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Introduction

The ankle joint bears the highest stress of all the extremity
joints in man1 and it is estimated that 1% of the global
population is affected by osteoarthritis of this joint.2 Where
medical management is ineffective and recalcitrant pain is
present, total ankle arthroplasty has been developed in
humans over the past 30 years in an attempt to maintain
ankle range of motion and function which are factors miti-
gated by arthrodesis; the latter of which may result in
inferior function.3 Long-term review of newer generation
system outcomes has found good to excellent results in 82%
patients with two-component designs.4 Newer three-com-
ponent designs which incorporate a mobile bearing or ‘me-
niscus’ onmeta-analysis showa 5-year prosthesis survival of
90.6%.5

Osteoarthritis of the talocrural joint is similarly described
in dogs and is commonly associated with osteochondrosis of
the talus.6,7 Canine talocrural hemiarthroplasty using a
custommanufactured implant has been described.8 The first
talocrural total arthroplasty; the BioMedtrix Canine Total
Ankle Replacement (BCTAR, BioMedtrix, Whippany, New
Jersey, USA) (►Fig. 1) was first implanted clinically in
20159 and is a cementless semi-constrained cartridge devel-
oped utilizing the same drill-and-mill technology for bone
preparation as the BioMedtrix TATE elbow.10 Design mod-
ifications to both the implant–bone interface fixation and
surgical technique have evolved from those of the TATE
elbow, including the use of hollow fixation posts that expand
when bolts are placed to secure the implant and a starter and
finisher milling arm to make final milling of the bone more
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Abstract This case report describes distal tibiofibular arthrodesis as a technique for achieving
increased confluent bone support for the placement of oversized arthroplasty compo-
nents for talocrural arthroplasty in an 18-month-old Labrador Retriever with talocrural
osteoarthritis secondary to talar osteochondrosis. Computed tomography assessment
for suitability for BioMedtrix canine ankle replacement surgery revealed the tibia to be
undersized relative to the tibial component. Distal tibiofibular arthrodesis was per-
formed to increase lateral bone support to permit placement of an otherwise oversized
prosthesis. Subjective assessment of outcome with owner Liverpool Osteoarthritis in
Dogs questionnaire to 6 months postoperatively as well as radiological assessment to
4 months postoperatively documented significant improvement in lameness in the
operated limb with no complications. Distal tibiofibular arthrodesis is ameans by which
to achieve increased bone support prior to BioMedtrix canine total ankle replacement
surgery. The surgical technique described herein permitted placement of an oversized
talocrural prosthesis in this patient with good clinical function. This technique may
permit use of this arthroplasty system in otherwise undersized patients until such a
time that smaller implants are available from the manufacturer.
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accurate. A phase II clinical trial is currently underway of the
BCTAR. A published clinical series assessing outcome of this
arthroplasty system is lacking, although abstract presenta-
tion of pilot clinical cases has been encouraging.9 Currently,
only one size of this arthroplasty system, is available for use
in dogs.

This case report describes distal tibiofibular arthrodesis
and BCTAR surgery. Arthrodesis was performed to provide
adjunctive bone support to a tibial component that was
otherwise oversized for the patient to be able to proceed
with BCTAR.

Case Report

An 18-month-old female neutered 33 kg Labrador Retriever
presented with a 5-month history of progressive left pelvic
limb lameness. Clinical examination by its veterinarian had
revealed left hock soft tissue swelling, pain on palpation and
joint effusion. Radiographs had been performed that had
revealed talocrural osteoarthritis, pronounced medial soft
tissue thickening, effusion andwidening of themedial aspect
of the talocrural joint suggestive of osteochondrosis of the
medial ridge of the talus (►Fig. 2A). Arthrocentesis of the
joint had been performed that had revealed moderate mac-
rophagic and mononuclear inflammation (nucleated cell
count of 2140 cells/μL, protein of 54 g/L) consistent with
chronic osteoarthritis. The dog had been prescribed melox-
icam (Metacam; Boehringer Ingelheim, United Kingdom)
0.1mg/kg every 24hours for 3 months but there had been
minimal improvement in lameness on this medication.

Physical examination revealed 6/10,11 left pelvic limb
lameness with moderate pain on full flexion of the left
hock joint, effusion and periarticular soft tissue thickening.

Range of motion of the joint, as assess with goniometry,12

was 70 degrees flexion and 165degrees extension. The re-
mainder of the clinical examination was unremarkable.

Computed tomography (CT) of the left hock (►Fig. 2B) was
performed with sedation; medetomidine (Sedator, Dechra Vet-
erinary Products, United Kingdom) 10 µg/kg, butorphanol
(Torbugesic, Zoetis, United Kingdom) 0.2mg/kg. This revealed
osteoarthritis of the talocrural joint with an osteochondral
defectof themedial trochlear ridgeconsistentwithosteochond-
rosis; fragmentation of talar ridge bone was not identified.

Clinicalfindingswere reviewedwith the owner of the dog.
Continued conservative management, pantarsal arthrodesis
and BCTAR were discussed as management options for this
case with the current evidence base and fair disclosure for
each therapeutic option being presented to the owner. The
client was keen to pursue BCTAR if possible, in an effort to
both preserve joint motion and improve patient lameness.

Review of the CT with reference to suitability of the case
for BCTAR was performed. The dimensions of the tibial and
talar components were assessed in relation to the tibial and
talar bone (►Fig. 3). This revealed the tibial component to be
wider that the width of the distal tibia in the dorsal plane
when accommodating a medial malleolar osteotomy to gain
access to the joint such that placement of the prosthesis
would have to encroach in the distal tibio-fibular osseous gap
and into �50% of the fibular width. Concerns regarding

Fig. 1 Design features of the BioMedtrix Canine Total Ankle Re-
placement. The assembled cartridge consists of tibial and talar
components with hydroxyapatite coated porous titanium ingrowth
surfaces, titanium nitride articular surfaces (talar) and ultrahigh
molecular weight polyethylene with vitamin E (tibial). Titanium
expansion bolts are advanced into expandable posts to secure the
implant. The temporary bolt guild is used to attach the prosthesis to
an inserter. Image courtesy: BioMedtrix.

Fig. 2 (A) Radiological changes in the left hock joint—there is soft
tissue thickening of the talocrural joint, especially medially and
osteophytosis. Subjectively, the medial portion of the tibiotalar joint
is widened (red arrow). (B) Computed tomographic changes in the left
hock joint—sclerosis of the distal tibia and talus is present as well as
osteophytosis, medial tibiotalar joint space widening and a defect in
the medial talar ridge on the sagittal view (yellow arrow).
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placement of the implant in this way related to a portion of
the lateral aspect of the tibial component not being sup-
ported by bone, being supported by both the tibia and fibular
risking micromotion along the tibial component–bone inter-
face and as such aseptic loosening, as well as the risk of distal
fibular fracture and associated lateral collateral ligament
insufficiency. As such, performing distal tibiofibular arthrod-
esis prior to arthroplasty was proposed in an effort to
improve confluent trabecular bone stock for support of the
tibial component.

Distal Tibiofibular Arthrodesis
The patient returned for arthrodesis surgery 2 weeks later.
Surgery was performed with general anaesthesia (medetomi-
dine5µg/kg intravenous [IV],methadone0.2mg/kg IV, propofol
—Propofol Plus, Zoetis, United Kingdom) and inhalational iso-
flurane (Isoflo, Zoetis, United Kingdom, in 100% oxygen). Ultra-
sound-guided left sciatic nerve block 0.1mg/kg levobupivicane
(Chirocaine, Abbvie, UK), paracetamol 10mg/kg IV (Perfalgan,
Bristol-Myers Pharmaceuticals, United Kingdom), meloxicam
0.1mg/kg IV (Metacam, Boehringer-Ingelheim, United King-
dom, cefuroxime, 20mg/kg every 90minutes) (Zinacef, Covis
Pharmaceuticals, United States) were administered concurrent-
ly. The skin over the left ilialwing and left pelvic distal limb from
stifle to digits was clipped and aseptically prepared and then
sterilely draped for surgery.

An autogenous corticocancellous bone graft was har-
vested from the left ilial wing using an acetabular reamer
(Universal Hip System, BioMedtrix, United States) via ap-
proach to the wing of the ilium.13 Thereafter, a lateral
approach to the distal fibular/lateral malleolus was per-
formed.14 The deep digital flexor tendon caudal to and
tendon of the peroneus longus cranial to the lateralmalleolus
were mobilized and retracted caudally and cranially respec-
tively. A sharp periosteal elevator and spinal burr (Hall
Surgairtome Two, Veterinary Instrumentation, United King-
dom) were used to scarify the bone and remove cartilage

from the distal tibiofibular syndesmosis extending from the
tibiofibular joint capsule both caudally and cranially as well
as proximally over 3 cm (►Fig. 4A). The graft was thenpacked
in to both caudal and cranial tibiofibular recesses, and the
soft tissues and skin were closed with 3.0 Monocryl and 4.0
Ethilon (Ethicon, Johnson & Johnson, Belgium) respectively.
The patient was discharged on oral meloxicam and the
recommendation for light lead exercise only for 6 weeks.

Six weeks postoperatively the patient was admitted for
left BCTAR. The day prior to this surgery the patient was
sedated as previously described and CT of the left distal
tibia/hock performed which, when compared with preoper-
ative CT, revealed evidence of progression of arthrodesis at
the site of grafting (►Fig. 4B, C).

BioMedtrix Canine Total Ankle Arthroplasty
The patient was anaesthetized, prepared and draped for
surgery of the left hock with the aforementioned protocol.
The left hock was instrumented as per a BioMedtrix video
that had been distributed to all surgeons undertaking their
phase II clinical trial.

Briefly, (and as illustrated in ►Fig. 5), the patient was
positioned in left lateral recumbency with the left pes on a
Mayo stand. An approach to the medial malleolus and
talocrural joint was performedwithmedial malleolar osteot-
omy14 with a sagittal saw (Collibri II, DePuy Synthes, United
Kingdom), with care taken to avoid damage to the medial
collateral ligaments. Inspection of the talus revealed amedial
talar ridge osteochondral defect; no loose flap of cartilage or
bone was present. Following visualization of the medial
aspect of the talus, a calliper was used to define the central
axis of rotation (COR) of theboneby placing the tip of one end
in the center of the talus and the other tip to trace the
circumference of the medial trochlear ridge. A hole was then
drilled through the COR of the talus using a 2mm drill bit
following which the COR post was placed through this hole
(►Fig. 5A). The alignment platewas slid over the COR and the

Fig. 3 Implant templating. (A) Mediolateral and craniocaudal dimensions of the tibial and talar components, measurements in millimetres.
(B) dorsal slice computed tomography (CT) showing the planned medial malleolar osteotomy (red), tibial (yellow) and talar (blue) components.
The tibial component is oversized relative to the tibia such that it crosses into the tibiofibular syndesmosis and 50% of the width of the fibula.
(C) Sagittal slice CT showing tibial (yellow) and talar (blue) components. Image courtesy (A): BioMedtrix.
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tibial extension of the alignment plate aligned with the
anatomical axis of the tibia. The alignment plate was then
attached to the tibia with two 2.4mm Ellis pins placed
through two drill cannulae, which were locked in the align-
ment plate with set screws (►Fig. 5B). The Ellis pins were
then locked to the drill cannulae with set screws. The hock
was then flexed such that a 2.4mm Ellis pin placed through
the calcaneal hole and associated drill cannula in the align-
ment plate bisected the calcaneus in the dorsoplantar plane,
this pin being placed in the calcaneus. An identical pin was
placed through the talar hole and associated drill cannula in
the alignment plate into the base of the talus; all set screws
were tightened. The 7mm starter endmill was then attached
to the magnetic milling arm, a drill stopper was used to
define the length of milling arm available to mill, corre-
sponding to thewidth of the ankle replacement trial implant.
Gelpi and small Hohmann retractors were used to retract the
soft tissues away from the site of milling. The joint was then
milled using 2 to 4mm progressive depth advancements
through the bonewith each sequential arc of the milling arm
until final depth was reached (►Fig. 5C). Lavage and suction
were used to cool the bone and remove bone debris. The

8mm finisher end mill was then attached to the magnetic
milling arm, the drill stopper used identically and then the
jointmilled againwith identicalmilling technique. Following
milling, careful inspection for any bone fragments in the soft
tissues was performed and any removed. The trial implant
was then attached to the inserter and placed to check an
appropriate depth of mill was achieved, assessed by the trial
being level relative to the medial aspect of the talus. The drill
guide was then attached to the alignment plate and a 4 and
2.5mm drill bit used to drill the tibial and talar component
fixation holes respectively. The rib-breaker was attached to
the inserter and advanced into the tibial and talar holes,
cutting through the ribs of bone between the holes and the
milled region (►Fig. 5D). The cartridge implant was then
attached to the inserter (►Fig. 5E). The tibial and talar
fixation posts were aligned with the tibial and talar fixation
holes and then the cartridge pushed into the prepared joint
space. The inserter was then unscrewed from the cartridge,
the set plate removed, the post guide removed and then the
tibial and talar posts screwed in, expanding the tibial and
talar component posts and locking each component into the
bone. The Ellis pins and alignment plate were removed

Fig. 4 (A) Intraoperative images showing the fibula (F) and tibia (T) prior to and following placement of the autogenous bone graft (�). (B)
Preoperative transverse and dorsal plane computed tomographic (CT) images (T¼ tibia, F¼ fibula), the yellow dotted line denotes the level of the
transverse CT slice. (C) Six weeks post arthrodesis transverse and dorsal place CT images, new bone is evident bridging the fibula to the tibia
(purple arrows).
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(►Fig. 5F). Range of motionwas assessed, and any remaining
osteophytes removed if they were impinging on the
implant’s range of motion (►Fig. 6). The medial malleolus
was reduced back into position and held in compression
against the tibia with two pairs of speed-lock bone holding
forceps. A seven-hole 2.7mm locking compression plate (De
Puy Synthes, United Kingdom) was applied to the medial
malleolus and distal tibia to secure the malleolus.

In addition to the standard implantation technique for the
BCTAR, a skin incision was then made over the lateral
malleolus and a nine-hole 2.0mm locking compression plate
applied to the lateral aspect of the fibula with the three
proximal screws engaging the tibia concurrently. Medial and
lateral subcutaneous soft tissues and skin were closed with
4–0 Monocryl and 4–0 Ethilon respectively. Postoperative
radiographs were performed that showed appropriate im-
plant placement and positioning (►Fig. 7).

The limb was placed in a light compression dressing for
48 hours. Postoperative analgesia (methadone 0.2mg/kg IV
every 4 hours for 24 hours, switching to buprenorphine,
0.02mg/kg IV for 36 hours, paracetamol 10mg/kg every
8hours and meloxicam 0.1mg/kg every 24 hours) was pro-
vided. A 7-day course of oral paracetamol (10mg/kg every
8hours) and cephalexin (20mg/kg every 12 hours) and a 21-
day course of meloxicam (0.1mg/kg every 24hours) were
prescribed.

Fig. 6 Intraoperative view following placement of the prosthesis,
advancement of the tibial and talar component expansion bolts and
removal of the set plate. Ca, caudal; Cr, cranial; Mo, medial malleolar
osteotomy; Ti, tibia, Ta, talus.

Fig. 5 Summary of the steps of bone preparation and implantation of the ankle prosthesis—see text for details. Image courtesy: BioMedtrix.
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The dog was weight bearing on the operated limb the day
following surgery and was discharged on day 3 postopera-
tively. Cage rest was instigated for 6 weeks with short lead
walks for toileting purposes only. Skin sutureswere removed
14 days postoperatively and at that time both medial and
lateral surgical wounds had healed uneventfully.

The dog presented for re-examination 6 weeks postoper-
atively on no medication. The owner reported no concerns
postoperatively during this period. On examination, the dog
was 2/10th11 lame on the left pelvic limb when walking.
Talocrural range of motion was 80degrees flexion,
160degrees extension as assessed with goniometry. Soft
tissue thickening of the joint was present and of similar
magnitude to preoperatively. Palpation of the joint revealed
no evidence of crepitus or apparent pain. The dog was
sedated with medetomidine (10 µg/kg IV) and butorphanol
(0.2mg/kg IV). Radiographs were performed (►Fig. 8) that
revealed the malleolar osteotomy had healed; subjectively
there was further progression of tibiofibular arthrodesis
with trabecular bone associated with the entire length of
the tibial component and therewas no lucency around either
component. The dog was discharged with the recommenda-
tion to begin short lead walks of 10minutes twice daily for a
week, increasing by 5minutes per week thereafter for a 6-
week period.

Telephone conversation with the owner at 3 months
postoperatively revealed the dog was on no medication,
subjectively sound and being exercised on a flexi-lead for
45minutes twice daily. The recommendation was made to
incrementally reintroduce off lead activity back to normal
levels over the following 8 weeks. The dog presented for re-
examination 4 months postoperatively on no medication,
and was being exercised off the lead for 45minutes twice

daily. On examination, the dog was subjectively sound when
walking and trotting. Talocrural range of motion was
95 degrees flexion, 160degrees extension as assessed with
goniometry. Palpation of the joint revealed no evidence of
crepitus or apparent pain. Radiographswere performedwith
sedation as previously described (►Fig. 8B) that had the
same bone and component appearance to those taken at
6 weeks postoperatively.

Telephone conversation with the owner 6 months post-
operatively revealed no concerns; the dog was still on no
mediation, subjectively sound and exercise consisted of
90minutes off-lead in the morning and 30minutes on the
lead in the afternoon.

Questionnaires
Liverpool Osteoarthritis in Dogs questionnaires15were com-
pleted prospectively by the owner prior to surgery, 6 weeks
and 4- and 6 months following surgery. The total score for
these questionnaires at each visit is shown in ►Table 1.

Fig. 8 (A) Mediolateral and caudocranial 6 weeks postoperative
radiographs. (B) Mediolateral and caudocranial 4 months postoper-
ative radiographs.

Fig. 7 Immediate (A) mediolateral and (B) caudocranial postopera-
tive radiographs.

Table 1 Liverpool osteoarthritis in dogs (LOAD) scores for the
patient

Period of evaluation LOAD
score

Interpretation-
severity of articular
disorder15

Preoperative 25/52 Severe

6 weeks postoperative 3/52 Mild

4 months postoperative 5/52 Mild

6 months postoperative 6/52 Mild
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Discussion

This case report is a first description of distal tibiofibular
arthrodesis in the dog and the first published data on short-
term outcome following BCTAR.

The patient described herein did not have an osteochon-
dral fragment identified either on CT or at the time of
surgery; this corroborates with previous findings in 8% of
patients with talar osteochondrosis.16 As no fragment was
identified and as there is evidence that arthroscopic debride-
ment of the joint in young dogsmay not be synonymouswith
good outcome,16 arthroscopic evaluation of the joint was not
pursued in this case.

Marked preoperative periarticular fibrosis was evident in
this dog preoperatively, especially medially, as has previous-
ly been documented.17 A reduction in joint flexion was
observed postoperatively as has similarly been observed
following talar osteochondral fragment removal.17 The de-
velopment of postoperative fibrosis following the extensive
medial soft tissue dissection required for arthroplasty likely
explains the reduction in range of motion observed.

The distal canine fibula articulates with the tibia via a small
synovial cavity with an extensive tibiofibular syndesmosis.18

Cranial and caudal tibiofibular ligaments cumulatively afford
low rotational mobility to the tibiotarsal joint.19 However,
micro-movement, by the nature of a fibrous joint at this site,
is expected to be present. To the authors’ knowledge, canine
distal tibiofibular arthrodesis has not been described in the
literature. However, inman it has been used in the treatment of
distal tibial osteochondroma,20 chronic inferior tibiofibular
joint instability21 and is also essential in the support of the
tibial component in some designs of humans ankle arthro-
plasty22; an 8.5-fold increase in the risk of tibial component
migration, having been reported if tibiofibular syndesmotic
fusion, is not achieved.23 The use of this technique in man to
provide appropriate support to the tibial component in ankle
arthroplasty was the rationale for use in this dog. To proceed
with arthroplasty in our case, there was a requirement to cross
the tibiofibular joint space andmill awayfibular bone to place a
tibial component that was otherwise oversized, relative to the
width of the tibia. Tibiofibular arthrodesis maximized the
amount of confluent trabecular bone supporting the tibial
component. If the lateral portion of the tibial component was
not supportedbyboneormicromovementof thefibular relative
to the tibia occurred, this could theoretically predispose to
osteolysis around the tibial component with fibular fracture
or aseptic loosening aspossible sequalae. In addition to arthrod-
esis, we elected to plate the lateral aspect of the distal fibular to
minimize the riskof fibular fracture occurring at the level of the
tibial component where the fibular bone had been milled and
the shelf of fibular bone remaining to support the tibial
component laterally was thinnest.

Postoperative craniocaudal radiographs suggest the re-
sultant joint space to be marginally wider on the medial
aspect. This could be due to the extensive soft tissue dissec-
tion associated with the surgical approach medially, result-
ing in reduced medial periarticular soft tissue support; both
long and short collateral ligament integrity were not com-

promised by the dissection, based on palpation of the joint at
the end of surgery. Alternatively, following placement of the
COR pin in the talus and application of the alignment plate
over the COR pin, if the medial joint space had been inadver-
tently ‘closed’ more than was necessary prior to application
of the tibial fixation pins, this would have pulled the talus
and pes into a mild varus, resulting in milling more bone off
of the medial talus. Following implantation of the prosthesis
and reduction in themalleolar osteotomy, this could result in
amarginally wider joint spacemedially. The long-term effect
of any discrepancy in joint space on component wear and
general wear of this prosthesis system is currently unknown.

The data from the case report described herein must be
interpreted in the context of the 6-month follow-up avail-
able. Long-term data on clinical performance, at the time of
writing, are not available.

In summary, distal tibiofibular arthrodesis in concert with
fibular plating permitted placement of an oversized taloc-
rural implant in this patient with good clinical function. This
technique may permit use of this arthroplasty system in
otherwise undersized patients, until such a time that smaller
implants become available from the manufacturer.
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