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Elbow dysplasia is a common debilitating condition of large and giant breed dogs. Environmental factors
and a complex genetic heritability play a role in predisposing dogs to elbow dysplasia with two aetio-
pathogeneses suggested for the development of the disease. Osteochondrosis was initially thought to
cause elbow dysplasia, but more recent evidence has strongly supported various forms of joint incongru-
ity as the most likely cause in most cases. Radioulnar length discrepancies and humeroulnar curvature
mismatch have been implicated as the cause of medial coronoid disease and ununited anconeal process,
but radial incisure incongruity and biceps/brachialis muscle forces could possibly play a role in some
dogs.

Treatment of elbow dysplasia should address articular pathology, such as fragmented coronoid
process, osteochondrosis, cartilage damage and ununited anconeal process as well as any identified
underlying causes. Finally, several palliative procedures have been developed to address more
advanced elbow disease and might offer improved outcomes compared to conventional medical
management.

� 2012 Elsevier Ltd. All rights reserved.
Introduction

Heritable canine elbow dysplasia was defined by the Interna-
tional Elbow Working Group (IEWG)1 in 1993 to include frag-
mented medial coronoid process, osteochondrosis of the humerus,
ununited anconeal process, articular cartilage injury and incongruity
of the elbow joint. Elbow dysplasia is common and has a reported
prevalence of 17% in UK Labradors (Morgan et al., 1999, 2000) and
70% in Bernese mountain dogs in The Netherlands (Hazewinkel
et al., 1995). It is typically seen in young large and giant breed dogs,
but is reported in smaller chondrodystrophic breeds like the Dachs-
hund and French bulldog (Narojek et al., 2008; Sjostrom, 1998).
Males are affected at about twice the rate of females (Meyer-Lind-
berg et al., 2006).

Most cases first present at 6–12 months of age because of per-
sistent forelimb lameness, but some dogs present later in life
(>6 years old), with clinical manifestations of medial coronoid dis-
ease and little or no prior history of lameness. A further group pre-
sents with lameness due to continuing or progressing joint
pathology (Fitzpatrick et al., 2009a; Vermote et al., 2010).
ll rights reserved.
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Aetiopathogenesis

Genetics

Several large epidemiological studies have examined the genet-
ic basis of elbow dysplasia, which appears to be inherited differ-
ently in different breeds. To complicate matters further, there is
evidence that the different manifestations of elbow dysplasia could
be inherited independently (Clements, 2006; Grandalen and Ling-
aas, 1991; Hazewinkel, 2006; Lewis et al., 2011; Ma et al., 2004).
The differences in inheritance suggest that the syndrome that is
currently designated as elbow dysplasia is a common end point
for a variety of genetic disorders which disturb elbow development
through various mechanisms. Because of the complexity of inheri-
tance and the effects of environmental variables in disease expres-
sion, it is unlikely that genetic testing for elbow dysplasia will be
possible in the foreseeable future.

Three mechanisms have been suggested for the development of
elbow dysplasia including osteochondrosis (OC) (Nap, 1995;
Olsson, 1983), various joint incongruities (Gemmill et al., 2005;
Kramer et al., 2006), and a biomechanical force mismatch across
the elbow joint (Hulse, 2008). All are hypothesised to occur as a re-
sult of a genetic predisposition with secondary environmental
influencing factors, such as high energy diets, leading to rapid
growth rates or excessive exercise (Nap, 1995). Recent evidence
thogenesis and current treatment recommendations. The Veterinary Jour-
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has supported various forms of joint incongruity as the most likely
mechanism, but OC still appears to play a role in some dogs. The
biomechanical force mismatch hypothesis is under development
but the evidence to support it is currently weak.

Joint incongruity

There are three joints in the elbow, the humeroradial, humero-
ulnar and radioulnar (Fig. 1). Three types of joint incongruity have
been proposed or demonstrated, namely, (1) radioulnar length
mismatch; (2) humeroulnar incongruity, and (3) radioulnar inci-
sure incongruity (Burton et al., 2008). The diagnosis of elbow
incongruity by conventional radiology is relatively imprecise, with
one small prospective cadaveric study demonstrating that a step of
1.5–4 mm is required to achieve an 86% specificity and 90% sensi-
tivity for detection (Mason et al., 2002). The insensitivity of radio-
graphic diagnosis, coupled with differences between study
populations and the lack of standardised imaging protocols, has
led to reported incidences of joint incongruity from 14% to 100%
in dogs with fragmented coronoid process (Meyer-Lindberg et al.,
2006; House et al., 2009; Moores et al., 2008; Samoy et al.,
2006). The increasing use of arthroscopy and computerised tomog-
raphy (CT) imaging over the last decade has refined the under-
standing of joint incongruity.

Radioulnar length mismatch

Radioulnar length mismatch, with the radius terminating either
proximal to or distal to the level of the coronoid processes of the
ulna, has been reported in numerous studies (Böttcher, 2011b;
Gemmill et al., 2005; Morgan et al., 2000). It has been hypothesised
that a short radius transfers weight in excess of normal physiolog-
ical loads to the medial coronoid process of the ulna (Preston et al.,
2000). Excessive cyclic loading leads to fatigue microdamage of the
subchondral bone (Olsson, 1993; Wind, 1986a). A level 2 evidence
based medicine (EBM) study (Table 2) examined the excised med-
ial coronoid processes of 38 dogs with fragmented medial coronoid
process (FCP) and described histological findings of fatigue
microdamage and osteocyte loss consistent with this hypothesis
(Danielson et al., 2006).
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Fig. 1. Craniodistal view of the ulna and humeral head. A, radioulnar joint; B,
humeroulnar joint; C, radiohumeral joint.
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Numerous studies have also identified an association between
FCP and a short radius (Böttcher, 2011b; Kramer et al., 2006;
Meyer-Lindberg et al., 2006). The presence of FCP without signifi-
cant incongruity has been explained by the observation that incon-
gruity is not static, but will increase and decrease at different
stages of skeletal growth, often leading to a congruent joint at
maturity (Böttcher, 2011b; Trostel et al., 2003). However, the evi-
dence for this hypothesis is anecdotal and studies describing the
sequential development of the elbow joint in a number of dogs
are necessary for confirmation.

In contrast to a short radius, a short ulna displaces the humeral
head proximally relative to the ulna and places excessive loads on
the anconeal process. This interferes with bony union of the anco-
neal process by 20–22 weeks of age in large dogs where there is a
separate ossification centre, leading to ununited anconeal process
(UAP; Sjöström et al., 1995; Van Sickle, 1966). Once again, this
hypothesis is poorly supported by evidence and requires
confirmation.

Humeroulnar incongruity

Humeroulnar incongruity is proposed to occur either when the
radius of curvature of the ulna notch is less than the curvature of
the humeral trochlea, or when a relatively long radius displaces
the humeral head cranially from the ulna notch, causing subluxa-
tion of the joint (Morgan et al., 2000; Proks et al., 2011). The most
frequent cause of humeroulnar incongruity is radial displacement
of the humerus, as several studies have found a relationship be-
tween joint subluxation and clinical elbow dysplasia, but no rela-
tionship to the shape of the ulna notch has been reported,
despite breed differences (Collins et al., 2001; Kirberger and Fourie,
1998; Proks et al., 2011). Humeroulnar incongruity is most com-
monly defined as a form of radioulnar incongruity, where the ra-
dius displaces the humerus from the ulnar notch, but further
research is required to definitively describe the cause of humeroul-
nar incongruence, as the current evidence is primarily level 3b to 5.

Radioulnar incisure incongruity and biceps/brachialis mismatch

Radioulnar incisure incongruity and biceps/brachialis muscle
mismatch have been proposed to account for the presence of clin-
ical elbow disease limited to the incisure alone. Two potential
mechanisms are hypothesised, namely (1) a radioulnar conflict at
the incisure leading to crushing of the coronoid process against
the radius, and/or (2) compression of the medial coronoid process
against the radius by the eccentric pull of the biceps/brachialis
muscle group, particularly in flexion (Fitzpatrick, 2006, 2009;
Fitzpatrick and Yeadon, 2009; Hulse, 2008; Palmer, 2011; Fig. 2).

Incisure incongruity was suggested to occur through one of
several ill-defined mechanisms, such as ligament laxity, a poor fit
between the radius and ulna leading to localised force concentra-
tion, or compression of the lateral aspect of the medial coronoid
process during weight bearing (Fitzpatrick and Yeadon, 2009;
Fig. 3). The evidence for these incongruities is limited to three re-
ports, describing clinical disease consistent with the theory and
to a biomechanical analysis of the muscle forces of the racing
Greyhound (Fitzpatrick et al., 2009a; Samoy et al., 2012; Van
Ryssen and Van Bree, 1998). The proposed mechanisms are
speculative, which from an EBM perspective is considered level
5. Significant biomechanical testing will be required before the
theory can be confirmed or clinically applied.

Osteochondrosis

Osteochondrosis results from a failure of endochondral ossifica-
tion (Bennett et al., 1981) and as it is a developmental pathology
thogenesis and current treatment recommendations. The Veterinary Jour-
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Fig. 2. Cranial view of the extended elbow. Lateral shear force created by
longitudinal force acting through the sloped humeral/ulnar interface.
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Fig. 3. Cranial view of the flexed elbow. Torsional force created by the abaxial
insertion of the biceps/brachialis muscle group compressing the medial coronoid
against the radius. I, insertion point of the biceps on the ulna.
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which can be present without inflammation, osteochondrosis
would seem to be the most appropriate name for the condition un-
til a cartilage flap forms. It was proposed to cause elbow dysplasia
through the formation of lesions on the medial humeral condyle,
the medial coronoid process or the growth plate of the anconeal
process (Bennett et al., 1981; Olsson, 1983; Wolschrijn et al.,
2005). The aetiopathogenesis of osteochondrosis is poorly under-
stood, but the failure of chondral and subchondral blood supply
is now widely accepted as a crucial factor (Ytrehus et al., 2007).

Osteochondrosis of the medial humeral condyle plays a role in
the development of cartilage injury in elbow dysplasia in some
dogs (Eckman and Carlson, 1998; Kirberger and Fourie, 1998;
Padgett et al., 2005), but the reported prevalence is relatively low
(3/100 dogs with elbow dysplasia; Van Ryssen and Van Bree,
Please cite this article in press as: Michelsen, J. Canine elbow dysplasia: Aetiopa
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1998). Cartilage loss within the joint is more often due to conflict
between the contacting joint surfaces, leading to local damage,
resulting in a ‘kissing lesion’ (Kirberger and Fourie, 1998; Trostel
et al., 2003).

Pathology resulting from OC or joint incongruity

There are four well-described clinical presentations of elbow
dysplasia which cause lameness: (1) medial coronoid disease; (2)
OC lesions; (3) UAP, and (4) chronic osteoarthritis (Fitzpatrick
and Yeadon, 2009; Hazewinkel, 2006; Samoy et al., 2012; Trostel
et al., 2003).

Medial compartment disease is a more recent designation, cov-
ering a group of related problems afflicting the medial elbow com-
partment, including medial coronoid sclerosis, coronoid
microfracture, coronoid fragmentation or fissuring, and cartilage
damage to the trochlea or coronoid process, with or without joint
incongruity (Fitzpatrick and Yeadon, 2009). The term fragmented
medial coronoid process has fallen from favour as CT and arthros-
copy have revealed that coronoid fragmentation is only part of the
pathology present.

The term ‘medial compartment disease’ is a descriptive term,
and can result from several underlying processes. It is by far the
most common manifestation of elbow dysplasia, accounting for
85% of the cases of elbow arthroses in one report (Grondalen and
Grondalen, 1981). Cartilage injury varies from mild chondromala-
cia to complete loss, with eburnation of subchondral bone, with
or without FCP (Burton et al., 2010; Samoy et al., 2012). Correla-
tions have been found between the degree of incongruity and pres-
ence of a medial coronoid fragment, and the degree of cartilage
injury present in the joint (Samoy et al., 2012).

It is hypothesised that the articular cartilage injury is secondary
to abnormal forces applied by the presence of a step within the
joint, or secondary to chronic inflammation created by an avascular
fragment of bone (Danielson et al., 2006; Samoy et al., 2012). How-
ever, cartilage lesions are sometimes found in the absence of a step,
or a FCP, in which case it has been hypothesised to be caused by a
resolved joint incongruity present during development, or abnor-
mal loading, perhaps due to radioulnar incisure or bicepital/
brachial muscle incongruence (Böttcher, 2011b; Hulse et al.,
2010). Evidence for these hypotheses is lacking, being limited to
theoretical explanations for observed pathology. As such, it is level
5 evidence and should be evaluated with care.

Ultimately chronic osteoarthritis could result from long stand-
ing joint inflammation secondary to cartilage loss, incongruity or
subchondral bone injury.
Treatment

The treatment of elbow dysplasia should ideally correct under-
lying causes before significant joint damage has occurred. Unfortu-
nately, the complex aetiopathogenesis makes the identification of
the early stages of disease difficult. Late diagnosis has led to incon-
sistent clinical outcomes as joint pathology progresses. As a result,
numerous procedures to manage end-stage disease have been
developed. These include the sliding humeral osteotomy, proximal
abducting ulna osteotomy, joint resurfacing, joint replacement,
joint denervation and arthrodesis. A decision-making algorithm is
shown in Fig. 4.

Radioulnar joint incongruity

The diagnosis of joint incongruity by CT has a reported specific-
ity and sensitivity of about 90% in detecting incongruities of 1 mm
or more (Bottcher et al., 2009), which is similar to arthroscopy and
thogenesis and current treatment recommendations. The Veterinary Jour-
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Fig. 4. Algorithm for the treatment of elbow dysplasia. MCP, medial coronoid process; OATS, osteoarticular transfer system; PAUL, proximal abducting ulnar osteotomy; SCO,
subtotal coronoidectomy; SHO, sliding humeral osteotomy; UAP, ununited anconeal process.
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substantially better than plain radiology, where a step of 2 mm is
required to reach 90% specificity and 100% sensitivity (Blond
et al., 2005; Tromblee et al., 2007).

Proximal ulna osteotomy (PUO) above the level of the interosse-
ous ligament has been used to correct joint incongruity in the pres-
ence of both a short ulna and a short radius, allowing joint
congruity to be re-established by permitting movement of the
proximal ulnar segment distally or proximally (Preston et al.,
2001; Sjostrom, 1998). The osteotomy should be performed from
proximolateral to distomedial and caudoproximal to craniodistal
to prevent excessive tipping and varus angulation of the proximal
ulna segment (Burton and Owen, 2008; Preston et al., 2001). Alter-
natively, a small intramedullary pin can be used to maintain align-
ment (Fox, 2012).

While there is evidence to support PUO being effective in
addressing radioulnar incongruence, a lack of published studies
has resulted in a dearth of information on its long-term benefits.
Additionally, PUO carries significant morbidity (Fitzpatrick and
Yeadon, 2009), so can only be recommended to treat ongoing
lameness. Some joint incongruity has been found to be normal,
or at least asymptomatic, in some dogs (Kramer et al., 2006; Wind,
1986b), leading to debate regarding the level of incongruity that
Please cite this article in press as: Michelsen, J. Canine elbow dysplasia: Aetiopa
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should be tolerated, but the correction of a 1 mm step can be jus-
tified based on a finding of incongruence of 1.4 ± 0.9 mm in dis-
eased elbow joints (Kramer et al., 2006).
Joint incongruity as a result of biceps/brachialis contraction

The biceps/brachial ulna releasing procedure (BURP) has been
performed to neutralise the compressive force created by the rota-
tional pull of these two muscles (Palmer, 2011). The theorised re-
sult is protection of the medial coronoid process from crushing
against the radial head (Fitzpatrick, 2009; Fitzpatrick and Yeadon,
2009; Palmer, 2011; Williams et al., 2008). The procedure has been
recommended when cartilage injury is minimal and there is fissure
formation and/or subchondral sclerosis limited to the area of the
radial incisure, identified using radiographs or CT. Additionally,
candidates should be young dogs with minimal radioulnar incon-
gruity and mild to marked clinical signs without fragmentation
of the medial coronoid (Fitzpatrick and Yeadon, 2009; Palmer,
2011). As there are no controlled studies evaluating the procedure
and weak (level 5) evidence for the proposed underlying pathol-
ogy, it cannot currently be recommended.
thogenesis and current treatment recommendations. The Veterinary Jour-
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Osteochondrosis

Osteochondrosis (OC) can be treated in two ways: (1) the re-
moval of the defective cartilage to the level of the subchondral
bone, or (2) the replacement with a core of subchondral bone
covered by articular cartilage (Fitzpatrick and Yeadon, 2009;
Fitzpatrick et al., 2009c). Traditionally, debridement of the defec-
tive cartilage was performed with a curette, ensuring square edges
were created with the surrounding healthy cartilage, after which
the subchondral bone was drilled or micropicked to encourage
fibrocartilage ingrowth (Breur and Lambrechts, 2012). The proce-
dure can be performed via arthrotomy or arthroscopy and gener-
ally results in short-term improvement, but also long-term
progressive osteoarthritis (Bouck et al., 1995). Evidence for this
traditional treatment is based on a number of EBM level 2 and 3
studies in the veterinary and human literature and surgical treat-
ment can be confidently recommended.

In the last few years, OC lesions and articular cartilage injuries
have been repaired using the osteochondral autograft transfer sys-
tem (Cook et al., 2008; Arthrex, Inc.), in which a circular plug of
healthy articular cartilage attached to subchondral bone is har-
vested from a non-articular site, such as the lateral trochlear ridge
of the femur, and placed into a matching defect created at the site
of the cartilage lesion (Cook et al., 2008; Fitzpatrick et al., 2009c).
To date there is only one case series describing the use of the sys-
tem in 33 elbows, 30 of which also had FCP (90.9%). The authors
reported good short-term clinical results, but less encouraging re-
sults on arthroscopic follow up after 12–18 weeks (Fitzpatrick
et al., 2009c). The study was complicated by the high prevalence
of concurrent elbow pathology and frequent bilateral elbow
disease.

There is no published confirmation that osteochondral autograft
transfer is beneficial for dogs with articular cartilage lesions in the
elbow, although there is some low level evidence for applications
in the stifle. Treatment of human articular cartilage defects with
OATS is well established, but the procedure cannot be recom-
mended in canine elbows until randomised clinical trials are
undertaken, particularly in light of the potential morbidity associ-
ated with harvest from the donor joint.
Table 1
Modified Outerbridge scoring system.

Score Description of cartilage appearance

0 Normal
1 Softening of the cartilage assed with a probe (Outerbridge)
2 Partial thickness fibrillation
3 Deep fibrillation
4 Full thickness cartilage loss
5 Eburnated subchondral bone

Scoring system used for arthroscopic evaluation of cartilage injury (Fitzpatrick
et al., 2009c).
Medial coronoid disease

Diagnosis of medial coronoid disease by radiography is difficult,
as the coronoid process cannot be imaged without overlying bony
structures (Cook and Cook, 2009). CT has a published sensitivity of
71–88% and an approximate specificity of 85% for fragment detec-
tion when compared to arthroscopy or arthrotomy, respectively.
However, a recent report found that CT and arthroscopy identified
different types of lesions, suggesting that the modalities are com-
plementary and ideally should be combined (Carpenter et al.,
1993; Moores et al., 2008).

A number of studies have attempted to define the optimum
treatment for various manifestations of medial coronoid disease,
including fragment removal via arthrotomy or arthroscopy (Burton
et al., 2010; Evans et al., 2008; Palmer, 2010), subtotal coronoidec-
tomy (Fitzpatrick, 2006), cartilage debridement (Palmer, 2010),
proximal ulna osteotomy (Preston et al., 2001; Turner et al.,
1998), biceps/brachialis muscle release (Fitzpatrick and Yeadon,
2009) and medical management (Burton et al., 2010; Evans et al.,
2008). From an EBM perspective, the literature is weak, consisting
primarily of expert opinion, case series with low case numbers,
variable outcome parameters, inconsistent diagnostic criteria and
short follow-up times. To the authors’ knowledge, there are only
two prospective trials with low case numbers (Burton et al.,
2010), which limits effective discrimination between treatment
Please cite this article in press as: Michelsen, J. Canine elbow dysplasia: Aetiopa
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alternatives. Therefore, treatment recommendations should be
interpreted in light of these limitations.

There have been several studies comparing the outcomes of the
arthrotomy, arthroscopy and medical management. Arthroscopic
fragment removal resulted in reduced morbidity and better out-
comes than arthrotomy or conservative management when disease
was not advanced (Bouck et al., 1995; Evans et al., 2008;
Meyer-Lindenberg et al., 2003; Palmer, 2010). However, no differ-
ence between treatment groups could be identified in a prospective
treatment trial with low case numbers which compared arthro-
scopic treatment with conservative treatment (Burton et al., 2010).

Subtotal coronoidectomy (SCO) has been advocated because of
the inconsistent results seen with fragment removal alone, and be-
cause of evidence of wide spread medial coronoid pathology
(Danielson et al., 2006; Fitzpatrick et al., 2009a). It was hypothe-
sised that subchondral bone sclerosis and the presence of
micro-fissures would be associated with continuing joint pain
and inflammation (Palmer, 2010). Subtotal coronoidectomy has
been suggested to treat moderate to severe cartilage lesions on
either the medial coronoid or humerus and fragmentation at the
radial incisure (Fitzpatrick, 2011). No studies have been performed
comparing SCO to fragment retrieval alone and one small study re-
ported accelerated cartilage loss following SCO (Böttcher, 2011a).
Currently the use of SCO can be cautiously justified in the presence
of widespread medial coronoid pathology, but further research is
required to define indications and outcomes of SCO and to validate
the usefulness of the procedure in a clinical setting.

Cartilage injury of varying severity is commonly identified in
medial coronoid disease (Punke et al., 2009; Samoy et al., 2012).
Typically, cartilage damage is seen on the medial coronoid process
or the contact area opposite, on the humerus (Punke et al., 2009;
Samoy et al., 2012). When cartilage disease is mild (Outerbridge
score I to III), conservative treatment is justified and other joint
pathology should be treated as required. If the cartilage injury is
severe (Outerbridge IV to V), a more aggressive approach might
be indicated, such as SCO, PUO, or a palliative procedure (Table 1)
(Fitzpatrick and Yeadon, 2009). Lesions in the humeral condyle are
best treated by curettage of the damaged cartilage followed by
burring to the level of bleeding subchondral bone, or drilling/
micropicking to encourage infill of the lesion with new fibrocarti-
lage (Breur and Lambrechts, 2012; Sams, 2000). The use of osteo-
chondral autograft transfer, also called OATS, could also be a
potential treatment option, but further work is required to estab-
lish indications and potential benefits.
United anconeal process

Ununited anconeal process has been treated with three differ-
ent procedures, namely (1) proximal ulnar osteotomy; (2) anconeal
process removal, and (3) anconeal process reattachment (Fox et al.,
1996; Meyer-Lindenberg et al., 2001; Roy et al., 1994; Sjöström
et al., 1995; Turner et al., 1998). Medical management has been
shown to be inferior to surgical intervention and is associated with
thogenesis and current treatment recommendations. The Veterinary Jour-
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Table 2
Evidence based medicine levels of evidence.a

Level Evidence quality

1a Systematic review of randomized controlled trials
1b Individual randomized control trial
2a Systematic review of cohort studies
2b Individual cohort study or low quality randomized controlled trial
2c Outcomes research
3a Systematic review of case-control studies
3b Individual case-control study
4 Case-series and lower quality cohort and case-control studies
5 Expert opinion without explicit critical appraisal, or based on

physiology, bench research or first principles

Grades of recommendation
A Consistent level 1 studies
B Consistent level 2 or 3 studies or extrapolations from level 1 studies
C Level 4 studies or extrapolations from level 2 or 3 studies
D Level 5 evidence or troublingly inconsistent or inconclusive studies of

any level

a The Oxford Centre of Evidence Based Medicine. http://www.cebm.net/?o=1025
(Accessed 1 September 2012).
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more rapid progression of osteoarthritis (Cross and Chambers,
1997). Unfortunately, the level of evidence on which to base clini-
cal decision making for all of these procedures is low, consisting
entirely of case series with low numbers and relatively short follow
up.

Union of the anconeal process was not consistently achieved in
any of the reports and superior clinical outcome was not demon-
strated with any single procedure. However, based on the data
available from two studies of UAP fixation and concurrent ulna
osteotomy, this procedure can be tentatively recommended, based
on documented excellent clinical results and minimal progression
of osteoarthritis (Krotscheck et al., 2000; Meyer-Lindenberg et al.,
2001). In order to definitively recommend one treatment over an-
other, a larger randomised prospective trial is required.

Palliative procedures

Palliative procedures are undertaken when the joint disease is
sufficiently severe that addressing the suspected underlying
pathology and secondary sequelae is likely to be insufficient, or
when more conservative treatment has failed. Procedures cur-
rently in this category are those that unload the medial joint com-
partment, replace joint surfaces, manage pain or remove the source
of pain (Baeumlin et al., 2010).

Unloading the medial joint compartment has been performed
over the last few years by two methods: (1) the sliding humeral
osteotomy (SHO; Hazewinkel et al., 1995) and (2) the proximal
abducting ulnar osteotomy (PAUL). The SHO transfers weight from
the medial joint compartment laterally in the joint and is per-
formed by osteotomy of the mid humerus, with application of a
stepped locking plate that translates the distal humerus medially
(Fujita et al., 2003; Schulz et al., 2011). One case series of 59 elbows
treated with SHO examined medium term outcomes (Fitzpatrick
et al., 2009b) and reported generally good to excellent outcomes,
with 21/32 elbows (65.6%) becoming sound and 10/32 elbows
(31.3%) being grade 1/5 lame by 26 weeks post-operatively. High
complication rates were also reported and further studies with lar-
ger case numbers, longer follow up times and data from other clin-
ical groups are required before this procedure can be
recommended, particularly as the long-term fate of replacement
fibrocartilage is unknown in the dog.

Other procedures under development include PAUL, designed to
unload the medial joint compartment and the canine unicompart-
mental elbow procedure, which implants artificial load-bearing
surfaces into the humerus and ulna. There is little or no clinical
Please cite this article in press as: Michelsen, J. Canine elbow dysplasia: Aetiopa
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published data available regarding the effectiveness of these
procedures.

Total elbow arthroplasty has been in use for over 10 years, but
is not commonly used in the management of end-stage elbow dys-
plasia because of perceived surgical complexity, high complication
rates and variable post-operative outcomes (Acker and Van Der
Meulen, 2008; Conzemius et al., 2001; Conzenius, 2009). It can
be recommended only in end stage disease and dog owners should
be warned about the high rate of complications and variable out-
comes potentially associated with the procedure.

Arthrodesis of the elbow has been performed to relieve the pain
associated with chronic elbow osteoarthritis but the procedure re-
sults in substantial functional lameness. Arthrodesis is associated
with significant residual disability and can only be recommended
as a treatment of last resort (Fitzpatrick and Yeadon, 2009).

Elbow denervation has recently been described in a cadaveric
study followed by testing in four healthy dogs to assess the effect
of the procedure on limb function and to ascertain whether it was
repeatable (Zamprogno et al., 2011). The study found that the sen-
sory nerves to the elbow could be reliably identified and transected
without compromise to cutaneous sensation or limb function. The
study did not ascertain the effect of denervation on dogs with
osteoarthritis. Until clinically research is completed, the procedure
cannot be recommended.

Conclusions

Joint incongruity is now recognised as the major cause for the
various manifestations of elbow dysplasia, although OC also seems
to play a role in some canine patients. Joint incongruity is likely to
occur because of radioulnar length mismatch, in which the radial
head articulates above or below the medial coronoid process and
so transmits excessive force to either the medial coronoid process
or the anconeal process, but the exact mechanism is likely to be
more complex and is still not understood. Other forms of incongru-
ity have been suggested, but are currently not well supported in
the literature.

Treatment should be aimed at correcting any pathology within
the joint (when possible) and could include the retrieval of loose
fragments, the resection of damaged subchondral bone and
debridement or replacement of damaged cartilage. Ideally,
procedures should be performed arthroscopically. If the elbow is
seriously compromised, palliative procedures are available, but
most need further study to determine their efficacy and appropri-
ate indications. It is important to note that the lack of objective
measures such as gait analysis and the potential confounding
effects of other supportive therapies reduce the value of what is
published regarding the treatment of elbow dysplasia in dogs. In
particular, biomechanical testing of the elbow joint to improve
our understanding of canine gait is important research which could
establish appropriate treatment alternatives for this common and
debilitating disease.
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