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Abstract

Objective: To determine the evidence for the most effective surgical treatment

for elbow osteoarthritis with the least harm in dogs.

Study design: Systematic review.

Sample population: Peer-reviewed, English-language articles describing sur-

gical treatments for elbow osteoarthritis in dogs.

Methods: A literature search was completed using CAB Abstracts, PubMed/

MEDLINE, Scopus, and Web of Science on August 19, 2024 for articles describ-

ing surgical treatments for elbow osteoarthritis and medial compartment dis-

ease in dogs. Inclusion criteria were applied, and the resulting articles were

evaluated for level of evidence (Wright scale) and combinability by success

rates, and major complications using the number needed to harm (NNH).

Results: Out of the 1231 unique articles, 15 were evaluated based on the inclu-

sion criteria with five prospective studies, eight retrospective studies, and two

case series studies. Success rates could not be combined because of variation in

outcome reported. Canine unicompartmental elbow had the highest level of

evidence for success (91%–98%) with the second best number needed to harm

(NNH, 7.6). Sliding humeral osteotomy had the next best evidence with

43%–82% success and 9.5 NNH.

Conclusion: There is low evidence for any of the procedures, and the risk of

harm is high.

Clinical significance: Although CUE had the highest level of evidence, there

is low evidence overall for efficacy of surgical procedures to treat OA in the

elbow. A validated outcome measure with consistent follow-up intervals to

standardized comparisons would allow for better comparison of the outcomes

of future studies.

This study was presented as a poster at the 51st Annual Conference of the Veterinary Orthopedic Society.
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1 | INTRODUCTION

Elbow osteoarthritis (OA) is common, accounting for the
third highest number of joints affected after hips and sti-
fles in a study evaluating 1156 elbows. Of these elbows,
57% had some amount of OA with 16.4% rated as severe.1

This can be due to trauma, osteochondritis dissecans
(OCD), fragmented coronoid disease (FCP), ununited
anconeal process or elbow incongruity. Although each of
these diseases have slight variations in initial therapeutic
options, the progression of OA continues. The medial
compartment tends to be more affected than the lateral
because FCP and OCD defects are located on the medial
side. This has led to differing types of options for treat-
ment of elbow OA.

Conservative and surgical treatment aims to ame-
liorate pain. Conservative treatments include weight
management, activity modification, use of nonsteroidal
anti-inflammatory drugs (NSAIDs), intra-articular
injections, joint supplements, nonopioid analgesics,
regenerative medicine, and laser therapy.2 When medi-
cal management provides inadequate palliative care,
surgical treatments can be performed. There are differ-
ing surgical strategies reported in the literature. Surgi-
cal strategies that offload weight from the medial
compartment by axis-shifting osteotomies include
proximal abducting ulnar osteotomy (PAUL) and slid-
ing humeral osteotomy (SHO).2 Another surgical
option, called canine unicompartmental elbow (CUE)
or partial joint resurfacing, involves the replacement of
the articular surface of the medial compartment.2 Sal-
vage procedures can be used in these cases or in those
where severe OA affects the lateral compartment as
well including total elbow arthroplasty (TEA) or
arthrodesis may be performed.2 This systematic review
discusses the different surgical treatments of severe
elbow OA to determine the best evidence of short term
and long term improvement in clinical signs in dogs
with severe OA, including level of improvement
and harm.

2 | MATERIALS AND METHODS

A literature search was conducted on four major science
databases, CAB Abstracts, PubMed/MEDLINE, Scopus,
and Web of Science using the search term “(dog OR dogs
OR canine) AND surg* AND elbow” on August 19, 2024.
Broad search terms were used to make sure that reported
surgeries were not missed. Article titles were imported
into a database and duplicate records were removed. The
remaining articles were reviewed and screened based on
the following inclusion/exclusion criteria. Records were

included when they described in vivo cases with naturally
occurring OA with at least 6 weeks of clinical follow up
after a surgical procedure. Only articles in English were
considered. Articles were excluded if they were evaluating
a primary surgical procedure like fracture repair, OCD
debridement, or arthroscopy for primary treatment of
elbow dysplasia unless a secondary procedure was per-
formed at the same time to directly treat the OA. Proceed-
ings, book chapters, and magazine articles were excluded
along with non-canine species, induced disease, and
cadaveric studies. Studies were also eliminated if no clini-
cally relevant functional outcomes were reported (i.e., bio-
mechanical studies or radiographic outcomes only).

Manuscripts that were ultimately included were
ranked based on their evidentiary value using the Wright
scale3 and organized into Table 1 based on surgical treat-
ment performed and measurement of success. The
Wright scale ranks the articles based on their study
design and places the clinical research study into context
for the reader.3 There is higher evidentiary value on arti-
cles with randomized control study designs and prospec-
tive study designs compared to retrospective studies and
case series.

Measurement of success was defined a priori as
improvement in peak vertical force, owner satisfaction,
or surgeon assessment of lameness or clinical improve-
ment. The definition of success was broad because a low
number of papers with varying outcome measures was
expected. Major complications were defined as adverse
events detrimental to long term quality of life, or requir-
ing revision surgery, amputation, arthrodesis, or euthana-
sia. The percent of success with confidence interval and
the number needed to harm (NNH) was calculated for
each paper when possible. To calculate NNH, benign
neglect was given a value of 0 harm. Data were combined
when possible across eligible manuscripts by combining
patients treated and calculating success and harm over
the entire population treated. Success and harm were
reported for short and long term time frames defined as
6 months or less and greater than 6 months, respectively.

3 | RESULTS

After the initial database search, a total of 2329 records
were identified. The search and application of inclusion/
exclusion criteria is given in Figure 1 based on PRISMA
guidelines.4 One article could not be retrieved despite
extensive searches and library requests. A secondary
screening was applied for eligibility and 36 reports were
further excluded after evaluation of the whole manu-
script based on the exclusion criteria. Specific reasons for
exclusions are listed in Figure 1.
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After the identification and screening of the papers,
15 articles were included in this systematic review and
ranked on their level of evidence based on the study
design (Table 1). None of the included studies provided
Level I evidence on the Wright scale. Five papers
were prospective studies that provided Level II evi-
dence. Eight articles were retrospective studies that
provided Level III evidence and two papers were case
series with Level IV evidence. The included papers
were organized and grouped according to the surgical
treatment performed. Two articles performed arthro-
plasty, two performed arthrodesis, three papers con-
ducted CUE, two papers performed PAUL, five articles
performed SHO, and one paper performed an ulnar
osteotomy.

Articles were not combined based on success rate
because the criteria was too broad and outcomes
disparate and potentially conflicting. However, the
percent success is given for each paper. Harm could be
quantified across some procedures as most papers
defined and reported major complications similarly
(Table 2).

4 | DISCUSSION

Overall, the evidence is weak for use of surgical treat-
ments for elbow OA. CUE had the highest level of evi-
dence for use in dogs with 91%–98% of dogs showing
subjective clinical improvement and the second best
NNH (7.6). CUE evidence included a prospective obser-
vational trial with 103 cases, a retrospective study with
48 cases, and a case report, all of which were assessed
subjectively.9–11 SHO had the next best evidence with
43%–82% success and 9.5 NNH with a small prospective
trial with seven long term cases evaluated by peak verti-
cal force and a larger retrospective trial with 60 cases
which used lameness as an outcome measure.

Most studies in this systematic review show high
levels of success (76%–98%), but also high levels of bias.
The authors used a very broad definition of success that
was selected to be inclusive of all successful outcomes,
but the overall success rate across studies was not calcu-
lated because outcome measures were not similar. All
studies except one could only be evaluated for success
using different methods of subjective assessment.

TABLE 1 Articles included with level of evidence and measurement of success used.

Article
Article
number

Surgical
treatment

Level of evidence
using Wright et al. Measurement of success used

DeSousa et al.5 1 Arthroplasty III Surgeon assessment

Conzemius et al.6 2 II Author derived multifactorial

Dinwiddie et al.7 3 Arthrodesis III Owner satisfaction

McCarthy et al.8 4 III Lameness improvement
(LOAD questionnaire, Cook definition9)

Silfverberg10 5 CUE IV DVM evaluation

Bayer et al.11 6 III Author derived multifactorial
(LOAD questionnaire, Cook definition,9

PE, palpation)

Cook et al.12 7 II Full/acceptable function after surgery

Ballester et al.13 8a PAUL II Owner would repeat surgery

Ballester et al.13 8b II Owner acceptable or better satisfaction

Coghill et al.14 9 III CBPI and NSAID use

Fitzpatrick et al.15 10 SHO III Lameness

Fitpatrick et al.16 11 III Lameness score <2

McCartney et al.17 12 IV Lameness score ≤3

Wendelburg and Beale18 13a II PVF-short term

Wendelburg and Beale18 13b II PVF-long term

Quinn and Preston19 14 III Radiographs, second look
arthroscopy, clinical findings

Serrani et al.20 15 Ulnar osteotomy II Lameness score

Abbreviations: CBPI, canine brief pain inventory; CUE, canine unicompartmental elbow; DVM, doctor of veterinary medicine; LOAD, Liverpool osteoarthritis
in dogs; NSAID, non-steroidal anti-inflammatory drug; PAUL, proximal abducting ulnar osteotomy; PE, physical examination; PVF, peak vertical force; SHO,

sliding humeral osteotomy.
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The one paper using objective outcome measures only
reported a 43% long term outcome. Thus, these studies
may be overstating the success of the procedure. Some-
times even the subjective outcomes were markedly differ-
ent. For example, Ballester et al. reported two different
owner driven outcome measures, the first with an accept-
able or better outcome 88.5% but when asked if they
would do the surgery again only 74.1% answered affirma-
tively. This is a large difference in “success” within the
same paper.

Furthermore, when using subjective outcomes, it is
important to acknowledge that expectations for some sur-
geries may be different. For example, the dogs that had
arthrodesis as a surgical option had previous failed sur-
geries, which may have made the procedure more diffi-
cult or lower in expectation for improvement than if it
were a first line surgical option. Lameness is likely also
an acceptable outcome because of the mechanical
changes to the limb whereas this is not acceptable for a
CUE patient. For these procedures, a standardized and
validated mobility or quality of life score may be a more

appropriate outcome measure for future studies compar-
ing procedures.

Objective outcome measures are ideal in theory as
less subjective, but gait analysis is difficult to interpret in
dogs with multiple limb abnormalities and adaptations as
is common in dogs with elbow OA. Given this constraint,
future studies should use a validated instrument to deter-
mine outcome with blinded evaluators to limit bias. Strict
a priori definitions of success should be defined as well as
adverse events to define harm.

The NNH was a much more robust method of com-
bining data for this systematic review. The NNH is inter-
preted as the number of surgeries performed to harm one
additional patient over no surgery. Thus a larger NNH is
better. The SHO had the best NNH at 9.5 with CUE at
7.6. However, this is far from ideal as these are major
complications. Minor complications were defined too
diversely to be used in combination, but would have
likely moved the NNH even lower. This means that for
every 10 SHO surgeries and every eight CUE surgeries, a
patient needed a second surgery or was euthanized.

FIGURE 1 PRISMA flow article

identification.4
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Adverse events are a risk in any surgery, but this high-
lights the high risk posed by all procedures for elbow OA
especially TEA and arthrodesis. The prospective studies
were performed early after release of the products in
many cases and it is possible that for some surgeons with
more experience, the risks are lower.

In this study, NNH was calculated assuming zero
harm in a nonsurgical dog. Although it is logical in this
particular calculation that dogs that did not receive sur-
gery would not have a major complication, there is likely
some harm in leaving dogs painful that have failed con-
servative management. Randomized, controlled, clinical
trials comparing a validated outcome measure for conser-
vative therapy and surgical therapy would be ideal.

This review had some limitations including an
English language bias. Papers written in foreign lan-
guages were excluded and multilingual searches may
have yielded different results. In addition, medical man-
agement was not addressed. Treatments for OA have
been reviewed by others, and because the surgeries com-
pared here are often considered after clinical signs are
refractory to medical treatment, conservative manage-
ment was not considered for this review.

Overall, this systematic review shows that there is a
low level of evidence for all surgical procedures addressing
elbow OA, but the best evidence for success while limiting
harm is the CUE. Ideally, future randomized, prospective
clinical studies that compare the efficacy of surgical treat-
ments to conservative management should be performed
with blinded observers if subjective methods are used.
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