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INTRODUCTION

THERE IS disagreement about the manifestations of
elbow pathology that should be included under the

umbrella of elbow dysplasia. This is highlighted by vari-
able inclusion or exclusion of diseases like ununited me-
dial epicondyle1 and elbow incongruity2 with the more
commonly recognized and historically grouped triad of (1)
disease of the medial aspect of the coronoid process (me-
dial coronoid disease; MCD); (2) osteochondrosis (OC) or
osteochondritis dissecans (OCD) of the medial humeral
condyle; and (3) ununited anconeal process (UAP). Vari-
ations in grouping syndromes within elbow dysplasia
contributes to confusion among veterinarians and dog
owners about the precise nature of disease involved.

Whereas several diseases may coexist within the same
joint,3–5 it has become increasingly apparent from hist-
omorphometric,6 biomechanical,2,7,8 and genetic or her-
itability9,10 data that there is considerable independence
in development of these multifactorial disease processes.
This is further complicated by the spectrum of clinical
signs and macroscopic pathology associated with any
single disease process,11 which has important implications
for treatment and prognosis. Clearly, there is no single
treatment for all recognized manifestations of elbow dys-
plasia, so seemingly, the initial step in developing a clin-
ically useful decision-making algorithm is to deconstruct
this oversimplified nomenclature.

A working understanding of the etiopathogenesis of
these disease processes is needed to define and optimize

treatments for a corresponding spectrum of pathologic
change. Failure to understand and address underlying
processes when treating overt pathology will almost in-
evitably lead to suboptimal outcome. Despite this lack of
understanding, there is increasing recognition that joint
incongruency is an important factor in the development
of canine elbow disease, albeit in a more complex manner
than initially proposed.2,11 Concurrently, it is important
to understand the utility and limitations of diagnostic
methods (e.g. historical, clinical, imaging) for identification
of pertinent disease characteristics. To the extent that these
diagnostic approaches define appreciation of disease and
thus direct treatment approaches, their precision has po-
tentially profound implications for treatment outcomes.
Finally, relevant outcome measures are critical to evaluate
the efficacy of treatment approaches for individuals and
across patient groups. Outcome measures provide a frame-
work for accumulation of clinical evidence and application
in the context of ‘‘evidence-based practice,’’12,13 and allow
continued refinement of assumptions leading to progres-
sive improvements in therapeutic strategies.

Thus, in considering this larger challenge—decon-
structing currently used terminology, defining the etio-
pathogenesis of disease processes included in elbow
dysplasia, improving diagnostic tests, and developing
therapeutic strategies and outcome measures—we report
the decision-making algorithms currently in use in our
practice for disorders involving the medial compartment
of the canine elbow. These algorithms have been devel-
oped from synthesis of current scientific foundations for
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this constellation of disorders, and interpreted and mod-
ified based on our clinical experience. Our purpose is to
stimulate dialog, highlight areas of needed investigation,
and provoke continued refinement of our collective un-
derstanding through robust clinical trials and focused
studies of mechanisms and pathogenesis of elbow disease.
We recognize that our efforts in this and our accompa-
nying reports might generate controversy but anticipate
that the framework we provide can serve as the founda-
tion for future improvements.

DISEASE OF THE MEDIAL ASPECT OF THE

CORONOID PROCESS

Diagnosis

Even when free fragmentation has been subsequently
identified by arthroscopy or arthrotomy, identification of
disease of the medial aspect of the coronoid process
(MCD) has historically proven challenging despite use of
diverse imaging modalities including radiography2,14–17;
computed tomography (CT)11,18; scintigraphy19; and
magnetic resonance imaging (MRI).20 Typically, diagno-
sis is based on identification of secondary markers of
degenerative joint disease in the absence of other dis-
cernable discrete pathologic changes.

We consider thorough clinical evaluation to be as im-
portant as subsequent diagnostic imaging techniques.
Recognition of thoracic limb lameness can be relatively
insensitive because of the high incidence of bilateral dis-
ease and because many younger dogs remain surprisingly
mobile or behaviorally active despite severe elbow pa-
thology. We find that evaluation of discomfort caused by
elbow manipulation is a strong indicator of disease in-
volving the medial compartment of the canine elbow. The
most reproducible discomfort can be elicited on maximal
flexion, and particularly on firm supination of the ante-
brachium while the elbow is held in moderate flexion.
Response to deep digital pressure in the region of the
insertion of the bicep brachii muscle over the medial as-
pect of the coronoid process is also a valuable indicator
of potential disease. Positive responses to these tests
alone, in the absence of any other identified source of
lameness or pain, creates a high index of suspicion such
that diagnostic imaging is directed toward identification
of disease of the medial compartment of the elbow and
more specifically MCD. If results of noninvasive imaging
techniques are equivocal, we consider direct observation
by arthroscopy or arthrotomy to be justified.

Detailed radiographic examination of both elbows is
essential before any intervention. This allows more de-
tailed classification of the nature of disease (specifically,
likely chronicity, radiographic severity of subchondral
disease, and presence of OC lesions) that may be valuable

for further decision-making, rather than simply to
confirm a diagnosis of MCD. This is of particular
significance because elbows affected by MCD can be
radiographically normal21 or may be affected by only
subtle subtrochlear sclerosis.22 Furthermore, degree of
osteophytosis is considered of minimal benefit in deter-
mination of an appropriate treatment protocol as it is
poorly correlated with pathology subsequently identified
by direct joint inspection23,24 but has close associations
with expression of cartilage genes.25 Other imaging tech-
niques or diagnostic tests useful for exclusion of potential
primary or concomitant pathologies (e.g. shoulder
lesions, musculotendinous injuries, neurogenic lameness,
or neoplasia) are selected based on clinical findings. In
particular, diseases involving the shoulder joint and ad-
jacent structures should be excluded as causes of thoracic
limb lameness.26

CT and more recently MRI scans are increasingly used
to evaluate elbows where changes are equivocal on ra-
diographic assessment27; however, arthroscopic evalua-
tion constitutes the most important single interrogation
directing our decision-making process for MCD with or
without pathology of the medial aspect of the humeral
condyle. We have observed equivocal findings on both
CT and MRI where subchondral pathology was subse-
quently proven by histologic examination of coronoid
specimens after arthroscopically identified MCD.28 A
spectrum of arthroscopic changes including fragmenta-
tion, cartilage fissures, chondromalacia, and cartilage
fibrillation affect the medial coronoid process (MCP)
and we consider these to be manifestations of a common
underlying disease process.24,29

Etiopathogenesis

Pathologic changes initially affect subchondral bone
with formation of microcracks, characteristic of local
fatigue failure.6 These changes typically occur at one of
two anatomic sites, either the craniodistal tip of the me-
dial aspect of the coronoid process, or more axially ori-
ented in the region of the radial incisure. Although the
precise nature of this fatigue phenomenon remains elu-
sive, several hypotheses encompass the disparate range of
recognized pathologic changes, all of which may be at-
tributable to some form of humeroulnar conflict (HUC).

Static Radioulnar Length Disparity. Characterized by
shortening of the radius relative to the ulna. This dispar-
ity effectively exposes the coronoid process of the ulna to
increased load-bearing forces from the humerus through-
out the full range of elbow movement. MCP disease
has been identified by CT and arthroscopy in the absence
of overt static incongruity,27 so it seems unlikely that
static incongruency plays a major role in some dogs,11

although where definitively identified, MCD should be
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considered a likely sequel. This form of incongruency
might be expected to result in pathologic change focused
at the tip of the medial aspect of the coronoid process but
further biomechanical modeling is needed to validate this
hypothesis.

Dynamic Radio-Ulnar Longitudinal Incongruency.

Characterized by relative distal displacement of the prox-
imal radial articular surface compared with the proximal
aspect of the ulna during weight bearing or in certain
positions within the range of motion of the elbow. This
may account for the lack of reliable identification of
‘‘static’’ incongruity using conventional imaging tech-
niques, and could result in a similar configuration of
pathology to that described for static radioulnar length
disparity. From an anatomic perspective, this hypothesis
requires relative laxity between the radius and ulna and is
thus considered less likely.

Incongruency Associated with the Shape of the Ulnar

Trochlear Notch. Characterized relative to either the
articular contours of the radial head or humeral condyle,
or both, this abnormality could also result in focally in-
creased loading forces. These could be limited to specific
angles of joint flexion or extension, and would most likely
be focused in the region of the tip of the medial aspect of
the coronoid process. Some breed variation in radio-
graphic shape of the ulnar trochlear notch has been
reported30 but association of this observation with clin-
ical disease is unknown/uncertain.8 Furthermore, tech-
niques to standardize radiographic interpretation of
conformational variation in trochlear notch shape have
not been reported. It is likely that three-dimensional
imaging modalities (CT, MRI) will be more sensitive to
subtle conformation variations within the complex struc-
ture of the elbow joint. Further imaging and biomechan-
ical investigation is needed to clarify the potential role of
ulnar trochlear notch variation in the pathogenesis of
MCD.

Primary Rotational Instability of the Radius and Ulna

Relative to the Distal Aspect of the Humerus. From a
theoretical perspective, osseous conformation discrepan-
cies or perhaps ligamentous insufficiency, could result in
instability and incongruence through part, or all, of the
range of motion of the elbow joint. Angulation of the
humeroulnar joint surface relative to the long axes of the
component bones could effectively convert a lateral shear
force into a compressive force, causing crushing of the
medial aspect of the coronoid process between the radial
head and the medial humeral condyle. Another possibil-
ity could be mismatch between the contour arc of the
radial incisure of the MCP and the radial head. These
forms of incongruency would hypothetically most likely
result in pathologic changes focused in the region of the
radial incisure and could partially account for clinically
observed variation in distribution of pathologic changes.

Musculotendinous Mismatch. Rotational instability
could occur as a secondary effect of musculotendinous
mismatch in relation to the bony anatomy, in particular,
disparity between muscle tensions generated during supi-
nation and pronation of the antebrachium relative to
the humerus.31–35 The biceps brachii/brachialis muscle
complex has a large fan-shaped insertion onto the abaxial
portion of the MCP and a smaller but equally robust
insertion on the proximal radius. Mismatch in synchro-
nized development of the osseous and/or musculotendi-
nous components of the elbow joint may contribute to
supra-physiologic overload of the MCP thorough this
fan-shaped insertion. The biceps brachii/brachialis
muscle complex has the potential to produce substantial
loading forces as a major elbow flexor. In the racing
greyhound the estimated combined joint moment of force
produced by this muscle complex at the elbow and acting
in flexion is 1990Ncm.36 Because its distal insertion is
eccentrically located medially, a susbstantial component
of this force in flexion could be converted into a supi-
nation force. As illustrated for the hypothesis on primary
rotational instability, such aberrant force between the
radial head and the radial incisure of the MCP could give
rise to shear planes because of compression of the region
of the radial incisure against the radial head and could
give rise to the clinically observed pattern of arcuate
fragmentation radiating out from the radial surface of the
MCP.34,35

Disease Development

Progression of subchondral microcrack formation
to visible cartilage fissuring or fragmentation by coales-
cence, appears variable between dogs and between differ-
ent regions of the coronoid process. This may reflect
variable patterns of biomechanical overload as described
earlier. Importantly, subchondral microcrack formation
extends beyond the area of superficial or macroscopic
disease.6 The pattern of visible pathologic change may be
dependent on a balance between rate of microcrack
formation and healing by fibrous infilling, and on the
focal intensity of supraphysiologic forces, which could
theoretically radiate outward from a central focus akin to
fissure lines created by movement of tectonic plates. Thus
shear planes might occur either at the tip, or at the radial
incisure, of the MCP depending on the prevalent loading
force.

Fragmentation represents one potential end stage of
MCD (Fig 1), whereby the medial aspect of the coronoid
process cannot be salvaged to provide a functional, pain-
free, load-bearing surface. Age may be an important fac-
tor with potential repetitive overload of fissure zones
or traumatic disruption of fissure zones leading to frag-
ment formation—so-called ‘‘jump-down’’ lesions.37 In
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Danielson’s study,6 medial coronoid specimens from all
age groups had diffuse microcrack formation. This find-
ing lends credence to the concept that sudden fragmen-
tation, even in mature dogs is preceded by microcrack
formation.

However, we recognize dogs affected by a spectrum of
lameness intensity and pain evident on elbow manipula-
tion without visible fissuring or fragmentation, but
with altered morphology of cartilage and subchondral
bone.6,28 Seemingly, the MCP in such dogs is affected by a
slow progressive cycle of microfracture and cartilage fis-
suring, healing with fibrocartilage infilling of cartilage
clefts, and subsequent repeated microfracture. Eventually,
hyaline cartilage is replaced with fibrocartilage or similar
fibrous tissue over underlying subchondral bone changes.29

Lameness and pain may initially resolve with later recur-
rence when fracture or eburnation of mechanically inferior
fibrocartilage occurs concomitant with progressive altera-
tion in canalicular density of subchondral bone.6

Also in our experience, some dogs6,29 have fissuring
and fibrocartilage healing at loci across the medial aspect
of the coronoid process with apparent sudden propaga-
tion of a microcrack to create a fragment (evidenced by a
local lack of marginal healing or fibrocartilaginous in-
growth). This observation suggests that abrupt overload-
ing of existing pathologic change created the lesion.
Conversely, in some dogs, a cartilage-capped free
osteochondral fragment has been identified, typically
with substantially hypertrophic hyaline cartilage6 with
the remainder of the medial aspect of the coronoid pro-
cess and typically the medial humeral condylar articular
surface affected by full thickness cartilage eburnation. In
this scenario, fragmentation would seemingly be an early

component of the disease process occurring at a focal site
of increased loading. Once the fragment is detached, its
mobility may protect it from further load-bearing and
cartilage abrasion, whereas loss of subchondral vascular-
ity contributes to increasing cartilage thickness and even
necrosis of the deeper layers of cartilage and/or bone
typical of free osteochondral bodies within a joint, per-
haps accounting for some reports of OC like lesions.38 In
our experience, it is common for the remaining intact
portion of the medial aspect of the coronoid process to be
affected by cartilage abrasion or eburnation because of
persistent supraphysiologic loading with HUC.39

Joint pain and lameness can occur when there is intact
cartilage over underlying subchondral pathology. From
the preceding discussion, recognition that 2 potentially
different end-stage changes, of varying chronology and
intensity, can exist within the same joint, argues for
treatment targeted at addressing subchondral pathology
rather than removal of loose fragments alone or at-
tempted stimulation of fibrocartilaginous infilling of su-
perficial cartilage lesions. Notwithstanding the altered
subchondral bone, focused attempts at cartilage repair
seem especially challenging within a perceived environ-
ment of persistent supraphysiologic loading and abrasion
attributable to HUC.

Treatment Options

Considering these proposed pathways, our preference
for local treatment of end-stage MCD is subtotal co-
ronoid ostectomy (SCO; Fig 2) whereby a pyramidal
portion of the medial aspect of the coronoid process ex-
tending to include the entirety of the articular portion
distal to the level of the radial incisure is removed. The
surgical approach for this procedure includes blunt sep-
aration of the flexor carpi radialis/pronator teres and the
superficial/deep digital flexor muscles caudal to the
medial collateral ligament to allow access to, and sharp
incision of, the medial aspect of the joint capsule prox-
imal to the fan-shaped insertion of the biceps brachii/
brachialis muscle complex on the medial aspect of the
coronoid process. Self-retaining retractors positioned
caudal to the medial collateral ligament maximize expo-
sure of the medial joint compartment. We have
employed an air-powered oscillating saw for ostectomy28

but acknowledge that arthroscopically-guided ostectomy
may also be achieved using an osteotome or motorized
shaver with comparable efficacy.

The caudolateral boundary of the ostectomy is at the
junction of the radial incisure and a point 1–2mm distal
to the sagittal ridge of the ulnar notch. Subchondral mi-
crofractures have been found extending to the edge of this
osteotomy line,6 but it includes the full extent of visible
cartilage pathology and the region of subchondral

Fig 1. Arthroscopic image showing large fragment at radial

incisure of medial aspect of coronoid process (center and right

of image).
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pathology identified by histomorphometry.6 Our initial
concerns about elbow instability (because of reduced me-
dial articular contact surface or disruption of the ulnar
portion of the medial collateral ligament) have not been
substantiated. SCO in 263 dogs (437 elbows) with long
term follow-up (45 years in some dogs), resulted in con-
sistent and durable resolution of lameness with low
surgical morbidity.28

Other surgical techniques for focal management of
MCD include removal of free fragments alone, and vary-
ing degrees of debridement, abrasion, or excision of the
visibly diseased portion of the medial aspect of the
coronoid process, either arthroscopically or via arthro-
tomy.4,14,17,40–44 Although histologic findings suggest that
such approaches would leave a substantial portion of
diseased subchondral bone in situ,6 we are unaware of
any clinical studies that clearly demonstrate that more
aggressive arthroplasty (e.g. SCO) yields superior out-
come to less aggressive approaches. A cohort comparison
study is warranted.

If dynamic joint incongruency or abnormal dynamic
loading are potential causes of MCD, then arguably,
corrective ulnar osteotomy should be considered as a
treatment approach; however, without better mechanical
understanding, it is unclear what osteotomy configura-
tion might be most beneficial. In our experience, ulnar
osteotomy results in lameness of several weeks duration.
Further, the severity of lameness is typically more than
observed preoperatively or is associated with intraartic-
ular procedures alone. This outcome seemingly count-
erbalances any potential benefits and at least in our ex-

perience, long-term outcome is equivocal in dogs with
MCD without substantial humeral condylar pathology.
However, when there are frictional abrasion lesions as-
sociated with the medial aspect of the humeral condyle or
where definitive humeroradial incongruity is evident on
CT or arthroscopic assessment, ulnar osteotomy may be
justified as we describe later. We do not perceive a need
for ulnar ostectomy unless 44mm humeroradial incon-
gruity is definitively identified.

When rotational instability with excessive supination
loading force is suspected, we use a biceps ulnar release
procedure (BURP; Fig 3) that involves tenotomy of the
distal insertion of the biceps brachii/brachialis complex
onto the ridge immediately caudal to the abaxial portion
of the MCP.34,35 Considering our proposed pathogeneses,
dogs with focal subchondral pathology in the region of
the radial incisure might be potential candidates for this
procedure. Clinically, case selection is based either on
presence of fissure formation in the region of the radial
incisure without overt fragmentation or discernable os-
seous incongruity, or where there is a high index of sus-
picion that dynamic incongruity is the underlying cause
of MCD. The latter cases are typically juvenile dogs with
bilateral elbow pain/lameness and minimal arthroscopic
changes bilaterally or with minimal arthroscopic changes
affecting the elbow contralateral to an elbow overtly
affected by fragmentation (e.g. synovitis, cartilage mala-
cia, fibrillation or radial incisure fissuring). We have used
this procedure before development of end-stage disease
and although early outcomes have been encouraging with
resolution of clinical signs and negligible morbidity,35

Fig 3. Typical configuration of biceps ulnar release proce-

dure (BURP) depicted by red broken line. Note fan-shaped

insertion of the biceps brachii immediately surrounding the

medial aspect of the coronoid process.

Fig 2. Typical configuration of subtotal coronoid ostectomy

(SCO) depicted by green lines. Red line depicts typical location

of fragment at radial incisure of medial aspect of coronoid

process.
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further investigation of indications and outcomes is
needed before recommendations for clinical use are
made. Biomechanical data will be necessary to determine
if BURP reduces joint contact pressure associated with
HUC. Whether BURP can alter disease progression,
preventing cartilage disease or fissures of the MCP be-
coming fragmented or reducing persistent frictional abra-
sion of the medial compartment after SCO remains to be
determined. Equally, it is unknown at this stage whether
BURP may be used for successful palliative treatment of
end-stage medial compartment erosion where periarticu-
lar fibrosis or profundity of pathology may negate the
positive effects of tendon release.

Nonsurgical management remains the major alterna-
tive approach when focal surgical treatment is considered
inappropriate or has already been performed without
resolution of clinical signs. Successful nonsurgical man-
agement plans involve simultaneous use of a moderated
exercise routine, body weight control, judicious use of
nonsteroidal antiinflammatory medication or prescrip-
tion analgesic agents, and use of nutraceuticals or disease
modifying compounds (of which glucosamine and
chondroitin sulfate containing preparations, or com-
pounds such as pentosan polysulfate may hold most
promise). Other adjunctive therapies should also be con-
sidered, including reduced load-bearing exercise (such as
hydrotherapy), physical therapies such as massage, trans-
cutaneous electrical nerve stimulation, shock wave ther-
apy and holistic, magnetic and alternative therapies like
acupuncture. There is limited scientific evidence to sup-
port use of many of these modalities but a wealth of

cross-species experience and low morbidity may prompt
their use in individual cases.

Decision Algorithm for MCD

Our current decision algorithm for the coronoid pro-
cess (Fig 4) indicates SCO whenever end stage MCD,
manifesting as either fragmentation, major fissuring, or
full thickness eburnation of articular cartilage, is identi-
fied arthroscopically.

When early or mild MCD is identified arthroscopic-
ally, typically manifested as superficial cartilage fibrilla-
tion or cartilage malacia, frequently limited to the most
craniomedial portion of the medial aspect of the coronoid
process, other factors are considered before selecting
SCO, BURP, or nonsurgical management. These factors
are balanced in an attempt to answer 3 questions:

(1) Is the subchondral pathology a sufficiently important
current cause of lameness or pain to justify SCO de-
spite lack of superficial pathology?

(2) Do the arthroscopic findings suggest a rotational
component manifested by pathologic changes in the
region of the radial incisure, supporting use of BURP
in an attempt to reduce supination forces acting on
the joint?

(3) Is the current level of pathology likely to progress to
end stage MCD with future lameness or pain if left
untreated?

The 2 factors considered most important in affirming
decision to perform SCO, in light of ambiguous ar-

Fig 4. Decision making algorithm chart for treatment of medial coronoid disease (MCD) without significant medial humeral

condylar pathology.
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throscopic findings, are severity of clinical signs (lameness
and pain on manipulation) and young age (where skeletal
immaturity is considered a strong indicator for subse-
quent development of end stage MCD). Radiographic
findings (including subjective intensity of radiographic
subtrochlear sclerosis), anticipated dog and owner com-
pliance with nonsurgical management protocols, and
response to previous attempts at nonsurgical management
are also considered. As an example, using our algorithm, a
6-year-old dog with subtle clinical lameness or elbow pain,
with superficial cartilage fibrillation focally at the tip of
MCP would be managed nonsurgically, whereas a
6-month-old dog with moderate lameness associated with
low-grade superficial disease of the medial coronoid evi-
dent arthroscopically and intense subtrochlear sclerosis
evident radiographically would be treated by SCO or
BURP depending on the degree of medial coronoid pa-
thology in terms of fibrillation, fissuring, or fragmentation.

A sliding scale analogy may be most appropriate when
trying to combine these variables (Fig 5) and therefore, a
small degree of subjectivity may occur in selected cases.
Ongoing studies to categorize and prioritize bone marrow
lesions of the MCP by MRI and CT will undoubtedly
help to deracinate this subjectivity. Cross-referencing
radiographic and arthroscopic findings with micro-CT
and histomorphometric analysis of excised coronoid seg-
ments will also help clarify the relationship between in-
congruity and morphologic changes and may help guide
decision making in the future.

DISEASE OF THE MEDIAL HUMERAL CONDYLE

OC (and resultant OCD) is a well-recognized disease
of the medial compartment of the elbow, and concom-
itance with MCD is frequent (30/33 elbows in one of our
studies45). This may reflect a potential role for incongru-
ity in the etiopathogenesis of both diseases, although
numerous developmental factors have been implicated
including genetic46,47; dietary48; growth rate49; and endo-
crine50 factors. Many reports have grouped treatment of
these 2 diseases together, and have not reflected the spec-
trum of pathology identified in our canine population.

Specifically, we have commonly recognized OCD in
conjunction with varying degrees of cartilage erosion
(kissing lesions) of the medial humeral condyle, appar-
ently associated with MCD, further supporting the role
of incongruity in etiopathogenesis. These kissing lesions
are identifiable during arthroscopy or arthrotomy as
clusters of axially-orientated, linear abrasion tracts/stri-
ations ranging from superficial cartilage fibrillation to
full thickness cartilage eburnation with exposure of
subchondral bone. There is also substantial variation in
the surface area of the medial humeral condyle affected,
ranging from focal regions a few millimeters in diameter,
to eburnation across almost the entire medial articular
surface. These lesions are often centered at or immedi-
ately adjacent to the OCD lesion, but remain distinct in
both gross appearance and depth of subchondral defect.
The medial aspect of the coronoid process inevitably

Fig 5. Schematic representation of sliding scale analogy applied to incorporate additional factors into decision-making algorithms

for treatment of medial elbow disease.
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demonstrates a similar degree of cartilage pathology
across some portion of its surface (mirror-image),
whereas additional presence of macroscopic fragmenta-
tion or fissuring, although common, is more variable.

Both surgical and nonsurgical management of OCD
of the medial humeral condyle (with or without MCD)
result in progression of osteoarthritis,3 yet variation in
prognostic outcome within the spectrum of identified
disease and detailed medium- and long-term outcomes
have typically not been reported. In our experience, pres-
ence of marked cartilage disease of the medial humeral
condyle has been associated with relatively poor clinical
outcomes and in some cases, even if MCD is simulta-
neously treated by SCO, may continue to progress with
eventual full-thickness eburnation throughout the medial
joint compartment.

Approximately equal load sharing between the larger
humeroradial contact area and the smaller humeroulnar
contact area in normal elbows51 may account for the se-
verity of some lesions. It is considered unlikely that
fibrocartilaginous ingrowth from subchondral bone in
this region (e.g. stimulated by local osteostixis) would
provide any substantial or durable protection of the sub-
chondral bone plate, particularly considering its load-
bearing function, the persistent frictional environment,
and any potential dynamic incongruity. This outcome
has been supported by second-look arthroscopic obser-
vations in a number of cases treated by fragment re-
moval, curettage, microfracture, or osteostixis alone.24

Therefore, a range of treatments has been proposed to

address these challenging lesions of the medial humeral
condyle, resulting in a relatively complex decision making
algorithm (Fig 6).34,52

OCD

When OCD is identified in the absence of MCD or a
corresponding medial humeral condylar kissing lesion,
treatment choice remains relatively straightforward.
MCD is excluded primarily by arthroscopic findings
(lack of cartilage malacia, fibrillation, fissuring or frag-
mentation); however, particularly in immature dogs
where these manifestations of end stage MCD may not
yet have developed despite substantial subchondral pa-
thology, radiographic findings should also be considered,
specifically a lack of subjectively profuse or intense
sclerosis in the subtrochlear or subcoronoid region.22,53

Conventional surgical treatments (including curettage,
microfracture, micropick) aimed at stimulation of fibro-
cartilage ingrowth are still considered justified for treat-
ment of small (typically o5mm maximal diameter in
medium- and large-breed patients), shallow (typically
o1mm subchondral bone depth defect) or abaxial le-
sions where prognosis is anecdotally considered to be
relatively positive.

For treatment of more substantial lesions, either of
large diameter or with a deep subchondral defect, regen-
eration of fibrocartilage has anecdotally been found to be
inadequate for appropriate reconstruction of the articular
contour. Two aspects are considered potential reasons for

Fig 6. Decision-making algorithm for treatment of commonly identified manifestations of pathology of the medial humeral

condyle.
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poor clinical outcomes. Firstly, it has been suggested that
compared with hyaline cartilage, the mechanically infe-
rior properties of fibrocartilage may result in a lack of
durability in the medium- to long-term with eventual
eburnation and reexposure of subchondral bone, and re-
currence of lameness. Secondly, and perhaps more im-
portantly, fibrocartilage is unlikely to be able to
accurately restore an appropriate load-bearing contour,
particularly when there are substantial defects of the
subchondral bone plate. This may cause persistent rim
stress concentration around the residual defect,54 with
resultant cartilage abrasion, subchondral bone edema,
and lesions of the apposing articular surface, and al-
though unproven for canine patients, may be the major
cause of poor outcomes, particularly in joints like the
elbow where a major portion of the limited load-bearing
surface may be affected.

Reconstruction of the articular contour has become a
major target for human osteochondral defect repair and a
range of materials (autografts, allografts, resorbable and
nonresorbable filler matrices) have been investigated. Of
the procedures potentially available for clinical applica-
tion, osteochondral autograft transfer (OAT) procedures
are most readily applicable for use in dogs. OAT involves
harvesting a cylindrical core of bone with an intact cap of
healthy cartilage from a noncontact surface in another
one of the dog’s joints (typically the medial trochlear re-
gion of the stifle) and implanting this core into a socket
created at the site of the osteochondral defect (Fig 7A).
This procedure can both accurately restore articular and
subchondral contour and create a durable hyaline or
hyaline-like cartilage articular surface.45 Using polyure-
thane ‘‘cartilage-substitute’’ filler-plugs would obviate the
requirement for a donor site, decrease surgery time, and
reduce challenges associated with topographical surface-
mapping. Such procedures are the subject of ongoing
evaluation and medium term (6 month) clinical, ar-
throscopic and MRI outcome measures are encourag-
ing.55

Our clinical and arthroscopic outcomes in 3 elbows
with OCD without identified MCD, and treated using
autograft were excellent (Fig 7B), and radiographic and
clinical follow-up to 3 years in 1 dog revealed no pro-
gression of osteoarthritis (Fig 7C and D).45

OCD and MCD

OCD has been most commonly identified in conjunc-
tion with MCD in the same joint. Treatment approach is
then based on the severity of cartilage pathology present,
affecting both the coronoid process and the medial
humeral condyle around or adjacent to the OCD lesion.
When MCD is identified in a joint with OCD of the

Fig 7. (A) Final appearance of 2 osteochondral cores in situ

used to maximally cover elliptical osteochondral defect. Note

that 2nd core overlaps position of 1st core to optimize cover of

osteochondral defect. (B) 12 week postoperative arthroscopic

image showing healthy cartilaginous appearance of OAT graft

(right of image) for treatment of OCD lesion of medial hu-

meral condyle without concomitant MCD. (C) Craniocaudal

and (D) mediolateral radiographic projections of elbow of 3y

8m Labrador Retriever treated 3 years earlier with OAT pro-

cedure for OCD of medial aspect of humeral condyle showing

no progression of periarticular osteophytosis. OAT, osteochon-

dral autograft transfer; OCD, osteochondritis dissecans;

MCD, medial coronoid disease.
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medial humeral condyle, we consider SCO justified,
almost without exception, irrespective of the severity of
arthroscopic or radiographic pathology. This approach is
based on our understanding of the role of incongruity or
focally increased loading in the etiopathogenesis of both
diseases that might compromise healing after any selected
treatment method for the OCD lesion. We have yet to
investigate the potential value of BURP in this regard.

These concerns were further supported by suboptimal
outcomes in 10 of 24 elbows treated for concomitant
MCD and OCD by SCO and OAT procedures.45 Pro-
gression of cartilage pathology of the medial humeral
condyle around the OAT graft site (and at the corre-
sponding remaining medial ulnar articular contact region
proximal to the SCO site) was observed at 12–18 week
second-look arthroscopy. We consider this to be attrib-
utable to HUC39 and on this basis, in a subsequent series
of elbows affected by MCD and OCD without additional
kissing lesions of the medial humeral condyle, we used a
combination of OAT procedures, SCO, and proximal
ulnar osteotomy (PUO). Clinical and second-look ar-
throscopic outcomes appear promising and incorporation
of ulnar osteotomy in the treatment approach is currently
considered responsible for contributing to this outcome.45

PUO. Whereas the optimal configuration, proximo-
distal orientation, and use of intramedullary stabilization
when performing ulnar osteotomy have not been estab-
lished clinically, we consider a number of features to be
important. In an in vitro elbow incongruity model, it was
shown that a distal ulnar osteotomy failed to restore ar-
ticular congruity because of the strong interosseous
ligament, whereas a more proximal osteotomy was
more effective.56 A caudoproximal to craniodistal oblique

osteotomy has been recommended2 to prevent extreme
tilting of the proximal ulnar segment by the pull of the
triceps brachii muscle at the olecranon, to minimize like-
lihood of delayed union of the osteotomy, and to reduce
excessively abundant callus formation attributable to the
inevitable instability at transverse osteotomy sites. Such
instability can in some cases lead to nonunion in our
experience.

In vitro limb loading of a caudoproximal to cranio-
distal oblique osteotomy without intramedullary fixation
results in varus deformity. Whereas the implications of
this have been suggested as being clinically insignificant,57

prevention by intramedullary stabilization has been
proposed,58 but has been associated with some increase
in morbidity (e.g. pin breakage).58,59 We therefore used a
PUO configuration, directed obliquely both caudoprox-
imal to craniodistal ( � 401 to the long axis), and pro-
ximolateral to distomedial ( � 501 to the long axis).45

Results of application of this osteotomy without an
intramedullary pin for treatment of both HUC and
conditions like UAP (with an interfragmentary self-
compressing screw) have been encouraging, with reliable
achievement of bony union without excessive callus
formation, and with positive clinical outcomes.60

MCD and Focal Medial Humeral Condylar Kissing Lesion

As stated, we recommend that MCD is treated locally
by SCO or BURP when identified. Where associated
focal, partial thickness (modified Outerbridge grades 1–3)
cartilage lesions are observed on the surface of the medial
aspect of the humeral condyle, we consider SCO alone
to provide adequate reduction in persistent frictional

Fig 8. Typical appearance of focal modified Outerbridge

grades 3–4 kissing lesion of medial humeral condyle demon-

strating linear abrasion tracts.

Fig 9. Full thickness (modified Outerbridge grade V) carti-

lage pathology throughout medial joint compartment with

extensive exposure of subchondral bone.

294 TREATMENT ALGORITHM FOR DISEASE OF MEDIAL COMPARTMENT OF CANINE ELBOW



abrasion or HUC to support positive clinical outcomes.
Where these lesions are recognized in the same joint as an
OCD lesion, treatment of the OCD lesion by OAT
procedures can still considered appropriate, but ancillary
SCO and PUO are critical to achieving a positive
outcome.

Where focal, deeper (modified Outerbridge grades 3–5)
cartilage lesions are identified on the surface of the medial
aspect of the humeral condyle (Fig 8), we consider that
SCO is unlikely to provide adequate reduction in the
distomedial ulnar contact surface for appropriate ame-
lioration of persistent HUC. In this relatively uncommon
circumstance, adjunctive PUO as described has provided
favorable clinical and arthroscopically evaluated out-
comes in some dogs. Whereas treatment of concomitant
OCD lesions by OAT procedures should be considered, it
may be difficult to adequately resurface the affected me-
dial aspect of the humeral condyle as the lesions do not
have discrete edge margins, unlike isolated solitary lesions
of OCD.

MCD and Extensive Medial Humeral Condylar Kissing

Lesion

In some dogs, MCD is associated with severe lesions
attributable to HUC. The typical appearance is full
thickness (modified Outerbridge grade 4–5) cartilage
pathology across the major portion of the medial joint

compartment, affecting both the medial humeral condyle
and the corresponding distomedial ulnar contact area
(Fig 9). These dogs invariably have severe lameness and
manifest marked pain on elbow manipulation. Lameness
has typically been present for several months, even when
occurring in skeletally immature dogs. In this circum-
stance, long-term prognosis is considered to be severely
guarded after medical management or local surgical
treatment. Even if any underlying incongruity could be
reliably addressed by techniques like PUO or BURP,
formation of a durable barrier between synovial fluid and
subchondral bone by fibrocartilage infilling, or recon-
struction of an appropriate articular contour are con-
sidered highly improbable because of the severity of pre-
existing changes. Therefore such techniques may fail to
address pain or lameness in dogs suffering from end-stage
disease of the medial compartment.

Such severe unicompartmental arthroses are com-
monly identified in the human knee, and focal treatments
have resulted in poor outcomes. Human unicompart-
mental gonioarthrosis has been treated using closing
wedge osteotomies for over 40 years61,62 and efficacy by
transfer of load bearing forces away from the diseased
joint compartment toward a region of more healthy car-
tilage is well accepted. Unicompartmental joint replace-
ment in the canine elbow may hold promise but has not
yet advanced beyond prototype investigation.

Therefore in this scenario, we recommend use of slid-
ing humeral osteotomy (SHO; Fig 10). In vitro studies
have demonstrated the efficacy of humeral osteotomies
in transferring load bearing forces toward the relatively

Fig 10. Radiographs of 7-year-old Labrador retriever with

medial compartment syndrome treated by Sliding Humeral

Osteotomy immediate postoperatively (left image) and 6

months later (right image).

Fig 11. Arthroscopic image of elbow of 2-year-old Rottweiler

12 months after SHO. Medial humeral condyle has complete

fibrocartilage cover of previously eburnated subchondral bone.

Lateral joint compartment remains visibly undiseased. SHO,

sliding humeral osteotomy.
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healthy lateral joint compartment,63,64 with force at the
proximal articular surface of the ulna being decreased
after SHO of 4 and 8mm by 25% and 28% respec-
tively.64 Outcomes of clinical application in 59 elbows
have been positive, and arthroscopic (Fig 11) and histo-
logic documentation of novel fibrocartilaginous cover of
previously eburnated regions has been achieved.65,66 This

is not functional articular cartilage but does provide some
evidence of efficacious unloading of the medial compart-
ment.

Whereas morbidity associated with recent develop-
ments in technique and implant design has been mini-
mized, we have thus far used SHO as a salvage
procedure, reserved for cases where genuine attempts at
nonsurgical or other surgical management have failed.
However, in selected very young dogs affected by full-
thickness cartilage erosion or osteochondral deficits of
the medial compartment and severe clinical debilitation,
there is an argument for early intervention with SHO.
There is evidence that quality of life of these dogs can be
markedly improved and sustained long-term (3 years
in our cases to date).65,66 Proactive preoperative owner
counseling and judicious patient selection are strongly
advised.65

Global Elbow Arthrosis

In some dogs, both medial and lateral joint compart-
ments may be severely diseased, with extensive eburna-
tion of cartilage and subchondral bone of all major
articular structures. Chronic lesions associated with
MCD and/or elbow incongruity are frequently responsi-
ble, although some cases may have previous documen-
tation of concomitant OCD lesions or other pathologies
such as articular fractures and erosive arthropathies.

In this circumstance, salvage procedures like total
elbow arthroplasty (TEA; Figs 12 and 13) or joint arth-
rodesis (Fig 14) may represent the only viable options for
restoration of comfortable limb function. Whereas elbow
arthrodesis may provide marked improvement in comfort
for dogs with severe degenerative joint disease, substan-
tial functional lameness inevitably persists with limb cir-
cumduction and potential associated disability. TEA is

Fig 13. Mediolateral radiograph showing typical postopera-

tive appearance after elbow arthroplasty using the TATETM

prosthesis.

Fig 14. Mediolateral radiograph showing typical postopera-

tive appearance after elbow arthrodesis.

Fig 12. Mediolateral radiograph showing typical postopera-

tive appearance after total elbow arthroplasty using a metal-

on-polyethylene prosthesis.
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widely considered to be preferable to arthrodesis; how-
ever, the high incidence of morbidity and prolonged con-
valescence associated with currently available implant
and instrumentation systems are of concern.67 Novel im-
plant systems (several of which are the subject of ongoing
research), like the TATE system68 may lessen these con-
cerns but long term clinical outcome data is not yet
available.

Summary

We report our current decision making algorithms for
management of diseases of the medial compartment of
the canine elbow. These algorithms are based on our un-
derstanding of and hypotheses regarding the etiopatho-
genesis of MCD, have been refined based on our clinical
experience and will undoubtedly be further refined and
revised with improved understanding of this complex
cornucopia of pathologic changes in dysplastic canine
elbows. The algorithms do create a framework for further
investigative work and optimization of treatment proto-
cols. From our perspective, a number of actions are re-
quired to achieve continued improvement:

Veterinary Education is key if advances are to be made.
It is vital that we achieve broad agreement on qualitative
and descriptive terminology used to refer to commonly
identified manifestations of the range of syndromes
affecting the canine elbow.

Deconstruct—We propose that the terminology elbow
dysplasia be deconstructed and replaced with appro-
priate descriptive nomenclature for the recognized
subcomponents. Such terminology should be cau-
tiously applied to be appropriately inclusive e.g.
MCD rather than fragmented coronoid process.
Redefine—Description of individual cases or groups
of patients should include objective or quantitative
features that are anticipated to be of prognostic value
(such as ‘‘tip’’ versus ‘‘radial incisure’’ fragmentation
of the medial aspect of the coronoid process, modified
Outerbridge scores across the major articular contact
surface zones, use of numerical subjective lameness
scores) until proven otherwise.
Record—Recording of such information in all clinical
cases by using a standardized elbow joint evaluation
form that would result in a more consistent and re-
producible reporting of these details in the peer-
reviewed literature.
Reeducate—education of owners is also of major im-
portance, if only to generate more realistic owner ex-
pectations regarding likely prognosis in individual
cases, which can be expected to vary widely across the
known range of disease manifestations. Owners
frequently have no perception of the spectrum of

pathology currently categorized as elbow dysplasia.
In our experience, owners frequently and erroneously
attempt understanding of the elbow disease process as
akin to hip dysplasia, which most are aware of. We
regularly use written information sheets which are
provided to owners preoperatively and describe a
simplified list of the possible degrees of ‘‘severity’’ for
each disease subtype with possible treatment and
prognostic parameters. This has the additional ben-
efits of emphasizing the importance of postoperative
care compliance and helping to establish informed
consent, which is essential for less traditional proce-
dures where complication incidence or severity might
be less well defined.

Ongoing and continuous evaluations of current and
future treatments are essential to development of a de-
cision-making algorithm.

Feasibility—Whereas most modalities described here
now have sufficient data to establish that they are
clinically viable and that morbidity is sufficiently low
to consider further development, biomechanical and
controlled in-vivo testing will be key to validation and
in some cases necessary for the introduction of newer
modalities of treatment. For example, there may be
an argument to use a technology like cartilage trans-
plantation where outcomes for conventional debride-
ment of OCD lesions may be considered poor, but
ethical implications and requirements of the definition
of ‘‘evidence-based-medicine’’ must be considered
paramount, both when introducing a novel treatment
modality and when introducing an existing treatment
modality to a novel patient group.
Efficacy—For many treatments, the level of evidence
to support their clinical application remains relatively
limited and more detailed efficacy studies are needed.
Whereas subjective assessments such as clinical
lameness evaluation and owner perceptions of func-
tion can provide useful data, they may be strongly
subject to sources of possible bias, and where avail-
able, more objective measures such as force-plate or
kinematic analysis may provide more objective out-
come measures.
Comparison—Within this framework, the potential
exists not only to perform comparison studies be-
tween available techniques within clinical patient
populations, but also to perform comparisons against
more conventional treatment methods and subse-
quently developed novel therapies. Such cohort stud-
ies can then be applied to refine the current treatment
algorithm, not only by inclusion or exclusion of
certain therapies, but also with more accurate defini-
tion of patient selection criteria and prognostic factors.
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Review—We must avoid using parameters which we
can quantitatively measure as the sole determinant of
therapeutic intervention. For example, CT studies
comparing medial coronoid apex/base measurements
of humeroulnar incongruity may be less important in
elucidating etiopathogenesis or directing the treat-
ment of tip/radial incisure fragmentation than obser-
vations which may derive from studies on the
dynamic model of elbow incongruity associated with
musculotendinous/osseous mismatch. As a byproduct
of their relative success or failure, clinical and bio-
mechanical studies of the efficacy of a range of treat-
ment methods can be anticipated to yield information
regarding the etiopathogenic hypotheses and even the
diagnostic imaging modalities around which the re-
spective therapies are directed, furthering our clinical
understanding of the complex spectrum of disease.

We anticipate that through these actions, we can
improve our understanding and ability to treat this com-
plex and challenging spectrum of elbow diseases, and by
doing so, make a contribution to our ultimate goal for
achieving optimal outcomes for our canine patients.
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Objective: To evaluate risk factors for complications, including meniscal injury

and infection, after tibial plateau leveling osteotomy (TPLO) in dogs.
Study Design: Retrospective case series.
Sample Population: Dogs (n=1000; 1146 stifles) with cranial cruciate ligament

(CCL) rupture that had TPLO.
Methods: Medical records (January 2004–March 2009) were reviewed for dogs

operated sequentially by medial arthrotomy with instrumented meniscal inspec-

tion (IMI) and TPLO by a single experienced surgeon. Multiple logistic regression

models were used to evaluate independent contribution of risk factors to the re-

corded complications.
Results: Overall complication rate was 14.8%, of which 6.6% were major com-

plications. Incidence of primary meniscal injury (PMI) was 33.2%, and subse-

quent meniscal injury (SMI) 2.8%. Postoperative infection occurred in 6.6% dogs.

Bilateral CCL rupture was diagnosed in 14.6% dogs and no statistically signifi-

cant complication incidence difference was recorded for simultaneous or staged

bilateral surgical procedures. Administration of postoperative antibacterial ther-

apy and being a Labrador reduced infection incidence, whereas increased body-

weight and being an intact male increased infection risk. Increased body-weight

and complete (versus partial) CCL rupture were significant predictors of overall

complications.
Conclusions: Incidence of SMI recorded in this study is similar to that reported

previously involving arthroscopic meniscal inspection at time of TPLO. Infection

was the single most important complication and antibiotic therapy was protective.

Complication rate did not differ between bilateral simultaneous or staged proce-

dures.
Clinical Relevance: Complication rate after TPLO with arthrotomy and IMI is

lower than previously reported, bilateral simultaneous TPLO is reasonable, and

incidence of major complications compares favorably with general orthopedic

procedures.

Rupture of the cranial cruciate ligament (CCL) is one of
the most common causes of pelvic limb lameness in dogs.1,2

The CrCL is an important stabilizer of cranial displace-
ment of the tibia, prevents hyperextension of the joint, and
internal rotation of the tibia, and opposes cranial tibial
thrust resulting from forces generated by muscle contrac-
tion and external ground reaction forces during the weight
bearing phase.3,4 Instability, because of partial or complete
CCL rupture, can cause or occur concomitantly with in-
flammation, cartilage degradation and meniscal injuries,
leading to development of osteoarthritis.5–8 Diverse causal
factors have been described, though it is generally accepted
that CCL rupture is primarily a degenerative phenomenon
in dogs.3,9–12 Thus, concomitance of biologic and biome-
chanical factors is acknowledged and both are inextricably

contributory to the inexorable deterioration of stifle joint
function. Slocum and Slocum13 proposed that cranial tibial
thrust magnitude was a major component of instability and
was related to tibial plateau angle (TPA). A tibial plateau
leveling osteotomy (TPLO) technique was developed to
convert the cranial tibial thrust force into a joint compres-
sive force, addressing this component of instability, with
the objective of resolution of pain and lameness without
replacing the ligament itself.

Several studies in dogs have evaluated complications
after TPLO surgery, the most frequently reported of which
include tibial tuberosity fracture or avulsion, patellar ten-
donitis, implant related problems, postliminary or subse-
quent meniscal injury (SMI) and infections.14–19 Bilateral
CCL rupture has been reported to occur in as many as 31%
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of dogs with CCL injury.20 Published accounts pertaining
to risk of complications when bilateral simultaneous TPLO
was performed are not consistent, casting some doubt as to
whether this approach should be recommended or cau-
tioned against.14,21,22 Neoplasia associated with the TPLO
surgical site and implants has also been documented.23

SMI, a common cause of lameness after TPLO, could
be related to failure to effectively neutralize cranial tibial
thrust13 or to recognize and appropriately treat primary
meniscal injury (PMI) at the time of TPLO.24 The caudal
pole of the medial meniscus acts as a wedge between the
femoral and tibial condyles and may become crushed dur-
ing cranial tibial translation.25 Medial meniscal release
(MMR) has been recommended based on putative biome-
chanical advantage to mitigate SMI,16,26 but is not com-
pletely protective24 and results in exacerbation of medial
joint compartment loading.27,28 Furthermore, efficacy or
proficiency of ability to thoroughly examine meniscal
structures during arthrotomy has been questioned. In an
‘‘ex vivo’’ study it has been deduced that sensitivity and
specificity for detection of meniscal tears by arthroscopic
evaluation with probe-inspection of the menisci is superior
to arthrotomy with or without probing.27

Infections associated with TPLO occur more fre-
quently than for other clean surgical procedures but pred-
icating factors remain elusive.15–17,29 Treatment protocols
and decision making algorithms have not yet been estab-
lished for infection after TPLO, including whether implant
removal is universally or selectively required for resolution.

Our objective was to report complications associated
with consecutive TPLO surgeries performed in 1000 dogs
by a single surgeon (N.F.) and to elucidate and examine
associated predictive variables. All surgeries were per-
formed by medial parapatellar arthrotomy with assiduous
IMI and removal of the entire CCL where either complete
or partial disruption was grossly apparent. Specific objec-
tives were to determine: (1) if bilateral simultaneous TPLO
had a higher complication rate compared with staged
bilateral TPLO; (2) if breed was a predictive variable for
bilateral CCL rupture; (3) if PMI occurrence was influ-
enced by body weight, breed, TPA, sex, age, whether CCL
rupture is partial or complete and duration of lameness
preoperatively; (4) if the incidence of SMI after arthrotomy
with visual inspection and palpation of the medial menis-
cus assisted by cranial tibial traction would exceed that re-
ported for arthroscopically assisted TPLO; and (5) if
infection rate was influenced by body weight, breed, sex,
age, implant type, type of postoperative bandage, body
temperature, operative time, anesthesia time or provision
of postoperative antibacterial therapy.

MATERIALS AND METHODS

Data Collection

Consecutive medical records (January 2004–March 2009)
of 1000 dogs (1146 stifles) that had TPLO for CCL rupture
were reviewed. Records were selected chronologically and

sequentially starting with March 2009 and working back-
wards until 1000 dogs were identified. For dogs that had
bilateral TPLO, 1 stifle was randomly selected by means of
a coin-toss and used for statistical multivariate analysis
within the wider population group, to assure the indepen-
dence and the reliability of the statistical results. However,
data from bilateral stifles was included for statistical com-
parison of single-session and staged bilateral procedures. A
minimum of 6 months available follow-up determined the
March 2009 cut-off. All TPLO surgeries were performed by
a single surgeon (N.F.) who had performed 4 1000 TPLO
procedures before January 2004 and thus was familiar with
technique application on a daily basis with a large caseload
over 4 5 years, including consistent reproducible use of
instrumentation (saw blade and jig) and implants in a
timely fashion (o 45 minutes per procedure), an efficient
and routine operating practice team, and consistent repro-
ducible patient aftercare.

Diagnosis of CCL rupture was made based on clinical
signs (lameness, pain, medial swelling), cranial draw, tibial
thrust, stifle joint effusion and secondary degenerative
changes on radiographic studies. When bilateral CCL rup-
ture was identified on initial admission, simultaneous
TPLO was offered and subsequently performed in 65 dogs.
If owners declined bilateral simultaneous surgery, dogs had
staged TPLO with the 2nd TPLO occurring 6 weeks after
initial TPLO. All consultations were personally handled by
NF in both verbal and written format (client education
notes) and the decision for simultaneous or staged TPLO
was solely the owner(s) based on currently available best
evidence provided to them. Decisions tended to be influ-
enced primarily by owners’ desire to have a single proce-
dure and their ability to comply with postoperative exercise
restriction instruction. Decision was not based on dog-
specific factors such as bodyweight, age or athletic ability.

Data Retrieved

Information retrieved included duration of lameness, sex,
breed, age, weight, unilateral/bilateral lameness, surgical
time (from surgical incision to closure), anesthesia time (in-
cluding preoperative radiographic evaluation, limb clip-
ping and scrub preparation, postoperative radiography
and bandaging), pre- and postsurgical rectal temperature,
CCL damage (partial/complete rupture), implants and saw
blade used (size, commercial brand), pre- and postopera-
tive TPA, millimeters of rotation of the proximal tibial seg-
ment, meniscal damage and treatment, postoperative
antibacterial therapy and type of postoperative bandage.

Orthogonal bilateral stifle radiographs were taken pre-
operatively and for the affected stifle(s) immediately post-
operatively and at 6 weeks at our hospital. Effective bony
union was defined as progressive trabecular bridging of the
osteotomy, blurring of the cut bone edges and bridging new
bone at the caudal overlap of the bone segments. TPA was
measured using tangential and conventional methods30 by
1 observer (N.F.). Presence or absence of lameness at 6
weeks was recorded.
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Surgical Technique

Using a standard anesthesia protocol, dogs were premedi-
cated with methadone hydrochloride and acepromazine,
and anesthesia induced with propofol and maintained with
isoflurane in oxygen. Epidural morphine (0.15mg/kg)
was administered immediately preoperatively. Cefalexin
(10mg/kg subcutaneously) was administered before clip-
ping the limb from the greater trochanter to the level of the
metatarsus. The foot was covered with an elasticized wrap
(Vetraps, 3MUnited Kingdom PLC, Bracknell, UK) after
initial scrub. Prescrub consisted of chlorhexidine 2% for
Z5 minutes until the skin appeared clean. The extremity
was then wrapped with a clean nonpermeable incontinence
pad and transferred to theater.

The dog was positioned in dorsal recumbency with
the pelvic limb hanging. Surgical scrub was performed
by a gloved assistant using sterile swabs and chlorhexidine
2%. Then chlorhexidine spray (Vetasepts, Animal-
care Ltd., UK) was applied to the surgical area. Cefurox-
ime (22mg/kg; Zinacefs, GlaxoSmithKline, Middlesex,
UK) was administered intravenously 30 minutes before
1st surgical incision. Additional doses were administered
every 2 hours of anesthesia time regardless of operative
time. Routine 4-point field draping was used, the pes was
draped with an impermeable dressing (Eco-drapes Mill-
pledge Veterinary, Clarborough Retforf Notts, UK) and
then coated in a presterilized elasticized wrap (Vetraps)
and an Iobans2 antibacterial drape (3M United King-
dom PLC) was firmly adhered to the exposed limb before
incision.

All dogs had a craniomedial parapatellar arthro-
tomy31 for stifle joint exploration. A small Gelpi retractor
positioned between the femoral intercondylar fossa and the
cranial aspect of the tibial plateau and a Hohmann retrac-
tor placed caudal to the tibial intercondylar eminence were
used to provide optimal exposure by maximally distending
the joint and cranially subluxating the proximal aspect of
the tibia. Where any tear or fibrillar fraying of the CrCL
was visibly or palpably detected, the entire ligament was
excised. The ligament was left in situ only when no grossly
evident tear was visible or palpable.

A blunt probe (001409 Meniscus probe, Veterinary
Instrumentations Limited, Sheffield, UK or 2.5mm tip
probe from canine arthroscopy instrument kit VAR-3000S,
Arthrexs, Naples, FL) was used to palpate both the liga-
ment and the entire surface of the medial meniscus in all
dogs and the tip was hooked under the caudal pole of the
medial meniscus abaxial to the menisco-tibial ligament and
pulled cranially to assess if any caudal detachment of the
meniscus or segment thereof was evident. We considered
this IMI. If damage to the medial meniscus was identified,
the torn portion was removed by partial meniscal resection
(PMR) and MMR was performed by complete transection
of the body of the meniscus caudal to the medial collateral
ligament. Where damage was limited to peripheral detach-
ment of the caudal pole of the medial meniscus, MMR in
isolation was performed.

The surgical procedure was performed as described by
Slocum and Slocum.13 A jig was used and no dissection of
the musculature caudal to the proximal segment was per-
formed nor was any padded protection provided for the
caudal aspect of the TPLO saw blade. Copious cold irriga-
tion fluid was used to limit saw-induced thermal bone dam-
age. A K-wire ‘‘stick-pin’’ of appropriate size was inserted
proximal to the patellar tendon insertion point directed
caudally to temporarily secure the proximal segment after
rotation. The calcaneo-patellar axis was assessed intraop-
eratively using visual and palpable landmarks (lateral tip of
calcaneus, medial malleolus, central axis of patella and fib-
ular head) after rotation of the proximal segment. When
necessary, sagittal realignment was attained by bending the
distal jig pin between the jig and the limb using plate-bend-
ing pliers. Single-pointed fragment-holding forceps were
used to provide craniocaudal compression between the
proximal segment and the tibial tuberosity. The cranial
arm of the forceps was placed distal to the patellar tendon
insertion point to avoid excessive loading of the exposed
tibial tuberosity. The K-wire ‘‘stick pin’’ was retracted
flush with the caudal border of the proximal segment, cut
at the level of the tibial tuberosity, and left in situ. All
osteotomies were secured with appropriately contoured
nonlocking plates with 6–8 self tapping screws (Ort-
homeds UK Ltd., Halifax, UK) depending on dog size—
2.0mm plates (212TL2.0, Slocums Enterprises Inc.); 2.7
or.3.5mm plates (TPLOS27 and TPLOS35 Veterinary
Instrumentations Limited or 07401004/5 or 8/9, Ort-
homeds UK Ltd); or 3.5mm broad plates (107401006/7,
Orthomeds UK Ltd).

Postoperative Care

Methadone (0.3mg/kg every 4 hours) was administered
during hospitalization for analgesia. Meloxicam (0.1mg/kg
once daily) or carprofen (2mg/kg twice daily) was admin-
istered for 4 weeks after hospital discharge. Before Febru-
ary 21, 2007, dogs (n=474) were discharged with an
adhesive postoperative dressing alone (Primapores Smith
& Nephew, London, UK) and after that date, 526 dogs
were discharged 12–36 hours postoperatively with a pro-
tective dressing bandage comprising cotton and elasticized
wrap, with the aim of minimizing direct environmental
contamination. Dogs treated between January 1, 2004 and
March 31, 2008 were administered cefalexin (10mg/kg
twice daily) for 14 days after TPLO. After March 31, 2008
TPLO treated dogs were not administered postoperative
antibacterial therapy.

Skin sutures were removed at 14 days. Postoperative
care consisted of 6 weeks confinement (cage or small room)
when not on leash walking which was allowed up to 6 times
daily beginning at 10 minutes duration per walk and grad-
ually increasing to 30 minutes per walk by week 6. After 6
weeks, free run of the owner’s home was allowed but leash-
only walking was encouraged for all dogs until week 12.
Any dog with residual lameness at 6 weeks was re-assessed
clinically and radiographically at 12 weeks or until
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lameness resolved. Residual lameness was defined as not
fully weight-bearing on the affected limb at rest or any vis-
ible lameness discerned by 1 observer (N.F.) during yard-
walking on a leash.

Complications

Complications were defined as any undesirable outcome
associated with the surgical procedure and were classified
depending on severity as major (surgical intervention re-
quired or lameness for 412 weeks) or minor (managed
nonsurgically).

After Weese,32 definition of surgical site infection (SSI)
was a simplified adaptation from the standard criteria de-
veloped by the US Center for Disease Control and Preven-
tion.33 A wound was considered infected when a purulent
discharge, or an abscess or fistula, and/or 1 or more of the
clinical signs of pain and localized swelling, redness, heat,
fever or deep incision spontaneous dehiscence was identi-
fied on clinical examination, and/or when an organism was
isolated from an aseptically collected sample by culture
and/or a positive cytology study (CytoPaths Ltd, Here-
fordshire, UK).

Statistical Analysis

All statistical analysis were performed using software
(SPSS v17, August 2008, SPSS Inc., Chicago, IL, USA,
and Minitabs v15, 2007, Minitab Inc., State College, PA,
USA). Univariate statistics were obtained for all variables.
A w2 test of independence for discrete variables (bandage;
partial/complete CCL rupture; meniscal injury; postopera-
tive antibiotics; bilateral simultaneous TPLO; bilateral
staged TPLO, sex; breed) grouped and compared with or
without complications, infections, PMI and SMI were
performed. The Mann–Whitney test was used to identify
potential co-distributions between a range of continuous
independent variables (age; weight; pre- and postoperative
TPA; mm rotation; history of lameness; pre- and postop-
erative temperature) with complications (subdivided as
overall complications, infections, PMI and SMI). The
Mann–Whitney test results were used to help construct the
logistic regression model by selecting variables with
P-value � .05 for inclusion in the model. However, vari-
ables with P-value � .07 were also subsequently included
to permit accession of the variables ‘‘Partial or complete
CCL rupture’’ and ‘‘Newfoundland’’ into the model for
complications, ‘‘Postoperative antibiotics’’ into the infec-
tion model and ’’History of lameness’’ into the PMI model.
It was considered appropriate to include these variables
into the respective multivariate models based on subjective
clinical experience and existing literature, and based on
their P-value being close to that originally selected (.05),
which could have been affected by the complex inter-
variable interactions or limited case numbers for each vari-
able grouping.

Results are expressed as mean�SD for normally dis-
tributed variables and median for nonnormally distributed

variables. A forward stepwise logistic regression model was
used to identify the relationship between categorical de-
pendent variables (complication, infection, PMI and SMI)
with continuous and/or categorical independent variables.
Showing the impact of the predictor variables in terms of
odds ratio (OR), ORo 1.0 were considered to indicate a
protective benefit whereas OR4 1.0 indicated a detrimen-
tal effect. A Hosmer-Lemeshow goodness-of-fit test was
performed to assess the overall fit of the logistic regression.
Variables with a P-value � .05 within the log likelihood
test were considered significant contributors to the model.
No multicollinearity or numerical problems were detected
for variables in the equation (model), with Variance Infla-
tion Factor o 1.5 in all dogs. Linearity between the ordi-
nal or interval independent variable and the logit of the
dependent variable was tested creating new variables which
divided the existing independent variables into categories
of equal intervals. A logistic regression with the same
dependent but using the newly categorized version of the
independent as a categorical variable was performed. The
linearity was shown as roughly linear steps in the increases
(or decreases) of the coefficient ‘‘b’’’s. Age, weight, History
of lameness, pre- and postoperative TPA, and mm of rota-
tion were successfully assessed. To express the results of the
forward stepwise logistic regression as a probability of
occurrence of dependent variables, the appropriate
mathematical modifications to convert odds to a simple
probability were performed (Figs 1 and 2).

RESULTS

Signalment

Of the 1000 dogs, 13.3% (133) were intact and 39% (390)
neutered males, 12.7% (127) intact and 35% (350) neutered

Figure 1 The probability of complication occurrence (‘‘y ’’-axis) and as-

sociation with body weight of the dog (‘‘x’’-axis). Scenario 1: A dog

affected by complete CCL rupture. A dog of the same weight affected

by complete CCL rupture has higher probability of complication than a

dog with partial CCL rupture. Heavier dogs have higher complication

rates. Scenario 2: A dog affected by partial CCL rupture. A dog of the

same weight affected by partial CCL rupture has lower probability of

complication than a dog with complete CCL rupture.
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females. TPLO was performed on 538 left and 462 right
stifles. Median age at surgery was 5.6 years (range, 5
months–12.8 years) and median weight was 32 kg (range,
5.4–100 kg). Breeds were mixed (5.3%; 53 dogs) and pure-
bred (94.7%; 947) with 65 different breeds represented. The
most common breeds were Labrador Retriever (n=165),
Rottweiler (116), Golden Retriever (102), English Springer
Spaniel (58), Boxer (50), West HighlandWhite Terrier (47),
German Shepherd Dog (39), Bull Mastiff (34), Jack Russell
Terrier (26), Newfoundland (21) and Dogue de Bordeaux
(17). Summary surgical and anesthetic data are presented
in Table 1.

Instrumentation and Implants

A 12mm TPLO saw blade was used in 11% (n=110),
18mm in 18% (180), 24mm in 58% (580) and 30mm in
13% (130) of the dogs. A 3.5mm plate (107401008/9, Ort-
homeds [n=545]; TPLOS35, Veterinary Instrumenta-
tions [n=158]) was most commonly used. A 3.5mm
broad plate (107401006/7, Orthomeds) was used in heav-

ier dogs (median weight, 60Kg; range, 42–100 kg; n=33)
and a 2.0mm plate (212TL2.0, Slocums Enterprises Inc.)
was used in dogs with a median weight of 10 kg (range,
9–12 kg; n=87). The other dogs had a 2.7mm plate
(TPLOS27, Veterinary Instrumentations [n=125];
107401004/5, Orthomed [n=52]).

Complications

All intraoperative complications associated with technique
were instantly addressed (eg, malposition of the proximal
jig pin or misdirection of a screw). Postoperative complica-
tions occurred in 148 dogs (14.8%; 66 infections, 28 SMI,
and 54 other complications). There were 66 major and 82
minor complications Major complications were SMI
(n=28); plate removal with (20) and without (6) positive
microbial culture; tibial tuberosity fracture/avulsion (4);
medial patellar luxation (3); cranial migration of the
K-wire (2); delayed CCL excision(2); and broken proximal
screw (1). The most common minor complications were 46
infections (69% infections) that resolved medically and 8
dogs with incisional seroma (5.4% total complications).
Other minor complications were lameness (440 days,
n=7); reduced range of stifle motion (5), patellar tendon
thickening (3), slow bony union (3); pivot shift (3); joint
capsule swelling (2); patella osteophyte fracture (1); posi-
tive tibial thrust (1); nondisplaced fracture of the tibial
tuberosity (1); fracture of the stick pin K wire (1); and
fibular fracture (1). Plate removal was performed as part of
infection treatment in 20 dogs (31% of infections) and in 6
dogs, plate removal was performed for suspected infection.

Findings of univariate analyses (Mann–Whitney test
and w2 analysis respectively) used to identify dependent and
independent variables in the multivariate model are shown
in Tables 2 and 3. For the general multivariate model,
weight, preoperative TPA, postoperative partial versus
complete CCL rupture, intact male, mm rotation of the
proximal segment and the breeds Labrador, West High-
land White Terrier and Newfoundland were introduced to
assess association with the incidence of complications.
Weight (P=.01) and partial/complete rupture CCL
(P=.04) were predictors of complications in our model.
Heavier dogs had higher risk of complications (OR=1.02;
95% CI=1.01, 1.03) per kg. Dogs affected by partial CCL
rupture had lower risk of complication (OR 0.60;
95% CI=0.36, 0.99). The model fitted the data well
(Hosmer–Lemeshow w2 P=.55; Table 4; Fig 1)

Bilateral Simultaneous versus Staged TPLO

On admission, 14.6% (146 dogs) had bilateral CCL rupture
and 65 of these dogs had simultaneous bilateral TPLO. For
the 81 staged TPLO, median time between surgeries was 62
days. Univariate analysis (Tables 2 and 3) confirmed no
association between postoperative complications (includ-
ing infection) for bilateral simultaneous or staged TPLO,
so these variables were not considered for any multivariate
model. A Pearson w2 test showed that there was no

Table 1 Summary of General Surgical Data for 1000 TPLO Dogs

Median Range

Preoperative TPA 251 (121–461)

Postoperative TPA 6.51 (01–171)

Rotation of the proximal fragment 7.5 mm (2–16 mm)

History of lameness 560 days (1–2920 days)

Surgery time 30 min (22–48 min)

Surgery time bilateral simultaneous 58 min (44–75 min)

Anesthesia time 180 min (120–265 min)

Temperature before surgery 37.11C (32.9–39.81C)

Temperature after surgery 36.51C (32.9–39.81C)

Figure 2 The probability of occurrence of infection (‘‘y ’’-axis) and as-

sociation with body weight of the dog (‘‘x’’-axis). Scenario 1: The dog is

not an intact male Labrador and was not administered postoperative an-

tibiotics. Scenario 2: The dog is an intact male. The risk of infection oc-

currence is higher. Scenario 3: The dog is an intact male Labrador. Being

a Labrador is a protective factor in our model. Scenario 4: Administration

of antibiotics to the same dog as in Scenario 3, had a protective effect in

our model.
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significant difference for incidence of postoperative com-
plications (P=.54; OR 1.2; 95%CI=0.62, 2.42) or infec-
tions (P=.68; OR 1.21; 95%CI=0.47, 3.14) between
staged procedures by comparison with those performed
simultaneously (Table 5). Median time for contralateral
CCL rupture in dogs not diagnosed with bilateral CCL
rupture on initial admission was 11 months.

CCL Disease

All CCL affected by complete or partial tear on visual and
instrumented palpation inspection were resected. In 2 dogs
(both Boxer breed) where the ligament was grossly intact,
delayed ligament excision was subsequently performed be-
cause of failure of lameness to resolve by week 6. In these
dogs there was pain response evident upon attempts to
obtain cranial tibial thrust, though instability was not
detected. No tissue reaction was noted associated with the
implants in these 2 dogs. The excised ligaments were mildly
swollen and appeared to lack the well defined reticular pat-
tern of collagen fibrils, but were not clearly discernable
from normal. Histopathologic examination (Cytopaths,
Ledbury, Herefordshire, UK) was performed on both ex-
cised ligaments and revealed inflammatory and metaplastic
changes.

Meniscal injury

PMI. The sex distribution of 319 dogs (33.2%) with PMI
was 39.7% (132) neutered males, 32.2% (109) neutered fe-
males, 13.7% (46) intact males and 13.4% (45) intact
females. There was no association between breed and PMI
(Tables 2 and 3). For the general multivariable model, age
and partial versus complete CCL rupture were introduced
to assess association with the incidence of PMI (Table 6).
Dogs with complete CCL rupture (P=.01) had higher risk
of PMI (OR=1.91; 95% CI=1.19, 3.07). The model fit-
ted the data well (Hosmer–Lemeshow w2 P=.32). Types
of PMI (Table 7) were classified according to Pozzi et al.34

Secondary Meniscal Injury (SMI). Twenty-eight dogs
(2.8%) were diagnosed with, and re-operated for subse-
quent postliminary meniscal injury. Median time for clin-
ical manifestation of SMI was 125 days (range, 14–450

days). Clinical features included pain when pressure was
applied to the caudomedial stifle (84%), lameness at 6 weeks
(69%; 11.5% with lameness severity 4 2/10), sudden acute
nonweight-bearing lameness (26.9%), postoperative pres-
ence of an audible click (19.3%), and thigh muscle wastage
(11.5%). Persistent marked synovial effusion was radio-
graphically evident on admission and 7.6% had measurable
increase in periarticular osteophytosis. The incidence of SMI
in the group which had been treated by PMR and MMR at
the initial inspection was 0.1% (n=3), whereas the inci-
dence of SMI in dogs with intact medial menisci initially was
3.7% (n=25). The OR for SMI in dogs where the medial
meniscus was intact at initial surgery was OR=4.24 (95%
CI=1.42, 14.20) compared with those affected by SMI that
had MMR at initial surgery.

Infection

Of 66 dogs (6.6%) with postoperative infection, 36 were
confirmed by positive bacterial culture and 30 were diag-
nosed based on clinical signs as previously defined. Clinical
signs of infection became apparent at 25 days (median;
range, 7–60 days) in dogs administered antibiotics postop-
eratively and the median duration of subsequent therapeu-
tic antibacterial therapy was 68 days (range, 15–240 days).
In dogs not administered postoperative antibiotics, signs of
clinical infection became apparent at 18 days (median;
range, 7–30 days) and the duration of subsequent antibi-
otic treatment was 33 days (median; range, 15–79 days).
A Mann–Whitney test confirmed that the time of infec-
tion occurrence subsequent to surgical intervention, was
statistically significantly different between dogs treated
with postoperative antibacterial therapy (Mann–Whitney
P=.024) by comparison with those not administered an-
tibiotic therapy. The difference in the duration of treatment
was also statistically significantly different between the 2
groups (Mann–Whitney P=.013).

Implants were removed in 30.3% of dogs with infec-
tion (Tables 8 and 9) because resolution of heat, pain or
swelling on palpation and manipulation of the affected
joint was not forthcoming or lameness was not resolving.
After plate removal, lameness resolved in a median of 38
days (range 15–45 days). Median duration of antibacterial

Table 2 Univariable Mann–Whitney T-Test for Continuous Variables

Variables

P-Value

Complications Infections Primary Meniscal Injury Subsequent Meniscal Injury Bilateral CCL Rupture

Age (months) .19 .14 .02� .09 .08

Weight (kg) .01� .01� .29 .69 .02�

TPA preoperative (mm) .04� .10 .23 .91 .03�

TPA postoperative (mm) .45 .80 .85

Mm of rotation .06� .05� .57

History of Lameness (days) .99 .98 .06� .68 .07

Preoperative Temperature (1C) .57 .71 .36

Variables with �were considered for the binary logistic regression.
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therapy for dogs requiring plate removal was statistically
higher (90 days) compared with those where plate removal
was not considered necessary on the basis of reduction of
heat, pain or swelling or lameness resolution (54 days;
Mann–Whitney P=.01).

For the general multivariable model, weight, breed:
Labrador, sex: intact male, administration of postoperative
antibiotics and mm magnitude CCL rupture of proximal
segment rotation, were introduced to assess association with
the incidence of infection. Weight, Labrador breed dogs, in-
tact males, and administration of postoperative antibiotics
were statistically significant predictors of occurrence or non-
occurrence of infection (Table 10). Heavier dogs (OR=1.02;
95% CI=1.01, 1.04) and intact males (OR=1.85; 95%
CI=0.99, 3.57) were associated with greater incidence of in-
fection, whereas being a Labrador (OR=0.31; 95%
CI=0.11, 0.87) and the administration of postoperative
antibiotics (OR=0.54; 95% CI=0.31, 0.92) were associ-
ated with lower incidence of infection. Seven hundred and
fifty TPLO (75%) had postoperative antibacterial therapy
for 14 days whereas 25% (250) did not. There was no differ-
ence in infection frequency recorded for dogs bandaged with
a padded dressing versus a light adhesive dressing (Table 3)
and no statistical association between infection and duration
of anesthesia (median, 180min) or duration of surgery
(median, 30min; Table 2). The model fitted the data well
(Hosmer–Lemeshow w2 P=.49; Fig 2).

DISCUSSION

To our knowledge, this is the largest reported sequential
case series of TPLO procedures performed by a single sur-

geon after the procedural learning curve. Our objective was
to examine risk factor variables influencing complications
after TPLO treatment of Cr CL deficient stifles.

Study Limitations

We acknowledge a number of important limitations to our
study design. The retrospective nature of our study is a sig-
nificant limitation that introduces various potential sources
of bias, particularly with regard to clinical selection crite-
ria, surgeon/clinic specific factors and reporting inaccura-
cies, although the large number of cases recruited may go
some way to justifying study design. It is relevant that
most dogs were not specifically clinically reassessed at Z6
months and the failure of dogs to present for recurrent
lameness during this timescale was recorded as an absence
of complication. This may be particularly pertinent with
regard to SMI. We cannot exclude the possibility that
lameness recurred and that owners elected care at a differ-
ent clinic or did not to seek veterinary advice whatsoever.

However, we consider this to be a relatively modest
limitation for several reasons: (A) the referral base of pri-
mary care clinicians and the author have a close working
relationship, many for more than a decade, and almost
without exception, are relatively close geographically; (B)
both clients and referring clinicians were instructed and ac-
cepted as part of normal protocol that if any case operated
developed lameness again on the same leg(s) on any day of
the week, we would perform physical examination of the
dog free of charge regardless of how long after the initial
injury the problem occurred. All owners were briefed both
verbally and in written format at the outset that if dogs be-
came lame at any time point after surgery, SMI was a

Table 4 Variables Associated with ‘‘complications’’ in Logistic Regression Model

Variable Estimate P-Value OR

95% CI

Lower Upper

Constant� � 2.56 .01 0.11

Weight� 0.021 .01 1.02 1.01 1.03

Partial/complete CCL rupture� (Partial) � 0.50 .04 0.60 0.36 0.99

Preoperative TPA � 0.033 .26 0.96 0.89 1.03

Mm rotation 0.077 .29 1.08 0.93 1.26

Intact Male � 0.34 .15 0.70 0.43 1.13

Newfoundland � 0.16 .76 0.84 0.29 2.48

Labrador 0.55 .06 1.74 1.00 3.04

West Highland White Terrier 0.61 .43 1.86 0.39 8.83

OR = odds ratio; 95% CI = confidence interval with 95%; Estimate = value of the predictor in the model.
�Statistically significant results Po .05.

Table 5 Incidence of Complications and Infection for 65 Bilateral Simultaneous TPLO Compared with 81 Staged TPLO

Age (years) Weight (kg) Total Complications (%) Total Infections (%)

Staged TPLO 5.7� 2.62 33.6� 15.79 30/130 (23%) 11/130 (8.4%)

Bilateral simultaneous TPLO 5.1� 3.68 29.6� 15.09 24/130 (18.4%) 13/130 (10%)

P-value 0.84 0.18

95% CI 0.755 (0.41–1.37) 1.2 (0.5–2.79)

w2 test for difference in proportion between simultaneous and staged bilateral TPLO. Null hypothesis: proportions were equal. P4 .05 for incidence of

both complications and infection.
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significant consideration. If SMI were diagnosed, surgical
intervention was performed at cost price; (C) the surgeon
(N.F.) insisted that all 2 and 6 week re-check appointments
and radiography were performed at his clinic and to en-
courage compliance, no ancillary charges were levied for
these services; (D) every dog still lame at 6 weeks postop-
eratively was seen every 2–4 weeks until lameness resolu-
tion; and (E) the national licensing authority recommends
that if a dog is operated at a 2nd facility after previous sur-
gical intervention, that clinic should request clinical history
from the initial surgeon. This did not occur for any dog in
this series. Thus, we submit that it is likely that if lameness,
SMI or other significant complications were present at 6
weeks or occurred at any time-point during the study, we
would be made aware with few exceptions.

The nature of our statistical analyses represents a fur-
ther potential limitation. Binary Logistic regression is not
as restrictive regarding assumptions as least squares regres-
sion (does not require normally distributed variables, does
not assume homoscedasticity). While there is no assump-
tion of linearity between the binary dependent variable and
categorical ‘‘independent’’ variables, there is absolutely an
assumption of linearity between the log odds (logit) of the
binary dependent variable and continuous independent
variables. Trying to minimize the likelihood of multicollin-
earity and the independency of the errors, we elected to re-
duce the number of independent variables in the model
(avoiding redundant information) and in animals that un-

derwent bilateral procedures a single stifle was randomly
selected as representative to assure independence of the
results.

The lack of pertinent control groups for each variable
assessed represents another potential limitation, and is par-
ticularly relevant to the effects of MMR on incidence of
SMI, so conclusions regarding such effects cannot be
made. Similarly, the relatively narrow ranges for such sur-
geon-dependent factors as surgical and anesthetic time,
and the restriction of the study to a single anesthetic pro-
tocol, primary surgeon, and surgical technique, and to a
limited range of postoperative management protocols is a
further potential limitation (albeit also one of the strengths
of this study). As a result, comparison with the results
of other surgeons in other facilities should be cautiously
interpreted.

Overview of Complications

Previously reported complication rates for TPLO are
18–34%15–17; tibial tuberosity advancement 31%35; fibular
head transposition 16.5–27%36,37; lateral fabello-tibial su-
ture 17.4%.38 Therefore this case series presents the lowest
complication rate published to date for any technique de-
scribed for treatment of CCL rupture in dogs. Major
(44.6%) and minor (55.4%) complication rates were simi-
lar to Pacchiana et al16 (major 37%, minor 63%); however
in our case series most complications (44.5%) were infec-
tion-associated whereas in previous reports mechanical
failure constituted most complications.16,17 Omission of
dogs operated during the procedural learning curve may
influence type and incidence of complications.39 All
complications in our dogs resolved after secondary
intervention.

Binary logistic regression illustrated that body weight
and complete CCL rupture were significantly associated
with complications. Body weight has been reported as a
risk factor for complication in fabello-tibial suture treat-
ment of CCL rupture.38 No other variable, including
breed, was found to have a statistically significant influence
on incidence of overall complications. This concurred with
a report of complications associated with fabello-tibial su-
ture for treatment of CCL rupture38 but was contrary to
the findings reported for another TPLO case series16 where

Table 6 Variables Associated with ‘‘Primary Meniscal Injury’’ in a

Logistic Regression Model

Variable Estimate P-value OR

95% CI

Lower Upper

Constant � 1.55 .01 0.21

Age (months) 0.012 .06 1.01 1.00 1.01

Partial CCL rupture (Complete)� 0.65 .01 1.91 1.19 3.07

�Statistically significant results Po .05.

OR, odds ratio; 95% CI, confidence interval with 95%; Estimate, value

of the predictor in the model.

Table 7 Types of Primary and Secondary Meniscal Injury (PMI and

SMI) Diagnosed by Instrumented Systematic Inspection of the Medial

Meniscus by Arthrotomy with Cranial Traction of the Tibia in 1000 Dogs

Type of Meniscal Injury

PMI

(%)

SMI

(%)

Displaced bucket handle tear of caudal pole medial

meniscus

44.6 46.2

Peripheral detachment caudal pole medial meniscus 25.2 3.8

Displaced bucket handle tear of axial margin of medial

meniscus

10.6 3.8

Non-displaced bucket handle tear of axial margin of medial

meniscus

8.7 18.2

Radial fibrillation of axial margin of medial meniscus 8.7 15.4

Multiple bucket handle tears of the caudal pole of medial

meniscus

2.1 8.7

Table 8 Bacteria Isolated in 36 Dogs that had TPLO by Whether or Not

Plate Removal was Considered Necessary for Resolution

Bacterium Isolated

Without Plate

Removal

With Plate

Removal

Staphylococcus aureus 16 (3 MRSA) 5 (1 MRSA)

Staphylococcus intermedius 5 1

Streptococcus spp. Coagulase

negative

5 1

Pseudomonas aeruginosa 7 0

Actinobacter spp. 2 1

Escherichia coli 1 0

MRSA, Methicillin-resistant Staphylococcus aureus.
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higher complication rates were associated with Rottweilers
compared with Labrador Retrievers. There was no associ-
ation between preoperative TPA and complication rate, in
agreement with previous reports.16

Technique and Implants

It has been suggested that locking plate technology may
have salient advantages for use in TPLO40; however, use
of conventional plating technique in our dogs did not re-
sult in significant complications. Leaving the ‘‘stick pin’’
in position after rotation of the proximal segment
resulted in 2 complications, 1 of which required pin
removal. However, we rationalized that the ‘‘stick pin’’
may contribute to maintenance of osteotomy apposition
when torsional corrections are indicated or where only
2mm screws are accommodated because of paucity of
bone stock.

Delayed bony union occurred in 3 dogs, without clin-
ical consequence. There is some debate about whether elec-
tive plate removal is advisable.41 We did not remove
implants where lameness resolved by week 6, but implants
were removed in 6 dogs where microbial culture was neg-
ative, and lameness subsequently resolved. Potential expla-

nations include infection where we failed to identify a
causative organism or mechanical irritation or inflamma-
tion associated with the implants. Whether lameness would
have resolved without plate removal in these dogs remains
unknown, and because removal could be considered elec-
tive, these dogs may have artifactually elevated our major
complication rate.

Medial patellar luxation occurred as a complication in
3 dogs. This could be attributable to instability associated
with CCL rupture, suboptimal correction of calcaneo-
patellar alignment, parapatellar arthrotomy technique,
preexisting quadriceps malalignment, or could be coinci-
dental.42 Tibial tuberosity transposition and trochlear
sulcoplasty were performed to address this complication31

in all 3 dogs and no long term adverse sequelae occurred.
Previously reported incidence of tibial tuberosity frac-

ture/avulsion after TPLO was 3–9%,15–17 whereas this
complication affected only 0.4% dogs in our series. Com-
paring the relative width of the exposed tibial tuberosity
and the craniocaudal width of the proximal tibia as de-
scribed by Bergh et al,22 the mean ratio for these 4 dogs was
0.215� .06mm, which did not align with the maximum risk
group reported.22 Preoperative TPA4 341 was present for
44 dogs and in 32% of these dogs the proximal segment
was rotated distal to the ‘‘safe point’’ described by Talaat
et al.43 We postulate that maximizing tuberosity thickness
and minimizing the osteotomy gap may limit incidence of
tuberosity fractures.

Recommended postoperative TPA based on in vitro
analyses has typically ranged from 5–6.51.26,44,45 Median
postoperative angle of 6.51 (range, 0–171) we report is sim-
ilar to that of Priddy et al15 (mean, 6.5� 3.91; range, � 7.0
to 24.01). In only 1 dog did lack of adequate neutralization
of cranial tibial thrust manifest as a complication and this
resolved after physical therapy.

The incidence of patellar tendon thickening in our
dogs was low by comparison with other reports.17 All
radiographic follow-up was performed at our facility to
ensure standardization of radiographic technique and post-
operative leash-only walking was strictly enforced. All
cases of stiffness, reduced range of motion or pivot shift

Table 9 Antibiotic Susceptibility Results for 24 Dogs

Antibiotic

S. aureus S. aureus MRSA P. aeruginosa S. intermedius

n = 13 n = 3 n = 6 n = 2

Methicillin 20%R 80%S 100%R 66%R 33%S 50%R 50%S

Amoxycillin/clavulamic acid 20%R 80%S 100%R 66%R 33%S 100%R

Cephalexin 20%R 80%S 100%R 66%R 33%S

Cephalozin 20%R 80%S 100%R 66%R 33%S

Enrofloxacin 20%R 80%S 100%R 33%R 66%S

Trimethoprim—Sulphamethoxazole 100%S 100%S 50%R 50%S

Tetracycline 100%S 100%S 50%R 50%S

Gentamicin 100%S 100%S

Marbofloxacin 20%R 80%S 100%R 100%S

Clindamycin 100%S 100%S 100%S 100%R

R, resistance; S, susceptible.

Table 10 Variables Associated with ‘‘Infection’’ in a Logistic Regres-

sion Model

Variable Estimate P-value OR

95% CI

Lower Upper

Constant � 3.53 .01� 0.02

Weight (Kg) 0.024 .01� 1.02 1.01 1.04

Mm rotation. 0.039 .46 1.04 0.92 1.19

Intact Male 0.61 .05� 1.85 0.99 3.57

Postoperative antibacterial

therapy

� 0.61 .02� 0.54 0.31 0.92

Labrador � 1.15 .02� 0.31 0.11 0.87

�Statistically significant results Po .05.

OR, odds ratio; 95% CI, confidence interval with 95%; Estimate, value

of the predictor in the model.
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resolved (median, 45 days) with judicious physical therapy
and hydrotherapy.46–48

CCL Disease

It has been well established that both biologic and biome-
chanical factors contribute to CCL rupture, and efforts to
resolve joint pathology by addressing mechanical factors
and osseous geometry in isolation may not provide a com-
prehensive solution for diseased stifle joints. 3,9–12,49–51 We
did not remove grossly intact ligaments because it has been
reported that such ligaments may serve a useful role in
controlling internal rotation and promoting normalized
joint mechanics, which are not addressed by TPLO, and
may appear functional on second-look arthroscopy.41

However, increased inflammatory and apoptotic activity
in CCL rupture in dogs by comparison with human ACL
rupture suggest different pathogeneses12,52 and it has been
shown that structural degradation of the CCL often pre-
cedes rupture in dogs.49,53 It has been argued that debride-
ment of only diseased fibers of CCL rupture may leave
some functional elements whilst decreasing the inflamma-
tory cascade perpetuated by exposed collagen fibrils.53 We
removed all grossly diseased ligaments because it has been
shown that there are no detectable microstructural dif-
ferences between visibly intact and disrupted portions of
partially torn ligaments.12 Furthermore, perpetuation of
concomitant degeneration and inflammation has been as-
sociated with diseased CCL.50

The 2 dogs where lameness did not resolve until resec-
tion of the apparently intact CCL are particularly interest-
ing. Pain was elicited on attempts to obtain cranial tibial
thrust before resection and there was no pain on such
manipulation after resection, and lameness resolved by 6
weeks after delayed CCL resection. Histologic examination
of both ligaments revealed diffuse collagen fiber disruption,
chondroid metaplasia, fibrosis, edema and lymphocytic in-
flammation. It is likely that ligament resection was the pri-
mary arbiter of resolution of clinical signs and that pain
could have been associated with nociceptive feedback
from the ligament or degeneration of the ligament and as-
sociated inflammatory response. Whether resection of
the CCL should be recommended for all dogs operated
by TPLO regardless of physical appearance thereof is
unknown.

Bilateral Simultaneous versus Staged TPLO

Bilateral CCL rupture was identified on admission in 17%
of our dogs, similar to the previously reported incidence of
10–31%.16,17,20,21 There was no identified breed predispo-
sition for bilateral CCL rupture. It has been suggested that
21–60% of dogs with unilateral CCL rupture may ulti-
mately sustain CCL rupture of the contralateral stifle
within 14 months from initial surgery.10,20,21,54 Our study
concurs with this finding showing similar time interval for
delayed contralateral CCL rupture, with a median of 11
months. Barnhart et al21 reported that definitive surgical

treatment of bilateral CCL rupture with single-session bi-
lateral TPLO is a safe and effective alternative to staged
procedures, whereas other authors have advised against
single-session bilateral procedures with a complication rate
of up to 40%.15,55 We did not find any statistically signifi-
cant difference in complications between bilateral simulta-
neous TPLO and staged TPLO. Median operative time for
bilateral procedures was 58min which is short compared
with a previous report.17 We submit that shifting body
weight onto a diseased contralateral limb may be problem-
atic for some dogs and emphasize assiduous attention to
osteotomy position, meniscal inspection, and postopera-
tive care.

Meniscal Injury

PMI. Medial meniscal pathology is a commonly reported
sequel of CrCL impairment with reported incidence be-
tween 20% and 77%.56–59 In our dogs, complete CCL rup-
ture was associated with higher incidence of PMI than
partial CCL rupture (OR=1.91; 95% CI=1.19, 3.07) as
previously reported.57 This may intimate a mechanically
protective effect of the remaining portion of CCL in partial
tears. The functional role of the medial meniscus has been
well established in people and animals60–63 and most PMIs
involve the caudal horn of the medial meniscus, likely as a
result of its firm attachment to the tibial plateau.58,64–69 In
our dogs, as in previous reports, most PMIs constitute ver-
tical longitudinal ‘‘bucket-handle’’ tears.58

SMI. There was statistically significant increased inci-
dence of SMI in dogs where intact menisci were observed
at initial intervention, with OR=4.24 (95%CI=1.42, 14)
by comparison with those dogs that had undergone MMR.
However, because no visibly normal menisci were released,
direct comparison of dogs with intact menisci and dogs
with intact menisci that had MMR with respect to devel-
opment of SMI is not possible. Three dogs that had MMR
performed still sustained SMI. Meniscal release was not
performed for menisci of normal appearance and texture in
this case series because it was considered that the relative
risk of SMI was more acceptable than potentially subject-
ing all dogs to more severe focal cartilage wear that might
be anticipated after MMR or PMR.27,70–72

It has been suggested that a higher likelihood of SMI af-
ter TPLO with arthrotomy versus arthroscopically assisted
TPLO without MMR may reflect lack of identification of
PMI because of difficulty in evaluating the meniscus fully
at arthrotomy.24 The low rate of SMI after IMI and ar-
throtomy in our study (2.8%) was less than that reported
(3.3%) for IMI during arthroscopically assisted TPLO
without MMR, and substantially less than that previously
reported for TPLO with arthrotomy without MMR
(10.5%) or with MMR (5.2%).24 This may be in part at-
tributable to the shorter follow-up time for some of our
dogs than that previously reported,24 where time to SMI
after arthrotomy with MMR was 721.5� 808. days and
without MMR was 423� 295.6 days, although further
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investigation is required to confirm this. We submit that
assiduous attention to IMI, whether performed by arthro-
tomy or arthroscopically is likely to reduce incidence of
SMI, with the caveat that magnification and ease of inspec-
tion is undoubtedly facilitated by arthroscopic evaluation
of the stifle, as for other joints.

Infection

Reported postoperative infection rates in dogs are 3.5–5%
for all procedure types and 1.6–2.5% for clean proce-
dures.32,73 The rate of infection after TPLO manifested as
septic arthritis, osteomyelitis or superficial wound infection
has been reported at 3–7%.15–17,29,39 It has been suggested
that increased infection rate associated with TPLO may be
attributed to periosteal dissection, prolonged surgical time,
thermal necrosis at the site of the osteotomy or implant
characteristics.39,74 Other factors may include application
of plates of large surface area to relatively small bone seg-
ments in tight periosteal apposition at a superficial site.
Whether this could be alleviated by use of locking plate
technology remains unknown. In our dogs, we feel it is un-
likely that excessive dissection played a role because our
surgical protocol involved no separation of tissues caudal
to the proximal segment.

Our infection rate was statistically lower in dogs ad-
ministered postoperative antibacterial therapy with an
odds ratio OR=0.55 (95%CI=0.31, 0.92). Administra-
tion of perioperative antibacterial therapy may be protec-
tive against developing surgical site infections75 in spite of
the general recommendation against prophylactic antibac-
terial therapy for ‘‘clean’’ orthopedic procedures.29 This
finding is surprising, albeit supported by anecdotal obser-
vations by other surgeons and we acknowledge that
administration of postoperative antibiotics after clean or-
thopedic procedures remains contentious. Nonetheless, we
feel it is relevant to present this data and feel that all rea-
sonable effort has been expended to remove confounding
variables.

More than half of the cases of infection resolved with-
out implant removal in spite of bacteriologic culture results
in most dogs revealing gram-positive bacteria (Staphylococ-
cus aureus [n=16], S. intermedius,5 Streptococcus spp.5)
as reported previously16,38 with 18.7% of S. aureus being
methicillin-resistant. Gram-positive aerobic bacteria have
the capacity to produce polysaccharide biofilm76–78

that may protect bacteria from phagocytosis and may pre-
clude access of antibacterial therapy for curative effect. It
may be that antibacterial therapy was implemented early
enough in our dogs that implant removal proved unneces-
sary. Recalcitrance of clinical signs associated with infec-
tion prompted implant removal in 30.3% (20 dogs). It is
intuitive therefore that duration of antibacterial therapy
for those dogs where plate removal proved necessary was
longer than when plate removal was not performed
(Mann–Whitney P=.01).

It has been proposed that several risk factors may pre-
dispose to infection, such as anesthetic agent, length of an-

esthesia, length of operative procedure, dog age, implant
type, body temperature, or bandaging79–82 None of these
variables were identified as significant risk factors in our
model. However, binary logistic regression after adjusting
for several variables revealed that Labrador retrievers had
a lower incidence of infection compared with other breeds,
whereas male dogs had higher risk. Increasing body weight
was also found to be an important predictor of infection in
agreement with a previous report.75 We could establish no
statistical correlation between duration of anesthesia (me-
dian, 180min) or duration of surgery (median, 30min) and
infection rate, in contrast to some previously studies.75,82,83

The total duration of anesthesia included dog clipping,
general preparation, preoperative radiography, transfer to
operating theater and draping, postoperative bandaging,
and radiographic studies before recovery. Operative time
was short compared with previously reported mean surgi-
cal times of 45–106 minutes.15,16 In people, body tempera-
ture has a significant effect on rate of postoperative
infection of surgical sites and preoperative thermal en-
hancement is desirable.84 In our dogs, there was no corre-
lation between rate of infection and body temperature at
beginning or end of anesthesia in agreement with a previ-
ous study.85

Summarily, we concluded that (1) bilateral simulta-
neous TPLO does not have a higher complication rate
than staged TPLO; (2) breed is not a predictive variable
for bilateral CCL rupture; (3) PMI occurrence is not in-
fluenced by breed, TPA, sex, age, or lameness duration
but occurs with increased incidence when CCL rupture
is complete (versus partial). Complications generally
increase with increased body weight; (4) the incidence
of SMI after arthrotomy with visual and palpation in-
spection of the medial meniscus assisted by cranial tibial
traction does not exceed that reported for arthroscopic-
ally assisted TPLO; and (5) infection rate is not influ-
enced by age, implant type, type of postoperative
bandage, body temperature, operative time or anesthesia
time, but infection rate increases with increased body
weight or being male and decreases for the Labrador re-
triever breed and in association with administration of
postoperative antibacterial therapy.

We report the lowest complication rate to date for any
technique for treatment of CCL rupture. Whereas statisti-
cal significance was established for several predictors of
complications after TPLO, the major implications are to
illustrate epidemiologic trends and to emphasize the im-
portance of concomitant consideration of both biological
and biomechanical factors influencing stifle joint disease.
Whilst careful attention to geometry and position of the
osteotomy and assiduous meniscal inspection undoubtedly
contributed to reduced rate of mechanical complications
associated with TPLO, attention to biologic factors like
debridement of the diseased cranial cruciate ligament,
treatment of meniscal pathology and optimization of joint
kinematics through appropriate postoperative care, with
particular attention to factors potentially predisposing for
infection are equally important.
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INTRODUCTION 8 

The canine elbow is a composite joint made up of the humero-radial, humero-ulnar, and proximal 9 

radio-ulnar articulations (1). Luxation of any of the three bones that form the elbow joint affects two 10 

of the component joints (2). Elbow luxation has been classified as traumatic, congenital or 11 

developmental (3). The congenital or developmental forms have been sub-classified according to 12 

variations in luxation anatomy (2). Humero-radial luxation (Type 1) occurs when the radial head is 13 

displaced, and the humero-radial and proximo radio-ulnar articulations are disrupted. Humero-ulnar 14 

luxation (Type 2) occurs when ulnar displacement results in disruption of the humero-ulnar and 15 

proximal radio-ulnar articulations, and combined humero-radial and humero-ulnar luxation (Type 3) 16 

occurs when both the radius and ulna are displaced as a unit, causing disruptions of the humero-17 

radial and humero-ulnar articulations.  18 

 19 

Radial head luxation is the commonest form of atraumatic canine elbow luxation (2). Whether radial 20 

head luxation is congenital or developmental can be difficult to establish, due to late recognition of 21 

the deformity, and the similarity of radiographic findings regardless of aetiology (4). In humans, 22 

congenital radial head luxation occurs as a result of failure of normal embryonic elbow joint 23 

development, which is under genetic control (5). In contrast, the aetiology of canine radial head 24 

luxation remains unclear. A hereditary basis has been suggested, based on the frequency of bilateral 25 

involvement, the occurrence of radial head luxation in more than one littermate, and the occurrence 26 

of multiple orthopaedic anomalies in some individuals (6-8). Hereditary radial head luxation 27 

secondary to premature closure of the distal ulnar physis has been identified in Sky Terriers (9). Whilst 28 

controversy exists regarding the aetiology of radial head luxation, most authors accept a 29 

pathophysiologic hypothesis involving laxity of the peri-articular elbow ligaments, coincident with 30 



radial and ulnar growth disturbances (2-9). These growth disturbances are most commonly caused by 31 

premature closure of the distal ulnar physis (10-11). 32 

 33 

Congenital or developmental radial head luxation has been recorded in a wide variety of small and 34 

large breed dogs (3, 7, 12). Although radial head luxation has been recognized at birth, minimal 35 

impairment in early life often predisposes to late diagnosis, and most owners first notice a problem 36 

between three and five months of age (9, 13). There is a poor correlation between the degree of 37 

deformity and the amount of lameness or elbow pain (13). In one case series, all but one owner 38 

noticed elbow deformity (rather than limping) as the primary abnormality (2). Clinical signs include 39 

mild thoracic limb lameness, elbow discomfort, reduced elbow range of motion, carpal valgus, and a 40 

palpable radial head on the lateral aspect of the joint (13). Luxation is usually in a caudolateral 41 

direction, with the ulna in a relatively normal location (2). Radiographic findings include a convex 42 

radial articular fovea, distal humeral angular deformity, medial deviation and distortion of the 43 

olecranon, and cranial curvature of the proximal ulna (2). In some cases, ulnar trochlear notch 44 

incongruity and hypoplasia or aplasia of the medial coronoid process or anconeal process are 45 

additional features (2). 46 

 47 

Currently there is no accepted ideal treatment protocol for developmental canine radial head 48 

luxation. This may be a consequence of the inconsistent nature of published surgical reports, and the 49 

absence of data detailing the long-term natural progression of non-surgically managed radial head 50 

luxation. Some authors argue that mild clinical signs justify a conservative approach, with exercise 51 

restriction and careful radiographic monitoring until skeletal maturity is reached (13). The 52 

development of pain or progressive subluxation of the elbow might prompt a decision for delayed 53 

surgical intervention (13). The counter-argument for early surgical intervention focuses on the 54 

concept that reduction of the radial head before 5 months of age will result in better remodeling of 55 

the articular cartilage than if surgery is delayed (14). Surgical options fall into broad categories of 56 

open reduction and stabilization, radial head ostectomy, and arthrodesis (13). The techniques 57 

described and the surgical outcomes vary widely, and depend on the chronicity of luxation and the 58 

degree of secondary change to articular cartilage, subchondral bone and peri-articular soft tissues (4, 59 



8-9). In this case report, we describe the surgical technique and outcome for a dog managed surgically 60 

for developmental radial head luxation using an external skeletal traction device to gradually reduce 61 

the luxated radial head. 62 

 63 

 64 

 65 

 66 

 67 
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 88 



CASE REPORT 89 

 A five-months-old 14-kg female Airedale Terrier presented with a history of right thoracic limb 90 

lameness. The dog had been in the owner’s possession for two months and had been lame since 91 

acquisition. There had been no known trauma during this time or within the first three months of life. 92 

Lameness appeared to progress insidiously, and was worse after exercise or after rising from a prone 93 

position. No medical or surgical treatments had been undertaken prior to specialist referral. 94 

 95 

There was a 2/5 right thoracic limb lameness (using a numerical rating scale without descriptors (10)). 96 

The radial head could be palpated in a laterally luxated position. Elbow range of motion was restricted 97 

compared to the normal contralateral elbow by approximately 20o in flexion (55o (right) vs 35o (left)) 98 

and 15o in extension (145o (right) vs 160o (left)). A severe pain response (vocalizing) was induced by 99 

full elbow flexion or extension. The radial head could not be reduced either in the conscious or 100 

sedated dog. Orthogonal radiographs of the right elbow joint were obtained (Figure 1A and B). The 101 

radial head was luxated caudolaterally, with the proximal radial articular surface positioned ~5mm 102 

proximal to the humeral capitular articular surface. The degree of lateral and caudal displacement of 103 

the radial head was 11mm and 16mm, respectively. The ulnar coronoid process was absent, and there 104 

was humeroulnar incongruity, with a 2-3mm gap between the humeral condyle and the 105 

caudoproximal aspect of the ulnar trochlear notch. The subchondral bone of the radial head articular 106 

surface appeared moderately convex in profile in both the frontal and sagittal planes. The location 107 

and appearance of the distal radial and ulnar growth plates were normal. 108 

 109 

Pre-operative planning 110 

Using the normal contralateral elbow as a radiographic template, the intended location of the 111 

reduced radial head in the sagittal and frontal planes was traced onto acetate sheets and 112 

superimposed onto the radiographs shown in Figure 1. The radiographic centre of the radial articular 113 

surface was marked in the luxated and reduced positions and a line was drawn between these two 114 

points in both planes (Figure 2). These lines corresponded to the direction of traction in the sagittal 115 

and frontal planes that would enable appropriate reduction of the luxated radial head. Lines 116 

corresponding to the sagittal plane axis and frontal plane axis of the radial diaphysis were drawn, and 117 



the angles intersecting the intended lines of traction were recorded for subsequent intra-operative 118 

use in orienting the traction wires and radial osteotomy (Figure 2). Two 1.1mm k-wires were pre-119 

contoured to the angles between the intended lines of traction and the distal radial sagittal and 120 

frontal plane axes. These wires were sterilised and used to aid intra-operative aiming of the traction 121 

wires. 122 

 123 

Surgical Technique 124 

With the dog positioned in left lateral recumbency, a ~7-mm longitudinal skin incision was made 125 

lateral to and directly over the luxated radial head. A 1.6mm stopper wire (IMEX Veterinary Inc, 126 

Longview, TX, USA) was positioned at the osteochondral junction immediately adjacent to the lateral 127 

extremity of the radial articular surface. Care was taken to ensure that the orientation of this wire 128 

closely matched the intended plane of traction. Orientation of the wire relative to the axis of the 129 

radial diaphysis was determined according to the pre-operative plan described above. The pre-130 

contoured k-wires were superimposed over the distal radial diaphysis by a surgical assistant. These 131 

wires were used to template the orientation of the first traction wire. After drilling of the wire to a 132 

point where the stopper was seated against the radial head, the leading end of the stopper wire was 133 

mounted through a cannulated fixation bolt to the first hole on an 8 hole 1/3 spinal arch positioned 134 

craniomedially (Figure 3A). The trailing edge of the wire was cut short immediately adjacent to the 135 

stopper. A second stopper wire was positioned on the radial head 6mm caudodistal to the first wire. 136 

This wire was drilled directly towards hole-3 on the 1/3 spinal arch. The intentional slight divergence 137 

of the two traction wires in the frontal plane was intended to reduce the potential for stopper wire 138 

cutout through the soft bone of the radial head. Care was taken to avoid locating the distal traction 139 

wire either through the proximal radial physis or distal to it because traction applied distal to the 140 

physis might increase the risk of iatrogenic detachment of the proximal radial epiphysis. The leading 141 

and trailing ends of wire 2 were treated in the same way as those of wire 1. Two 70mm linear 142 

distraction motors were attached to holes 2 and 5 of the 1/3 spinal arch on its caudal aspect, using 2-143 

hole (from spinal arch hole-2) and 1-hole (from spinal arch hole-5) posts to offset the linear motors 144 

from the spinal arch. The linear motors were oriented parallel to the traction wires, and their free 145 

ends were mounted on an 84mm internal diameter 19 hole stretch ring positioned caudoproximal to 146 



the olecranon process of the ulna (Figure 3B). Three partially end threaded 3mm (Ellis) pins were 147 

mounted off the stretch ring using one hole posts coupled with two hole posts to allow freedom of 148 

Ellis pin alignment in multiple planes. Two Ellis pins converged onto the olecranon process of the ulna 149 

from caudomedial to craniolateral. The third pin (mounted off a 7cm threaded connecting bar 150 

coupled with a 2 hole post) was drilled into the proximal ulnar metaphysis from caudolateral to 151 

craniomedial (Figures 3A and B).  152 

 153 

A craniolateral approach was made to the proximal radial metaphysis (16). An oblique radial 154 

osteotomy was made in a plane parallel to traction wire 1, approximately 8mm distal to wire 2, using 155 

a pneumatic microsagittal saw (Microaire, Charlottesville, VA, USA). Acute traction was applied via the 156 

linear motors. Tension within the periarticular ligamentous and capsular tissues (in particular the 157 

lateral collateral ligament) precluded acute reduction beyond 4mm of craniomedial displacement of 158 

the radial head. The surgical incision used to approach the radial osteotomy was closed routinely. No 159 

attempt was made to close the skin overlying the stopper ends of the traction wires (Figure 3D). 160 

Postoperative radiographs documented appropriate traction wire and osteotomy alignment and 161 

satisfactory implant positioning. 162 

 163 

Post-operative Management 164 

Postoperative analgesia consisted of methadone (0.3 mg/kg intramuscular every 4 hours; Martindale 165 

Pharma, Romford, UK) for 24 hours, followed by buprenorphine (0.02 mg/kg intramuscular every 8 166 

hours; Reckitt Benckiser Healthcare, Hull, UK) for 48 hours. Carprofen was administered 167 

postoperatively at 2 mg/kg orally twice daily for one week, reducing to 2 mg/kg orally once daily for 2 168 

weeks thereafter. The pin-skin interface was allowed to form a cutaneous scab, and no pin-skin 169 

interface cleaning was adopted. Cage rest and lead-only walking (10 minutes four times daily) were 170 

recommended until complete radial head reduction and consolidation of the radial osteotomy was 171 

documented. The dog was hospitalized until radial head traction had been discontinued.  172 

 173 



A 48 hours lag phase was allowed following the 4mm acute intraoperative reduction. This was 174 

followed by daily traction at a rate and rhythm of 0.25mm four times per day for 12 days.   All 175 

external skeletal tractions were performed without chemical restraint and no painful response was 176 

noted. Lameness was graded as 8/10 to 10/10 while the external skeletal traction device was in place. 177 

After nine days of traction, increasing torque was noted when turning the linear motors. Orthogonal 178 

radiographs demonstrated incomplete radial head reduction. The total expected translation distance 179 

was 13mm, but actual translation (calculated as the vector of frontal plane translation and sagittal 180 

plane translation) approximated 9mm. Premature union of the radial osteotomy was the suspected 181 

cause of this discrepancy. Routine general anaesthesia was induced ten days post-operatively and the 182 

craniomedial approach to the proximal radius was repeated. A fibro-osseous callus cuff was elevated 183 

from the radial ostoetomy site using a sharp periosteal elevator. The radial osteotomy was revised 184 

using a sharp osteotome and mallet. The traction wires were acutely tensioned to produce a further 185 

2mm reduction and the surgical wound was closed routinely. Traction was reapplied at a rate of 186 

0.5mm three times daily.  187 

 188 

Orthogonal radiographs were obtained every three days after the second surgery. Radiographs 189 

obtained six days after the second surgery (16 days after the first surgery) confirmed appropriate 190 

reduction of the radial head in both planes. Medial traction was discontinued. The leading end of the 191 

most distal of the two stopper wires was detached from the arch and a medial crook was fashioned so 192 

that reversal of the direction of traction caused the crook to engage the medial aspect of the radial 193 

head (Figure 4). The stopper end of this wire was tensioned by hand in a caudolateral direction and 194 

was attached to the caudolateral aspect of the ulnar stretch ring using an Imex SK™ small clamp (IMEX 195 

Veterinary Inc, Longview, TX, USA) connected to the ring via a short threaded rod (Figure 5). The 196 

proximal stopper wire was tensioned by hand in the opposite direction (the original craniomedial 197 

direction of traction) so that the radial head was fixed in position via paired wires tensioned in 198 

opposite directions. A consolidation phase of eight days followed, with removal of the traction device 199 

under deep sedation a total of 25 days post-operatively. Radiographs taken immediately before 200 

implant removal confirmed complete osseous union.  201 



 202 

Physical therapy prior to traction frame removal consisted of passive range of elbow motion exercises 203 

performed four times daily. This protocol continued for until two weeks after traction frame removal. 204 

Hydrotherapy was started one week following traction frame removal, with 10-20 minutes swimming 205 

sessions performed three times per week for a further six weeks.  206 

 207 

Lameness grade improved rapidly after traction frame removal from 8/10 immediately after ESF 208 

removal to 4/10 after two weeks. Lameness continued to improve and was graded as 1/10 at the 3 209 

months reassessment. Comfortable range of elbow motion was equivalent to the contralateral elbow 210 

at this time. Radiographs documented maintenance of optimal radial head reduction and remodeling 211 

of the radial head towards a more concave appearance (Figure 6). Exercise restriction was relaxed and 212 

the dog was allowed unrestricted exercise from four months after surgery. Clinical and radiographic 213 

reassessments were performed two years after surgery, and final clinical reassessment was 214 

performed three years after surgery. At both assessments, exercise remained unrestricted, and 215 

lameness was not reported. Gait exam failed to demonstrate any lameness, although force plate 216 

analysis three years post-operatively demonstrated asymmetry in thoracic limb peak vertical force 217 

(left 92% of body weight, right 105% of body weight). Mild progression of periarticular osteophytosis 218 

was documented radiographically at this time (Figure 7).  219 

 220 

 221 

 222 

 223 

DISCUSSION 224 

Developmental canine radial head luxation is a rare condition that lacks a well-defined treatment 225 

method with a consistently successful outcome (14). To date, there are only 16 documented cases of 226 

the surgical management of congenital or developmental canine radial head luxation (14, 17-19). 227 

Although these reports share a surgical goal of restoration of normal elbow joint anatomy, there is 228 

considerable variation in surgical technique. To our knowledge, this is the first report describing the 229 



gradual reduction of a luxated radial head. In contrast to the majority of affected dogs, there was 230 

severe lameness and elbow pain on presentation. Although the severity of clinical signs in this case 231 

warranted prompt surgical intervention, the decision-making process for canine radial head luxation 232 

is not always straightforward (13). For dogs with mild clinical signs, the primary goal of surgical 233 

intervention is essentially prophylactic, and is based on an assumption that the natural history of 234 

persistent dislocation will not be benign, and might involve long-term lameness, restricted range of 235 

elbow motion, persistent deformity, and progressive osteoarthrosis. Based on a lack of long-term 236 

follow up for dogs managed without surgical intervention, the predicted natural progression for radial 237 

head luxation remains speculative. Thus, owners should be made aware that there is currently no 238 

clear evidence for a beneficial effect of surgical intervention in mildly affected dogs. If surgical 239 

intervention is chosen, there is a clear rationale for early intervention (14, 17-19). Chronic radial head 240 

luxation leads to changes in the proximal joint surface of the radius (2). This surface, which is normally 241 

concave, becomes progressively more convex over time as a result of a lack of contact with an 242 

apposing articular cartilage surface. In children managed surgically for chronic posttraumatic radial 243 

head luxation, a good prognosis depends upon the presence of a normal concave radial head articular 244 

surface, and is not dependent on the age of the patient and duration of the dislocation per se (20). In 245 

contrast, the case described demonstrated a remarkable capacity for radial head remodeling, a 246 

phenomenon which has been documented previously in dogs, and which is reportedly significantly 247 

obtunded if treatment is delayed until after 5-6 months of age (21).  248 

 249 

Traction external skeletal fixation management of radial head luxation differs from acute surgical 250 

reduction not only in the concept of gradual reduction itself, but also in the principles for 251 

maintenance of reduction. Acute surgical radial head reduction requires multiple stages completed 252 

within a single procedure; namely, (1) mobilization of the radial head; (2) transposition of the radial 253 

head into the appropriate weight-bearing axis; (3) proximal radio-ulnar stabilization, and/or (4) 254 

temporary humero-radial stabilization. Mobilization of the radial head involves oblique proximal 255 

radial osteotomy as described, or partial (closing wedge) ostectomy (14, 17, 18), with or without 256 

partial transection of the interosseous ligament (9). In cases of radial head sub-luxation, proximal 257 

ulnar osteotomy and partial interosseous ligament transection may be sufficient to allow acute radial 258 



head reduction (9). Transposition of the radial head must be performed with extreme care to avoid 259 

iatrogenic detachment of the proximal radial epiphysis, regardless of whether reduction is acute or 260 

gradual (13). During traction ESF placement, meticulous attention to detail is required when 261 

positioning the stopper wires to avoid distal placement and subsequent bone cutout into the physis. 262 

This is best achieved as described by positioning the first traction wire as proximal as possible at the 263 

junction between the radial head articular cartilage and the epiphysis. This maximizes the available 264 

epiphyseal bone stock so that the distal wire can also be inserted sufficiently proximal to the physis. 265 

In normal elbow joints, the medial and lateral collateral ligaments and elbow joint capsule contribute 266 

to the functional integrity of the humero-radial joint compartment, and the annular and interosseous 267 

ligaments contribute to the integrity of the radio-ulnar joint (1). These structures are usually stretched 268 

or torn when radial head luxation occurs, although pathological tension within the interosseous and 269 

lateral collateral ligaments can impede radial head reduction (4). In some cases, acute radial head 270 

mobilization and reduction may only be possible after transection of the interosseous ligament, 271 

leaving a radial head segment that is very unstable after reduction (9). Consequently, the radial head 272 

segment must be stabilized internally (or externally as reported herein). This has been most 273 

commonly achieved via induced radio-ulnar synostosis using positional screws (17), or via temporary 274 

humero-radial stabilization using a trans-articular pin (14, 18). The traction fixator enables gradual 275 

plastic deformation of the periarticular ligamentous support, followed by a consolidation phase 276 

during which the external fixator maintains radial head reduction whilst periarticular ligamentous 277 

remodeling occurs. There are obvious potential advantages to this approach in comparison to either 278 

induced radio-ulnar synostosis or the use of a trans-articular pin. Induced synostosis of the radius and 279 

ulna is associated with a high risk of progressive elbow incongruity in the rapidly growing dog and 280 

should be avoided whenever possible (14). Concerns with trans-articular pin include disruption of the 281 

physes, implant fracture or migration, articular cartilage trauma, delayed physiotherapy, and impaired 282 

limb growth due to prolonged external coaptation (14). Postoperative physiotherapy is possible 283 

during the traction and consolidation phases of traction external fixation, and regular radiographic 284 

assessment can prompt subtle adjustments in radial head positioning, neither of which is possible 285 

after acute reduction and trans-articular stabilization. 286 

 287 



Meticulous pre-operative planning, precise surgical technique and careful post-operative monitoring 288 

are critical to the success of gradual radial head traction. In particular, correct alignment of the paired 289 

stopper pins is important to ensure an appropriate traction direction. Although sequential 290 

postoperative radiographs allow traction frame adjustment in the event of traction malalignment, this 291 

complication should be avoidable with proper attention to detail. Optimal rate and rhythm for 292 

traction were chosen empirically, with acute traction being applied to the limit of radial head 293 

reduction allowed by the periarticular soft-tissues. In this case, premature fibro-osseous union of the 294 

radial osteotomy implied underestimation of the ideal traction rate and rhythm. The recommended 295 

maximum distraction rate for distraction osteogenesis of 1-1.5mm per day (22) may be 296 

inappropriately low when applied to this form of traction fixation. The long oblique osteotomy and 297 

distraction plane oriented parallel to the osteotomy plane should produce a large surface area of 298 

osseous apposition allowing relatively fast traction rates. It is noteworthy that the calculated and 299 

actual traction rates were dissimilar in this case. Many factors may have contributed to this error, 300 

including limitations in the accuracy of orthogonal radiography in calculating the traction vector, 301 

flexibility of the traction fixator construct itself, and bone cutout of the stopper wires in the soft bone 302 

of the radial head. Whilst every case should be approached on an individual basis, based on our 303 

experience, we recommend initial acute intraoperative traction to the limits imposed by the 304 

periarticular soft tissue envelope. This should be followed by a traction rate and rhythm of 0.5mm 305 

four times daily with or without a 48 hours lag period. Although a lag period has been demonstrated 306 

to induce more prolific osseous healing when employed prior to distraction osteogenesis (23), it is not 307 

an essential precaution (24). Thus, based on our experience of premature osseous union, there may 308 

be a potential benefit to avoiding any delays in distraction. Orthogonal radiographs should be 309 

obtained every 3 days until optimal radial head reduction is confirmed. While not applied in this case, 310 

confirmation of the best possible elbow congruity could be confirmed after implant removal using 311 

computed tomography.  312 

 313 

In the case described, significant remodeling of the radial head occurred over two months, and 314 

excellent pain free elbow function was maintained for three years. Nevertheless, it is important to 315 

recognize that obvious coexistent anatomic anomalies were present, including ulnar notch 316 



incongruity and ulnar coronoid process aplasia. Although we agree with previous authors that good 317 

results can be achieved with careful assessment of each case and an individualized treatment 318 

approach (13-14, 17-19), further study is required to definitively establish the aetiopathogenesis of 319 

congenital radial head luxation, and to design an appropriate treatment algorithm for canine radial 320 

head luxation. The method described represents a surgical option that allows stabilization of the 321 

radial head without compromise of the elbow joint articular cartilage or creation of a radio-ulnar 322 

synostosis. Thus, a realistic expectation of this procedure should be the long-term improvement of 323 

limb function with reduced pain, rather than the full restoration of athletic function in every operated 324 

dog. 325 

 326 

 327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 
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FIGURE LEGENDS 386 

Figure 1: Orthogonal radiographs of the right elbow joint, including the entire antebrachium. Note the 387 

caudolateral luxation of the radial head. Other abnormalities include absence of the coronoid process 388 

of the ulna and overt humeroulnar (notch) incongruity. The location and appearance of the distal 389 

radial and ulnar growth plates were normal. 390 



 391 

 392 

Figure 2: Pre-operative planning: The blue lines represent the radial sagittal plane axis (A) and frontal 393 

plane axis (B). These axes are plotted through circles centred in the morphologically normal distal half 394 

of the radius. The actual and intended locations of the radiographic centre of the radial head are 395 

marked in the sagittal (A) and frontal (B) planes using red circles. The red arrows represent the 396 

intended lines of traction in the sagittal and frontal planes. It was necessary to estimate the resultant 397 

vector intraoperatively to ensure the appropriate direction of traction in three dimensions. 398 



 399 

 400 

Figure 3: Immediate post-operative radiographs (A, B), schematic image (C) and photograph (D) 401 

showing the oblique proximal radial osteotomy and traction ESF. Note the position of the proximal 402 

stopper wire at the level of the osteochondral junction. Avoidance of a distal traction wire location 403 

either through the physis or distal to it is considered important. Traction applied distal to the physis 404 

might increase the risk of iatrogenic detachment of the proximal radial epiphysis. The distal stopper 405 

wire was positioned approximately 6mm distal to the proximal wire and proximal to the physis. 406 



 407 

 408 

Figure 4: Schematic image demonstrating preparation of the traction wires immediately before the 409 

consolidation phase. Radiographs taken 16 days after the initial surgery confirmed appropriate 410 

positioning of the radial head. Note that the distal traction wire has been modified by application of a 411 

medial crook and reversal of the direction of tension to the wire. The resultant force on the radial 412 

head is tension applied in opposite directions in order to provide increased stability of fixation of the 413 

radial heal and facilitate rapid consolidation of the fibro-osseous callus. 414 



 415 

Figure 5: Orthogonal radiographs taken immediately prior to removal of the traction ESF (day 25 after 416 

the original surgery): Note that the distal traction wire has a medial crook, which engages the medial 417 

cortex when tension is applied to the wire in the opposite direction to tension from the proximal 418 

stopper wire. 419 

 420 



Figure 6: Orthogonal radiographs of the operated right elbow taken four months post-operatively. 421 

There has been limited remodeling of the radial head towards a more concave appearance. Humero-422 

ulnar incongruity can still be appreciated, and there is marked subtrochlear sclerosis and moderate 423 

periarticular osteophytosis. 424 

 425 

 426 

Figure 7: Orthogonal radiographs of the operated right elbow taken three years post-operatively. 427 

There is mild progression of periarticular osteophytosis. 428 

 429 
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Osteochondral Autograft Transfer System (OATS) and Synthetic Osteochondral Core (SOC) for 

treatment of OCD 

Biceps Ulnar Release Procedure – technique and application 

 

American College of Veterinary Surgeons Symposium, USA, 2009 

Algorithm for Management of Medial Compartment Disorders of the Canine Elbow 

Algorithm for Management of Antebrachial Growth Deformity in Dogs 

 

American College of Veterinary Surgeons Symposium, USA, 2010 

New Horizons for Feline Appendicular Trauma 

New Horizons for Feline Joint Surgery 

Distraction – Fusion for Canine Lumbo-sacral Disease 

 

Norwegian Small Animal Veterinary Association, Tromso, Norway, April 2010 

Antebrachial growth deformities 

Caudal cervical spondylomyelopathy and lumbosacral disease 

Algorithm of treatment for elbow dysplasia 

Advances in external skeletal fixation 

Feline trauma – new insights 

Hip Dysplasia 

Disease of the canine stifle 

 

Australian Surgery Chapter Gold Coast Australia June 2010 

Pelvic fractures – is a cat like a small dog? 

New horizons – Feline coxofemoral, stifle and elbow joint including the feline hip – from medical 

management to surgical salvage and beyond 

Elbow and stifle disease – from disruption to salvation and everything in between 

SPIDER for metacarpal and metatarsal fractures and luxations. Are pins better than plates? 

Overview of algorithm for management of antebrachial growth deformity in dogs. Including the 

DRAPPER frame and DOME osteotomy 

Application of a variably pitched cannulated screw and bioblique dynamic ulnar osteotomy for 

treatment of ununited anconeal process in Dogs 

Treatment of ossification of the humeral condyle and recalcitrant elbow fractures 

New thoughts on repair and salvage of the capus and metacarpus – Acutrak, DCOI, PAWS 

New thoughts on repair and salvage of the tarsus and metatarsus 

Algorithm for management of medial compartment disorders of the canine elbow 



- Aetiopathogenic postulates of developmental elbow disease 

- Treatment algorithm for DED – SCO, BURP, PUO 

- Treatment algorithm for DED – OC implants, autogenous and synthetic 

- Current concepts in management of DED – SHO 

- Experiences with TATE and Iowa TER 

 

VA3 Conference, Naples, Florida, USA, August 2010 

Biceps Ulnar Release Procedure – Clinical Update  

 

World Veterinary Orthopaedic Conference Bologna, Italy, September 2010 

How would I treat MCD? 

Sliding Humeral Osteotomy:  current status and complications 

Novel modular limb salvage endoprosthesis for treatment of primary appendicular tumours in dogs:  

short term outcome 

Constrained Total Knee Replacement, a novel prosthesis for salvage arthroplasty in the dog and cat 

Long term follow-up of lumbosacral distraction-fusion using combined dorsal and ventral fixation 

including a novel intervertebral spacer device 

Challenging elbow fractures 

Developmental elbow disease – algorithm of decision making 

Endoprostheses for limb salvage 

Sliding humeral osteotomy  

Lumbosacral distraction fusion for lumbosacral disease in dogs   

Constrained total knee replacement 

Wierd fracture treatment 

 

British Veterinary Association, Glasgow, Scotland, September 2010 

Treatment too far – a challenge for the veterinary profession  

 

American College of Veterinary Surgeons Symposium, USA, October 2010 

External Skeletal Fixation for Pelvic Fractures 

New Horizons for feline joint surgery 

New horizons for feline appendicular trauma 

 

BSAVA Congress, Birmingham, UK, March 2011 

Canine bone tumours – the ethics of limb sparing 

 

Southern European Veterinary Congress, Barcelona, Spain, April 2011 

Complex elbow fractures 

Hip dysplasia 

Developmental elbow disease 

Complex fracture repair 

 

British Small Animal Veterinary Association, Belfast, Northern Ireland, May 2011 

Hip dysplasia 

Lumbosacral disease and cervical spondylomyelopathy  



Canine stifle disease 

Limb salvage with ensoprostheses 

Feline joint disease 

Feline appendicular trauma 

Algorithm for treatment of developmental elbow disease 

Pelvic fractures in cats and dogs 

 

British Veterinary Nursing Association, Belfast, Northern Ireland, May 2011 

Nursing Frustrations of orthopaedics and neurosurgery 

 

Polish Small Animal Veterinary Association, Warsaw, Poland, June 2011 

Feline Appendicular Trauma 

Developmental Elbow Disease 

Hip Dysplasia – to cut or not to cut 

Cruciate Disease, an overview 

 

Royal Society of Medicine, London UK, June 2011 

Medical Innovations – Bionics  

 

VA3 Conference, Naples, Florida, USA, August 2011 

Biceps Ulnar Release Procedure – Arthroscopic Technique 

Synthetic Osteochondral Substitute: Technique and Outcome 

 

British Veterinary Nursing Association, Chester, UK, October 2011 

Nursing Frustrations of orthopaedics and neurosurgery 

 

University College Dublin Student Annual Lecture, Dublin, Ireland October 2011 

New Horizons in Orthopaedics and Neurosurgery 

 

American College of Veterinary Surgeons Symposium, USA, 2011 

Subtotal coronoid ostectomy:  Indications and Outcome 

Cervical, Thoracolumbar and Lumbosacral Spine: Novel Internal Fixation Devices 

Spinal Fractures and Lumbosacral Disease in Cats:  Pins and PMMA 

The FITS – Fitz Intervertebral Traction Screw 

Bone and Tendon –Ingrowth prosthesis  

Decision making in Cranial Cruciate Ligament Disease 

 

London Veterinary Show, London, UK, November 2011 

Osteoarthritis – medical and surgical management 

 

University of Surrey, UK, January 2012 

Where is your career going? 

 

University of Leipzig sponsored German Small Animal Veterinary Congress, January 2012 

Endo and exo-prostheses for limb salvage 



Total joint replacement vs arthrodesis  

 

Royal College of Veterinary Surgeons Students forum, Hatfield, UK, February 2012 

Conventional and Bionic options for Joint surgery 

 

The Ohio State University Grand Rounds, Columbus Ohio, March 2012 

Going Out on a Limb – New Concepts for Joint and Limb Surgery 

 

Wentworth Medical Memorial lecture March 2012 

Knee Surgery – a veterinary perspective 

 

Technology and Innovation in Medical Sciences, Imperial College, London, UK, March 2012 

One Life One Medicine: A New Paradigm: Cross-species innovation and translation 

 

British Veterinary Orthopaedic Association, Birmingham, UK, April 2012 

Sliding humeral osteotomy  

 

Royal College of Veterinary Surgeons Students forum, Hatfield, UK, May 2012 

Innovation in Clinical Veterinary Practice: what is the cost of change?  

 

Orthofun Conference, Rome, Italy May 2012 

Antebrachial growth deformities including DOME osteotomy 

Arthrodesis vs Joint Replacement 

Complex Elbow Fractures and IOHC 

Complex Total Hip replacement 

Developmental Elbow Disease 

Endo- and Exo- prostheses for limb salvage 

Trauma to the feline appendicular skeleton 

Feline Joint disease – Trauma and arthroplasty 

Fitz intervertebral spacer screw for lumbar and cervical spinal fusion  

 

University of Surrey, UK, May 2012 

Innovations Forum - A Reason Big enough 

 

British Small Animal Veterinary Association, Devon, UK, June 2012 

Spinal disease – myths and misconceptions 

 

UKRad Annual Conference, Manchester, UK, June 2012 

What Man can learn from a dog: Cross-species innovation and translation 

Advanced imaging of the Canine Skeleton 

 

University of Surrey, UK, July 2012 

The Art of Science 

 

European College of Veterinary Surgeons symposium, Barcelona, Spain, July 2012 



TTA/MMT in cats 

Multiligamentous Stifle Injuries 

Bone, tendon and skin ingrowth prostheses for limb salvage 

 

European Society of Veterinary Orthopaedics and Traumatology, Bologna, Italy, September 2012 

Introduction of a novel osteo-inductive tubular fixation device for treatment of IOHC and HIF; elbow 

fractures in cats 

Algorithm of treatment for severe elbow dysplasia 

Arthrodesis versus novel joint replacement of the shoulder, elbow, stifle and hock in cats and dogs 

New approaches to old problems in feline joint, long bone and spinal trauma 

Challenging fractures, non-unions and revision surgeries including elbow and pelvis in cats and small 

dogs 

THR for trauma – innovative strategies 

THR in small breed dogs and cats 

Application of CT and computer assisted planning for growth deformity correction using true 

spherical dome osteotomy 

Arthrodesis or repair versus limb salvage with endo and exo-prostheses for distal limb injuries in cats 

and dogs 

The development of novel rapid DNA based diagnostic microbiology tools to study the epidemiology 

of bacterial infections in referral practice 

 

VA3 Conference, Naples, Florida, USA, August 2012 

Application of a novel osteointegration screw for treatment of humeral intracondylar fissure and 

humeral unicondylar fracture in dogs 

Medial Compartment disease of the canine elbow – classification 

Synthetic osteochondral resurfacing (SOCR) in canine OCD 

 

Paley Institute Lecture, West Palm Beach, Florida, USA August 2012 

Amputation and prostheses in dogs and cats 

 

Italian Companion Animal Veterinary Association, Bologna, Italy, September 2012  

Arthrodesis, repair and prostheses for distal limb trauma 

New approaches to feline joint, bone and spinal problems 

 

NHS Educational Trust. Advancements in Medical Training Conference . Bristol, UK, Sept 2012 

Translation of Veterinary Surgery to Human Practice 

 

American College of Veterinary Surgeons Symposium, USA, November 2012 

Lower Extremity Trauma - Novel Solutions 

Limb Sparing – expert panel 

 

CPD Courses at Fitzpatrick Referrals  
Diseases of the canine stifle – Oct 2009 

Diseases of the canine and feline spine – Sept 2011 

Joint Replacement – June 2011 



Advanced veterinary imaging – how can ADI help your practice? – July 2011 

Medivet Regional Conference – Developmental Elbow Disease - Jan 2012 

Limb salvage – Mar 2012 

 

Instructional Courses 
American College of Veterinary Surgeons Symposium  

Sliding Humeral Osteotomy 2008, 2009, 2010, 2011 

 

Fitzpatrick Referrals, Surrey UK 

Sliding Humeral Osteotomy 2009, 2010, 2011 

 

British Veterinary Nursing Association, Edinburgh, Scotland, January 2010 

External skeletal fixation – from basic to advanced  

Stifle Surgery – from basic to advanced 

 

Animal Medical Centre, Barcelona, Spain, August 2011 

Sliding Humeral Osteotomy 

 

European College of Veterinary Surgeons symposium, Barcelona, Spain, July 2012 

Tibial Plateau Leveling Osteotomy – complications 

Tibial Plateau Leveling Osteotomy – meniscal injuries 

 

Book Chapters 
Complication in Small Animal Surgery  

(Editor: Dominique Griffon) 

Complications associated with autogenous osteochondral repair – Fitzpatrick N & Egan P 

Complications of sliding humeral osteotomy – Fitzpatrick N & Bertran J  

 

Advances in Intervertebral Disc Disease in Dogs and Cats 

(Editors: James Fingeroth and William Thomas) 

Is wobbler disease related to disc disease? – Fitzpatrick N, Farrell M, Fingeroth J & Fauber A 

Lumbosacral disease: Is vertebral stabilization indicated? - Farrell M & Fitzpatrick N 

Feline intervertebral disc disease - Farrell M & Fitzpatrick N 
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