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Introduction

Olecranon osteotomy is often performed in dogs to
improve surgical exposure during the repair of

distal (supracondylar or condylar) humeral fractures, to
facilitate open reduction of elbow luxation, and to sim-

plify exposure and implant application during elbow
arthrodesis (1–8). In humans, olecranon fracture or
osteotomy repair is frequently associated with compli-
cations, including pin migration, osteomyelitis, and
failure of the tension-band mechanism (9–18). Olecranon
osteotomy in dogs is purportedly associated with simi-
lar complications (1–5,19). Palmer, Aron and Chambers
(2) reported that 9 of 16 dogs with olecranon osteotomies
that were repaired with pin and tension-band wire fixation
had complications, 6 of the dogs requiring a 2nd oper-
ation to replace or remove the implants (2). There have
not been any published reports assessing outcome of and
risk factors for olecranon osteotomy repairs in dogs. The
objectives of this study were to determine the inci-
dence of, and evaluate risk factors for, complications of
olecranon osteotomy repair during internal fixation of dis-
tal humeral fractures in dogs.

Materials and methods
Medical records of all dogs with humeral fractures pre-
sented to the University of Florida, the Louisiana State
University Veterinary Medical Teaching Hospitals, and
the Northern Sydney Veterinary Specialist Center, New
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Abstract — The objective of this study was to determine the complication rate and evaluate factors
affecting the outcome of olecranon osteotomy in dogs. Medical records were searched to identify
dogs that had undergone olecranon osteotomy (stabilized with 2 Kirschner wires and a figure-of-8
wire) during internal fixation of a supracondylar or condylar humeral fracture. Signalment, descrip-
tion of the fracture, parameters regarding the osteotomy and its repair, and radiographic outcome were
recorded. A logistic regression model compared patient and technical parameters with the osteotomy
outcome. Of the 19 dogs, 7 (37%) had complications of the osteotomy, including osteomyelitis, loss
of reduction, and improper placement and migration of the Kirschner wires. Olecranon osteotomy
is associated with a high complication rate in dogs; however, there was no correlation between patient-
related or technical parameters and the development of complications. Further clinical and bio-
mechanical investigations are warranted to improve the results of olecranon osteotomy and its repair.

Résumé — Taux de complications et circonstances influençant l’évolution de l’ostéotomie de
l’olécrâne réparé par fixation avec broche et hauban chez le chien. L’objectif de cette étude était
de déterminer le taux de complications et d’évaluer les facteurs affectant l’évolution de l’ostéotomie
de l’olécrâne chez le chien. Des dossiers médicaux ont été recherchés afin d’identifier les chiens ayant
subi une ostéotomie de l’olécrâne (stabilisée par 2 broches de Kirschner et complétée d’un cerclage
en 8) au cours d’une fixation interne d’une fracture supracondylaire ou condylaire de l’humérus. Une
description signalétique de la fracture, les paramètres concernant l’ostéotomie et sa réparation ainsi
que l’évolution radiologique ont été notés. Une régression logistique a été utilisée pour comparer les
patients et les paramètres techniques avec l’évolution de l’ostéotomie. Des 19 chiens, 7 (37 %) ont
eu des complications suite à l’ostéotomie comprenant ostéomyélite, perte de réduction, mise en place
incorrecte et migration des broches de Kirschner. L’ostéotomie de l’olécrâne est associée à un haut
taux de complications chez le chien; cependant, il n’y avait pas de corrélation entre les paramètres
reliés aux patients, les paramètres techniques et le développement des complications. De plus
amples études cliniques et biomécaniques sont justifiées pour améliorer les résultats de l’ostéotomie
de l’olécrâne et sa réparation.

(Traduit par Docteur André Blouin)
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South Wales, Australia, between 1994 and 2000, were
reviewed to identify dogs that had undergone open sur-
gical reduction and stabilization of a supracondylar or
condylar humeral fracture. Dogs were included in the
study if an olecranon osteotomy had been performed and
repaired by pin and tension-band fixation during repair
of the humeral fracture and if there had been radi-
ographic follow-up for at least 12 wk or until there
was radiographic evidence of union of the osteotomy.

The following information was obtained from medical
records: signalment, including body weight; classification
of the fracture as supracondylar, intercondylar, or uni-
condylar; whether the fracture was open or closed;
the duration of surgery; and whether antibiotics had
been administered perioperatively or postoperatively.
Objective parameters pertaining to the olecranon
osteotomy and its repair were obtained from the medi-
olateral radiograph obtained immediately after the

Figure 1. Postoperative mediolateral radio-
graph of an olecranon osteotomy repaired
with pin and tension-band wire fixation,
demonstrating the olecranon segment
length (a) and width (b), the ulnar width (c),
and the corrected olecranon length (a/c).

Figure 4. Postoperative mediolateral radiograph of an olecranon
osteotomy repaired with pin and tension-band wire fixation,
demonstrating the Kirschner wire position (a/b � 100).

Figure 3. Postoperative mediolateral radio-
graph of an olecranon osteotomy repaired
with pin and tension-band wire fixation,
demonstrating the implanted (a) and total
(b) Kirschner wire length.

Figure 2. Postoperative mediolateral radio-
graph of an olecranon osteotomy repaired
with pin and tension-band wire fixation,
demonstrating the wire length (a) and the
olecranon-to-drill-hole distance (b).

Figure 5. Postoperative mediolateral radiograph of an olecranon
osteotomy repaired with pin and tension-band wire fixation,
demonstrating the osteotomy reduction (a) and osteotomy gap (b).
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operation. The length of the olecranon segment was
calculated by measuring the distance from the most
proximal aspect of the olecranon to the midpoint of
the osteotomy site (Figure 1a). The width of the olec-
ranon segment was measured at the osteotomy site
(Figure 1b). The width of the ulnar diaphysis was mea-
sured at a point equivalent to twice the distance from the
proximal aspect of the olecranon to the lateral coronoid
process of the ulna (Figure 1c). The olecranon seg-
ment length was then normalized for variations in
patient size by dividing the length of the olecranon
segment by the width of the ulnar diaphysis (a/c).
Tension-band wire length (Figure 2a) was obtained by
measuring the distance between the most proximal
extent of the wire and the drill hole that accommo-
dated the wire. The olecranon-to-drill-hole distance
(Figure 2b) was ascertained by measuring the distance
from the most proximal aspect of the olecranon to the
center of the drill hole. An osteotomy ratio was then cal-
culated by dividing the olecranon segment length by the
olecranon-to-drill-hole distance. The implanted and
total Kirschner wire lengths (Figure 3a and Figure 3b)
were determined by measuring the mean length of
Kirschner wire that was implanted in bone and the
mean total length of the 2 implants, respectively. The
position of the Kirschner wires from the cranial margin
of the olecranon (Figure 4) was expressed as a per-
centage of the total width of the olecranon segment, such
that the lower the percentage, the more cranially the

Kirschner wires were positioned. The osteotomy reduc-
tion (Figure 5a) was defined as the cranial or caudal dis-
placement (step) of the olecranon segment along the
cranial surface of the olecranon. The osteotomy gap
(Figure 5b) was measured at its greatest width. The
superimposition of the osteotomy and the implants used
to stabilize the humeral fracture limited the subjective
assessment of the position of the Kirschner wires from
the craniocaudal radiographic projections.

Follow-up radiographs were used to assess outcome,
on the basis of the width and definition of the osteotomy
gap, the extent and character of callus formation and bone
remodeling, and any change in the position of or lucency
surrounding the implants. The outcome was defined
according to whether the olecranon osteotomy healed
uneventfully or with complications. A healed outcome
was defined as having radiographic union of the
osteotomy within 12 wk of surgery without developing
complications. A complication with the olecranon
osteotomy was defined as a failure to achieve radiographic
union within 12 wk of surgical repair, loss of reduction
of the olecranon segment, migration or failure of the
Kirschner or tension band wires, irregular prolifera-
tive new bone formation or osseous radiolucencies sug-
gestive of osteomyelitis, or the need for a second surgery
to reposition or remove one or more of the tension
band implants. Follow-up radiographs were similarly
evaluated to determine whether the humeral fracture
had healed uneventfully or there had been complications.

Figure 6. Immediate postoperative (a) and 5-wk follow-up (b) radiographs of dog no. 3, in which osteomyelitis developed at both
the osteotomy and the humeral fracture sites.

a b
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For the clinical and radiographic parameters, statistical
differences between the dogs in which the osteotomy had
healed with or without complications were evaluated by
using a logistical regression model. Statistical analyses
were performed with a standard software package (SAS
Statistical Software, SAS Institute, Cary, North Carolina,
USA). For all analyses, significance was defined as
P � 0.05.

Results 
Twenty-six dogs, in which supracondylar or condylar
humeral fractures were surgically approached by using
an olecranon osteotomy, were identified; for 19, there
was adequate follow-up information for inclusion in
the study. A summary of signalment and outcome for
the 19 dogs is provided in Table 1. Both purebred
and mixed-breed dogs were represented; 5 (26%) were
cocker spaniels. Ages ranged from 4 mo to 10 y (mean:
3.9 y; median: 4.5 y). Body weights ranged from 4 kg to
36 kg (mean: 18 kg; median: 15 kg). Fifteen (79%) of the
dogs had had closed fractures and 4 (21%) open frac-
tures. The fixation method used to stabilize all of the
osteotomies had consisted of 2 Kirschner wires and a
figure-of-8 tension-band wire applied according to the
traditional technique (6–8). Perioperatively, cefazolin,
22 mg/kg body weight, IV, q90 min, had been admin-
istered routinely to all the dogs; antibiotic administration

was continued following surgery in the dogs with open
fractures.

Twelve (63%) of the dogs had uneventful healing
of the osteotomy. There were complications in the other
7 dogs (37%): osteomyelitis of the osteotomy site in 2
(11%), both dogs requiring a 2nd operation to remove the
implants (Figure 6); loss of reduction in 1 (5%);
osteomyelitis at the osteotomy site, with subsequent
implant loosening and loss of reduction, in 1 (5%);
loss of reduction, necessitating a 2nd operation to
replace the pin and tension-band wire in 1 (5%), in
which osteomyelitis subsequently developed (Figure 7);
malposition of the Kirschner wire, necessitating a 2nd
operation to reposition the implant, in 1 (5%); and
migration of the Kirschner wire during the early post-
operative period, necessitating surgical removal of the
implant, in 1 (5%).

Although 3 of the 4 dogs with open fractures had
complications with the olecranon osteotomy, only 4 of
the 15 dogs with closed fractures developed complica-
tions; the difference was not significant different [odds
ratio (OR) = 7.25; P = 0.24). Of the 5 dogs in which
osteomyelitis of the humeral fracture developed, 4 also
had osteomyelitis of the osteotomy (Figures 6 and 7);
however, this association was not significant (OR =
2.53; P = 0.59). Logistic regression analysis did not iden-
tify a significant association between outcome and any

Figure 7. Immediate postoperative (a) and 5-wk follow-up (b) mediolateral elbow radiographs of dog no. 4, in which
osteomyelitis developed at both the osteotomy and humeral fractures sites following a 2nd operation to restabilize the failed pin
and tension-band mechanism.

a b
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patient-related parameter, the duration of surgery, or tech-
nical aspects of the osteotomy repair (Table 2).

Discussion
Our results corroborate previous observations (1–5,19)
that dogs that have an olecranon osteotomy stabilized
with pin and tension-band fixation frequently have
complications. Our 37% complication rate may be
somewhat inflated, as adequate postoperative evaluations
were not available for 7 of the 26 dogs initially identi-
fied. We suspect that dogs with complications were
more likely to be returned for follow-up evaluation
than were dogs with uneventful healing. In addition, some
of the dogs that by our definition had a complication may
not have had any substantial morbidity. The outcome of
the osteotomy repair was based principally on radi-
ographic assessment and to a lesser extent on notes in the
medical record. Four of the 7 dogs with complications
ultimately had union of the osteotomy. The multi-
institutional and retrospective nature of this study made
it difficult to assess accurately to what extent, if any,
elbow joint or forelimb function was compromised and
to ascertain whether any compromise of function was due
to the humeral fracture or to the olecranon osteotomy.

Our 37% complication rate, however, is less than the 56%
rate reported by Palmer et al (2) in their retrospective
report on olecranon osteotomy repairs in dogs and com-
parable to that reported in association with olecranon
osteotomy and fracture repair in humans (9–18). Also,
in a retrospective study evaluating internal fixation of
proximal ulnar fractures in dogs, implant failure was
found to have occurred in 3 of 4 repairs in which a pin
and tension-band wire technique was used (20).

Palmer et al (2) ascribed 25% (4/16) of the compli-
cations in their study to poorly positioned implants.
Kirschner-wire migration or protrusion of implants into
the soft tissues, producing disability, has been observed
in up to 80% of humans with an olecranon fracture or
osteotomy repaired by means of pin and tension-band fix-
ation (9,12,17,18); however, these were infrequent
problems in our study.

Among the 7 dogs with complications, 4 had
osteomyelitis at the osteotomy site, which resulted in
delayed union of the osteotomy in 3 and subsequent
implant loosening and loss of reduction in 1. All 4 of
these dogs had concurrent osteomyelitis of the frac-
ture, which suggests that the osteotomy was secondar-
ily involved. Internal fixation of distal humeral fractures

Table 1. Signalment, fracture description, and outcome for 19 dogs that underwent olecranon osteotomy in
association with the repair of a supracondylar, intercondylar, or unicondylar humeral fracture

Dog Body Complications of Complications of
no. Signalment weight (kg) Description of fracture osteotomy and its repair fracture and its repair

1 10-year-old male 32 Open comminuted distal None None
bull terrier diaphyseal and metaphyseal

fracture
2 8-year-old castrated 14 Closed intercondylar fracture None Loss of reduction

male cocker spaniel and delayed union
3 9-year-old male 36 Open comminuted distal

golden retriever diaphyseal and metaphyseal Osteomyelitis Osteomyelitis
fracture

4 6-year-old male 13 Closed lateral condylar fracture Loss of reduction and Osteomyelitis
cocker spaniel subsequent osteomyelitis

5 10-month-old female 8 Closed distal Salter–Harris IV Migration of Kirschner None
mixed-breed dog fracture wire

6 5-year-old male pug 9 Closed intercondylar fracture None Osteomyelitis
7 5-year-old male 15 Closed lateral condylar fracture None Loss of reduction

cocker spaniel
8 6-year-old female 30 Open comminuted distal Osteomyelitis and Osteomyelitis

Labrador retriever diaphyseal and metaphyseal subsequent loss of reduction
fracture

9 5-year-old male 15 Closed intercondylar fracture None Loss of reduction
cocker spaniel

10 9-month-old male 30 Closed intercondylar fracture None None
German shepherd

11 6-month-old male 12 Closed transverse supracondylar None None
Labrador retriever fracture

12 7-month-old female 10 Open transverse supracondylar Loss of reduction None
mixed-breed dog fracture

13 5-month-old female 5 Closed intercondylar fracture None None
bull terrier

14 8-month-old female 4 Closed distal Salter–Harris IV Malpositioned Kirschner None
British griffon fracture wire

15 4-month-old female boxer 10 Closed lateral condylar fracture None None
16 4-year-old castrated 33 Closed comminuted Osteomyelitis Osteomyelitis

male golden retriever intercondylar fracture
17 5-year-old male 25 Closed comminuted None None

mixed-breed dog intercondylar fracture
18 7-year-old male 16 Closed intercondylar fracture None None

cocker spaniel
19 1-year-old male kelpie 20 Closed intercondylar fracture None None
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is often technically difficult and may be associated
with a prolonged operative time, so intraoperative con-
tamination may have contributed to the high incidence
of osteomyelitis. However, prophylactic antibiotic was
routinely administered perioperatively to all the dogs, and
the duration of surgery was not significantly associ-
ated with the osteotomy outcome. Further, 2 of the
4 cases of osteotomy osteomyelitis were in dogs with
open fractures, which were likely contaminated when the
fracture occurred.

We attempted to identify patient parameters that
might have contributed to the development of post-
operative complications. Patient-related factors, such as
age, breed, and body weight, did not significantly influ-
ence the outcome of the osteotomy repair. This suggests
that the complications are not simply a function of
longer healing times in older dogs or the increased bio-
mechanical demands of larger dogs. The dogs with
open fractures had a 75% incidence of osteotomy com-
plications, whereas the dogs with closed fractures had
only a 27% incidence. Although this difference was
not significant, the small number of dogs with open
fractures may have precluded identification of this
parameter as a significant risk factor.

We also attempted to identify technical parameters per-
taining to the osteotomy and its repair that might have
contributed to the development of complications. Owing
to the size variability of both the implants and the
patients, an effort was made to normalize the size of the
olecranon segment by using a ratio of the length of the
segment to the width of the ulnar diaphysis. Alternatively,
body weight could have been used for this purpose;

however, we felt that this would have been a less accu-
rate reflection of the relative size of the olecranon. In
humans, osteotomy configuration and reduction, as
well as implant positioning and application technique,
have been shown to be important in influencing the
biomechanics and clinical success of olecranon
osteotomy and fracture repair with pin and tension-
band fixation (21–24).

Unfortunately, we were unable to establish a signif-
icant correlation between outcome and any of the tech-
nical parameters evaluated. In fact, while not statistically
significant, the mean and median values for the
osteotomy reduction were actually better in dogs with
complications than in those with uneventful healing
(Table 2). Our inability to establish a significant cor-
relation between surgical technique and osteotomy out-
come suggests that osteotomies repaired with tension-
band fixation are predisposed to complications, despite
apparently appropriate surgical fixation, and it may be
that the curvature of the proximal region of the ulna
makes it difficult to consistently tighten the figure-of-8
wire effectively.

Our results corroborate that olecranon osteotomy
repaired by traditional pin and tension-band wire fixa-
tion has a high complication rate in dogs (2). The high
rate suggests that it may be prudent to avoid performing
an olecranon osteotomy unless it is absolutely necessary.
Although the complexity of the fracture was not asso-
ciated with the outcome of the osteotomy and its repair,
9 dogs, 5 with complications, had supracondylar or
unicondylar fractures, which probably could have been
exposed with other approaches that have a lower potential

Table 2. Summary statistics (number or median and mean ± standard deviation, odds ratios, and P-values)
for 19 dogs that underwent olecranon osteotomy during internal fixation of a distal humeral fracture

Mean ± standard deviation; median

Dogs with an osteotomy Dogs with osteotomy
Parameter that healed uneventfully complications Odds ratio P value

Age (y) 3.95 ± 3.32; 5.00 3.88 ± 3.30; 4.00 0.993 0.834
Body weight (kg) 16.89 ± 8.43; 15.20 19.10 ± 13.53; 13.00 1.022 1
Breed (no. of dogs)

Cocker spaniel 4 1 0.352 0.732
Other breed 8 6

Humeral fracture classification (no. of dogs)
Supracondylar 2 3 3.47 0.472
Intercondylar 8 3 0.396 0.593
Unicondylar 2 1 0.841 1

Humeral fracture status (no. of dogs)
Open 1 3 7.25 0.235
Closed 11 4

Olecranon segment length (mm) 11.78 ± 9.48; 10.97 8.13 ± 5.3; 8.43 0.268 0.307
Olecranon segment width (mm) 14.48 ± 7.33; 15.34 18.01 ± 8.84; 17.11 1.047 0.503
Reduction of olecranon osteotomy (mm) 0.99 ± 0.81; 0.89 0.49 ± 0.59; 0.48 0.358 0.205
Olecranon osteotomy gap (mm) 0.45 ± 0.38; 0.33 0.46 ± 0.27; 0.49 1.084 0.789
Tension-band wire length (mm) 32.64 ± 11.43; 27.92 36.17 ± 22.05; 28.19 1.016 0.903
No. of Kirschner wires 2 2 1.105 1
Kirschner wire length (mm) 53.55 ± 34.86; 42.62 56.20 ± 35.39; 38.72 1.008 0.789
Kirschner wire location (%) 32.70 ± 14.13; 29.00 35.43 ± 5.44; 36 1.023 0.419
Kirschner wire position (no. of dogs)

Caudal cortex of ulna 3 2 0.75 1
Cranial cortex of ulna 6 3
Intramedullary (no cortex engaged) 3 2

Duration of surgery (min) 193.75 ± 34.00; 187.50 211.40 ± 66.33; 225.00 1.002 0.301
Humeral fracture outcome (no. of dogs) 2.526 0.593

Healed uneventfully 11 3
Developed complications 1 4



534 Can Vet J Volume 43, July 2002

for morbidity (1,25–33). Our inability to identify patient-
related or technical parameters that affected outcome
demonstrates a need for further clinical and bio-
mechanical investigation of pin and tension-band fixa-
tion of olecranon osteotomy and suggests that alternative
methods of osteotomy stabilization (2,10,12,13,34,35)
deserve further investigation. CVJ
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