon. This amputation site was selected to allow for the placement of a
prosthesis which was planned as a second surgical procedure.
Case 2
An intravenous catheter was aseptically placed in the left jugular vein and general anaesthesia was
induced using 7.5 mg/kg bwt intravenous ketamine hydrochloride (Ketamine; Fresenius Kabi) and
1.5 mg/kg bwt intravenous midazolam (Midazolam; Wildlife Pharmaceuticals, White River, South
Africa). This anaesthesia regime was selected due to the very young age of the animal, which made it
more tractable and easier to handle than the animal in case 1.
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Intubation was performed and anaesthesia was maintained with 15 mg/kg bwt 2 per cent isoflurane
(Isofor, Safeline Pharmaceuticals). The springbok was transferred to the imaging suite.
The radiographic examination (figure 4) revealed a comminuted mid-metatarsus fracture with
significant craniomedial displacement of the distal limb. There was evidence of osteomyelitis of the
mid to proximal metatarsus with areas of bone resorption and regions of radiolucency in the
medulla of the metatarsus. Significant soft tissue swelling was evident at the fracture site.

Figure 4. A dorsoplantar radiograph of the left metatarsus at time of presentation in case 2. Soft tissue
swelling and osteomyelitis of the proximal metatarsus are evident.

Due to a poor prognosis for fracture fixation, a decision to perform amputation at the level of the
tibiotarsal joint was made. The amputation site was selected to allow for the placement of a
prosthesis at a later date as in case 1.

Treatment
Case 1
The general anaesthesia protocol was continued and the springbok moved to the operating room.
Preoperative medication included 10 mg/kg bwt subcutaneous amoxicillin clavulanic acid
(Augmentin, GlaxoSmithKline, Johannesburg, South Africa) and 0.6 mg/kg bwt subcutaneous
meloxicam (Metacam, Boehringer Ingelheim, Randburg, South Africa). A tibial nerve block was
performed using 0.13 mg/kg bwt ropivacaine hydrochloride (Naropin, AstraZeneca, Sandton, South
Africa) and 0.1 mg/kg bwt intramuscular morphine sulphate (Morphine, Akacia Health Care,
Kempton Park, South Africa) was administered as a further component of the analgesic regime. After
5

routine draping and skin preparation, a circumferential incision was made at the distal aspect of the
tibia. The gastrocnemius and superficial digital tendons were transected and disarticulation of the
tibiotarsal joint was performed with sharp dissection. The tarsus and proximal aspect of the
metatarsus were amputated and a skin flap created. The gastrocnemius and superficial digital
tendons were sutured to the subcutaneous tissue on the cranial aspect of the tibia using polyglactin
910 (Vicryl, Ethicon, Cincinnati, USA) in a simple interrupted suture pattern. The subcutaneous tissue
and skin were then closed in two layers. The subcutaneous tissues were closed using polyglactin 910
(Vicryl, Ethicon) in a combination of simple and horizontal mattress suture patterns. The skin was
closed using polypropylene (Ethilon, Ethicon) in a simple interrupted suture pattern as previously
described.7 A radiographic evaluation was performed at the completion of the surgical procedure
(figure 5). A modified Robert Jones dressing was placed at the amputation site and the springbok
discharged. The owners were requested to maintain the dressing at the amputation site and to have
the skin sutures removed 12 days postoperatively. Postoperative medication included 10 mg/kg bwt
subcutaneous amoxicillin clavulanic acid (Synulox, Pfizer, Sandton, South Africa) once daily and 0.6
mg/kg bwt subcutaneous meloxicam (Metacam, Ingelheim Pharmaceuticals, Randburg, South Africa)
once daily for a 72-hour period.

Figure 5. A lateromedial radiograph of the left tibia after amputation at the level of the tibiotarsal joint in case
1.
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The surgical site healed uneventfully and the skin sutures were removed as requested 12 days
postoperatively.
Case 2
The surgical approach and technique was the same as in case 1 (figure 6). Postoperative care
included 2.5 mg/kg bwt/hour intravenous fluid therapy (Ringers Lactate; Fresenius Kabi) for a 24hour period, 0.1 mg/kg bwt intravenous butorphanol tartrate (Butorphanol; Kyron Laboratories,
Johannesburg, South Africa) once daily for a 24-hour period, 10 mg/kg bwt subcutaneous amoxicillin
clavulanic acid (Synulox; Pfizer) once daily for a 72-hour period and 0.6 mg/kg bwt subcutaneous
meloxicam (Metacam, Ingelheim Pharmaceuticals) once daily for a 72-hour period.

Figure 6. A lateromedial radiograph of the left tibia after amputation at the level of the tibiotarsal joint in case
2.

Outcome and follow-up
Case 1
Twelve months later, the springbok was clinically unremarkable with a normal appearance to the
distal tibia, no residual swelling and no drainage (figure 7). No related orthopaedic or medical
problems were identified and the quality of life as judged by the owner was good. The owner felt
that amputation had not affected the comfort or sociability of the springbok. Furthermore, there
was no evidence of a decrease in interaction with the owners, no deterioration in the ability of the
springbok to manoeuver, no decrease in stamina during exercise and no changes in the general
attitude of the springbok after amputation. In view of the excellent progress shown by the springbok
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in the postoperative period and the satisfaction of the owners with the amputation, the second
surgical procedure to place the prosthesis was declined.

Figure 7. The springbok in case 1, twelve months after surgery; from (A) back and (B) side.

Case 2
Twelve months later, the springbok was clinically unremarkable with a normal appearance to the
distal tibia, no residual swelling and no drainage. As in case 1, no related orthopaedic or medical
issues had been identified and the quality of life as judged by the owner was good. The owner felt
that amputation had not affected the comfort or sociability of the springbok. Furthermore, there
was no evidence of a decrease in interaction with the owners, no deterioration in the ability of the
springbok to manoeuver, no decrease in stamina during exercise and no changes in the general
attitude of the springbok after amputation. In view of the excellent progress shown by the
springbok, postoperatively and the satisfaction of the owners with the amputation, the second
surgical procedure to fit the prosthesis was declined as in case 1.

Discussion
Fractures of the appendicular skeleton in small antelopes have been infrequently reported in the
veterinary literature.3 5 6 8 9 Reports of surgical treatment of springbok are especially rare.10 There are
no previous reports of osteomyelitis or fractures in the springbok and no reports of either surgical
amputation or detailed anaesthetic regimes. This paper reports the first confirmed cases of
osteomyelitis of the metatarsus in springboks treated by surgical excision performed under general
anaesthesia.
Amputation of the distal limbs in small animals has been widely reported as a common treatment for
osteomyelitis and ischaemic necrosis.11–14
Open fractures are the most common aetiology of adult human osteomyelitis, with the tibia often
implicated.14 An open fracture of the left metatarsus was the initial clinical problem, leading to
osteomyelitis, in both the springboks in this case series. The cause of both fractures in this series was
trauma due to kick wounds from other animals which has not been previously reported. Fractures in
springbok have however been associated with darting.15 Due to their small size and wary nature,
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chemical restraint from a distance is usually required and darting is the preferred option for capture
of springbok.15Fracture fixation in both of these cases at the time of fracture may have prevented
the salvage amputation subsequently performed.
Clinical signs of chronic osteomyelitis include inflammation of the soft tissues in the area and the
animal is often feverish, depressed and partially anorexic.16 Other clinical signs of systemic disease
are frequently lacking and haematological abnormalities are usually mild or absent.16These findings
correlated with the clinical findings in these cases where the owners reported partial anorexia and
some depression but no evidence of fever or other evidence of systemic disease.
Radiographic evidence of chronic osteomyelitis includes lysis of the medullary cavity, sequestra and
the development of involucrum with sclerosis and lysis becoming interspersed throughout cortical
and medullary bone at the site of infection.16 17The initial radiographic evaluation of the left
metatarsus in both cases revealed lysis and sclerosis of the medullary cavity consistent with
osteomyelitis.3
Amputation of a limb is frequently recommended in small animal veterinary medicine as a
component of treatment protocols for neoplasia, traumatic injury, peripheral neuropathies, vascular
compromise, infection, or disability resulting from degenerative or congenital processes.11–13 18–20
Amputation was deemed to be the most appropriate surgical procedure to treat the osteomyelitis in
both these springboks. Full limb amputation of a pelvic limb in dogs is normally recommended and
performed by either disarticulation of the limb at the coxofemoral joint or osteotomy of the femur
at the mid-diaphysis.20 These amputation sites are normally selected with the aim of reducing
unnecessary weight that the animal must carry and reducing the incidence of pressure sores
developing.20 A more distal amputation site was selected for both the springboks in this case series
with amputation performed at the tibiotarsal joint level. This site was selected to allow for the
placement of a prosthesis at a second surgery. Interestingly, neither springbok developed pressure
sores at the amputation sites and had no complications with the weight of the amputation site. The
athletic ability of springboks has been previously reported with leaps of 2 m and speeds of up to 88
km/hour recorded.21 It is our opinion that this athletic ability allowed the springboks in this case
series to adapt well to the amputation and that the surgical site was high enough to prevent contact
between the amputated limb and the ground.
Most dogs and cats adapt well and quickly after a limb amputation although having obvious gait
abnormalities.22–25 The springboks in this series also adapted very quickly to the amputation but
maintained a gait abnormality. Despite the success of adaptation in dogs, many dog owners are
reluctant to pursue surgery.26 The owners of the springboks in this case series were totally
committed to the surgical procedure although careful counselling of the owners and their
connections was performed before the springboks were referred. Additionally, the amputations
were discussed as a first line of treatment, with a second surgical procedure initially planned to place
a prosthesis in both cases, which may have reassured the owners of the springboks. Owner anxiety
exists even though limb amputation frequently represents the safest, least demanding and most
cost-effective treatment option for a variety of pathological changes affecting canine limbs.25 In a
survey conducted in 1999, the most common owner concerns about limb amputation included
cosmetic appearance and reduced mobility after surgery.24 The owners of the springboks in this case
series were not concerned about the cosmetic appearance but very concerned about reduced
mobility after surgery. Their concerns reduced with time postoperatively as adaptation by each
springbok to the amputation developed.
Contraindications to limb amputations most commonly cited among veterinarians include extreme
obesity or coexisting orthopaedic or neurologic disease.20 24 26 The animals in this case series were in
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good body condition with no evidence of obesity and had no coexisting orthopaedic or neurological
disorders.
Force plate analysis has shown that the loss of a limb in dogs caused significant changes in the
ground reaction forces and contact times of the remaining limbs as well as in the dog’s centre of
gravity, with greater changes seen with thoracic limb versus pelvic limb amputation.7 24 These
findings were explained to the owners and referring veterinarians of the springboks in this case
series who monitored the remaining three limbs very carefully in the 12 months after surgery. No
adverse effects became evident or were reported, although facilities for force plate analysis were
not available at the OVAH or at the clinics of the referral veterinarians.
Postoperative management of antelopes is challenging with handling and dressing changes resented
even in partially domesticated springbok. Additionally, there are few studies considering
complications after amputation. A retrospective evaluation of 67 amputations in dogs and cats
revealed a 20.9 per cent postoperative infection or inflammation wound complication rate and a 9
per cent infection rate.7 Age was the only significant predictor of postoperative infection or
inflammation following pelvic or thoracic limb amputation when univariate analysis was performed
and remained significant after multivariate logistic regression.13 Springboks have been reported to
have a lifespan of up to 19 years in captivity20 so the springboks in this case series were not regarded
as aged.
Only a small number of studies have assessed predictive factors for surgical site infection or
inflammation in small animal surgery. One study found predictive factors included duration of
anaesthesia, duration of postoperative intensive care unit stay, wound drainage, increased
bodyweight, dirty surgical site and antimicrobial prophylaxis.27 Both the springboks in this case series
had dirty surgical sites and relatively long anaesthesia durations to allow both diagnostic and
therapeutic interventions under the same anaesthesia regime. Neither springbok was judged as
overweight and no drainage was evident from either amputation site in the postoperative period.
The duration of postoperative intensive care unit stay was minimised in both cases with case 1
returning home immediately after surgery and case 2 returned home three days after surgery.
Another study evaluating dogs and cats found entire males, animals with endocrinopathies and
longer total surgery and anaesthesia times led to an increased risk of developing a postoperative
infection.28 Brown et al29 reported that longer surgery time, and if surgical sites were clipped before
anaesthesia, increased the risk of wound infection in dogs and cats. Neither springbok in this case
series was male, had evidence of endocrinopathy and neither surgical site was clipped before the
use of anaesthesia. Beal et al30 reported that duration of anaesthesia was a significant risk factor for
postoperative wound infection, independent of the duration of surgery in dogs and cats. An
increased risk of infection and inflammation was found in the use of staples versus sutures for skin
closure following cranial cruciate ligament surgery in dogs,31 although another study reported that
closing skin with staples was associated with decreased inflammation rates.32 The skin was closed
with sutures in both cases and no surgical site infections were encountered.
Anaesthesia protocols of antelopes have been poorly reported and owners or referring veterinarians
are often concerned that an antelope with a fracture will not tolerate the anaesthesia necessary to
allow amputation or fracture fixation. Antelopes are prone to regurgitation, especially if animals are
not starved prior to anaesthesia, and intubation is recommended in procedures lasting longer than
one hour.33 Both springboks were intubated and no regurgitation was evident in either case.
Salivation, vomiting and tympany are common side effects of α2-adrenoceptor agonists such as
medetomidine and xylazine in antelopes.34 These side effects are usually more pronounced in lateral
recumbency. Medetomidine was used as a component of the sedation regime in case 1 and both
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springboks were placed in lateral recumbency for the surgical procedures. No side effects were seen
in either case.
Due to the risk of using highly potent opioids in clinical settings, animals are often anaesthetised
with a combination of medetomidine, ketamine, diazepam and/or midazolam as in these cases.
Intravenous fluid therapy was used as a component of the postoperative therapeutic protocol in one
of the cases described due to concerns regarding the age of the patient.
Surgical amputation was used to successfully treat extensive osteomyelitis of the metatarsus in both
springboks in this case series.
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