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Introduction

Fractures of the humeral condyle represent 5% of bone frac-
tures in dogs and cats, and accounted for 41% of humeral
fractures in a survey of 107 fractures.1,2 The lateral side
(capitulum) is fracturedmore commonly because of anatomic
andbiomechanical differenceswith themedial side (trochlea),
accounting for 37% of all distal humeral fractures.2–5 The
capitulum, which articulates primarily with the radial head,
is located lateral to the longitudinal axis of the diaphysis and is
supported by the relatively small lateral epicondylar crest,6

leading to an increased incidence of lateral fractures. Fractures
of the trochlea occur in 6.9 to 11%, and dicondylar (also known
asT-Y) fractures represent25.9 to35%of fractures affecting the

humeral condyle.2–4 Most fractures occur in puppies during
their growth phase; since growth plates close between 5 and
8 months of age, even relatively minor trauma during this
phase may lead to fractures.7–9 In immature dogs, condylar
fractures are generally Salter-Harris type IV, although type III
fractures occasionallyoccur.10,11 Specific diseasesmay predis-
pose to condylar fracture, as is the case in humeral condylar
fissure (HCF) in spaniels.9 Treatment of humeral condyle
fractures involves anatomical reduction, positioningofa trans-
condylar lagor position screwand insertionof a supracondylar
antirotational Kirschner wire (K-wire), bone screw or a neu-
tralization plate.10,12,13 Alternative techniques of fracture
fixation in puppies by the insertion of multiple K-wires or
self-compressing pins have been reported.6,14,15
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Abstract Closed reduction or limited open reduction in conjunction with internal or external
fixation has been recommended as the preferred treatment formany types of fractures,
but this technique has rarely been recommended for articular fractures because of the
need for anatomic alignment of articular surfaces. However, the proposed benefits of
closed reduction should be applicable to articular fractures if appropriate reduction
and implant placement can be achieved. The aim of this study was to retrospectively
evaluate a surgical technique for minimally invasive reduction and stabilization of
fractures of the humeral condyle by means of intraoperative traction applied to the
ulna under fluoroscopic guidance. Nineteen fractures of the humeral condyle in
eighteen dogs were reduced by intraoperative osteotaxis applied by traction of the
ulna, minimally invasive approach to the epicondyle and fracture stabilization under
fluoroscopic guidance. Postoperative reduction was considered good or excellent in
most fractures. This technique can be considered as a potential option for the
treatment of condylar fractures, allowing for minimally invasive reduction and
stabilization, thus avoiding the need for surgical exposure of the elbow joint.
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Reduction techniques can be performed using either open
or closed approaches. The main difference lies in pursuing a
good reduction in the joint surface under visual guidance or
in a closed way by fluoroscopy-assisted guidance. The latter
is more likely to preserve the vascular supply to the bone and
soft tissues,16,17 thus potentially reducing the later develop-
ment of osteoarthritis.

One study reported that 43% of patients treated with open
surgery developed osteoarthritis and varying degrees of post-
operative (PO) lameness.18 Another study analysed 11 frac-
tures reduced by fluoroscopy-assisted closed procedure and
stabilization of the fracture with a compression screw and
antirotational K-wire emphasizing the advantages of closed
reduction; advantages included minimal disruption of soft
tissues and the blood supply, decreased risk of infection and
earlier return to function.17 The aim of this study was to
evaluate the feasibility and the short-time efficacy of a reduc-
tion technique for condylar fractures using skeletal traction
performed by a traction stirrup (Ad Maiora, Cavriago, Italy),19

with aminimally invasive approach and fracture stabilization.

Materials and Methods

Medical records of the patients operated at Clinica Veter-
inaria M. E. Miller for the treatment of humeral condylar

fractures were reviewed. The information obtained included
signalment, body weight, date of surgery and surgical report
(►Table 1). Being a retrospective study, dogs were consid-
ered candidates for inclusion if they were operated on by the
closed reduction technique heir in described.

Fracture reductionwas achieved through skeletal traction
using a traction stirrup (Ad Maiora, Cavriago, Italy) and
stabilized employingmultiple K-wires placed in the condylar
and epicondylar areas in puppies (►Fig. 1), or using a trans-
condylar lag screw in adult dogs (►Fig. 2). The PO radio-
graphs were evaluated for assessing the reduction, and the
percentage of reduction was normalized against the size of
the condyle.

Preoperative Evaluation
Medio-lateral (ML) and cranio-caudal (CC) radiographic
views were obtained for both elbows. Radiographic images
of the non-affected contralateral elbow were examined for
HCF in the dogs older than 4 months. A 15 degrees cranio-
medial-caudolateral view was taken to identify the HCF
radiolucent line.9

Surgical Procedure
Dogs were positioned in lateral recumbency with the limb to
be operated on in the uppermost position for fractures of the

Table 1 Case details

Dog Breed Weight
(kg)

Age Location
and side

Type Surgery
duration

Stabilization technique Gender

1 English Setter 10 116 d L Lþ
medial
fragment

SH IV 4h, 15m K-wire // M

2 French Bulldog 7 176 d L R SH IV 2h, 20m K-wire // M

3 Italian Mastiff 15 167 d M R SH IV 2h, 40m K-wire // M

4 French Bulldog 5 158 d Y R SH IV 4h K-wire spring effect F

5 Drahthaar 11 104 d L L SH IV 1h, 50m K-wire // F

6 Boxer 11 107 d L L SH IV 1h, 25m K-wire // M

7 French Bulldog 6 129 d L L SH IV 2h K-wire // M

8 Pinscher 0.8 101 d Y R SH IV 3h, 10m K-wire // F

9 German Shepherd 10 90 d M L SH IV 2h, 45m Divergent K-wire F

10 Pinscher 1.7 147 d L R SH IV 2h, 20m K-wire // M

11 French Bulldog 8 215 d L L SH IV 2h, 20m K-wire // F

12 Labrador Retriever 15 97 d L R SH IV 2h K-wire // M

13 Newfoundland 20 124 d L R SH IV 3h, 15m Divergent K-wireþ ESF M

13 Newfoundland 20 124 d L L SH IV 2h K-wire //þ ESF M

14 Boxer 10 98 d L L SH IV 1h, 50m Divergent K-wire M

15 Springer Spaniel 24 7 y, 1 mo L R FLHC 2h, 30m K-wireþ screw M

16 Springer Spaniel 24 3 y, 4 mo L R FLHC 2h, 20m K-wireþ screw M

17 French Bulldog 4.7 112 d L L SH IV 2h, 55m K-wire // F

18 Epagneul Breton 19 8 y, 8 mo L R FLHC 4h K-wireþ screw M

Abbreviations: //, parallel K-wire; d, days; ESF, external skeletal fixator; F, female; FLHC, fracture of the lateral humeral condyle; K-wire, Kirschner wire;
LL, lateral left; LR, lateral right; M, male; mo, month; ML, medial left; MR, medial right; SH, Salter Harris; y, year; YR, Y fracture right.
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capitulum and in lowermost position for fractures of the
trochlea, while they were positioned in dorsal recumbency
for bicondylar fractures, allowing access to both the lateral
and themedial sidebyadducting and abducting the limb. The
dog’s bodywas stabilized bymeans of padded traction bands
(Ad Maiora, Cavriago, Italy), as previously described.19 Two
orthogonal fluoroscopic images were taken before any re-
duction attempt, so as to define the exact magnitude of
fracture displacement. The lateral projection was straight-
forward, with the C-arm in the vertical position. For the
sagittal projection, the rotation of the C-arm in thehorizontal
plane proved to be very time-consuming, and a specifically
designed technique was developed to perform the sagittal
projection of the condyle with the C-arm in the vertical
position as for the lateral projection, in this way dramatically
reducing the time needed for visualization. Extreme prona-
tion of the humerus was induced together with the ante-
brachium (►Fig. 3). In this way, a CC projection was
performed, speeding up the fluoroscopic evaluation. A 1.0-
to 1.5-mm K-wire was placed orthogonally through the
proximal ulna, just distally to the elbow on the axis of the

humerus and connected to a traction stirrup (Ad Maiora,
Cavriago, Italy).19 The stirrup is made of twomobile arms (A)
with a joint (J) and a threaded bar (T) with a nut (N) (►Fig. 4).
Tightening the nut, the arms are spread apart in a progressive
way. Their extremities hold bolts with a perforated screw

Fig. 2 Postoperative radiographs of an adult dog (number 18) with
fracture of the lateral aspect of the humeral condyle.

Fig. 1 Postoperative radiographs of a skeletally immature dog
(number 5) with fracture of the lateral aspect of the humeral condyle.

Fig. 3 Intraoperative position of the limb to perform the sagittal
projection of the condyle with the C-arm in the vertical position.
Extreme pronation of the humerus was induced together with the
antebrachium (proximal¼ top – lateral¼ left). The minimally invasive
surgical approach to the lateral epicondyle is visible.

Fig. 4 Intraoperative picture of the stirrup applied for skeletal
traction. The stirrup is made of two mobile arms (A) with a joint (J) and
a threaded bar (T) with a nut (N). Tightening the nut, the arms are
spread apart in a progressive way, thus tensioning the Kirschner wire
(K) that is inserted through the ulna .
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that can lock a K-wire (K) up to 1.5mm in diameter. Once the
K-wire is locked at both extremities, the opening of the arms
will tension the wire. The tensioned wire will not bend
during traction, and this will prevent it from cutting through
the surrounding soft tissues, as shown by the clinical use of
circular fixators.20 A 3/4-cm-long surgical approach to the
lateral or medial epicondyle was performed, and the proxi-
mal part of the fractured epicondyle was observed. Traction
was thenmanually applied by the stirrup to displace the ulna
caudally, thus avoiding any interference of the ulna with the
intercondylar fracture area, potentially interfering with the
reduction in the condylar fragments (►Fig. 5).21 Further-
more, the muscle and tendon attachments between the ulna
and the humeral condyle bring the fractured fragment back
close to its original location for the principle of ligamento-
taxis.22 Specific attention was paid to achieve anatomical
reduction in the epicondylar fracture, without opening the
elbow joint to visually check for proper reduction in the joint
surface. The assumptionwas that when the epicondylar area
is perfectly reduced, the articular surface of the condyle
should be reduced as well. Then, a pointed reduction forcep
(Synthes, Milan, Italy) was applied on both sides of the
humeral condyle to stabilize the fracture and two orthogonal
fluoroscopic views were taken to confirm that fracture
reduction was adequate. If the fluoroscopic views showed
unsatisfactory reduction, the clamp was released, the reduc-
tion in the epicondylewas revised and the clampwas applied
again. A 1.0- to 1.5-mm K-wire, depending on the dog’s size,
was used to stabilize the epicondylar fracture first. The
condylar fracture was then stabilized by means of K-wires
in immature dogs or by a transcondylar positional screw in
mature dogs (►Fig. 6), while maintaining the reduction

forcep in place (►Fig. 7). Once the K-wires were inserted,
the forcep was removed and the small incision (►Fig. 8)
closed routinely. The size and the number of K-wires were
related to the size of the dog.

Fig. 5 Diagram showing the principle of ligamentotaxis. The
Kirschner wire is placed orthogonally through the proximal ulna, just
distal to the elbow on the axis of the humerus and connected to a
traction stirrup. When traction is applied by the stirrup, the ulna is
displaced caudally (green arrow), thus avoiding the interference with
the intercondylar fracture area and potentially preventing the
reduction in the condylar fragments, which can move back to their
original location (red and purple arrows). Fig. 6 Medio-lateral fluoroscopic view of the elbow joint of an

immature dog with a fracture of the lateral portion of the humeral
condyle after reduction and stabilization of the epicondylar fracture
by means of a Kirschner wire.

Fig. 7 Cranio-caudal fluoroscopic view of the elbow joint of an
immature dog with fracture of the capitulum after reduction and
epicondylar stabilization by means of a Kirschner wire. The forcep
holds the reduction fracture until the fracture will be stabilized. Note
the presence of the traction stirrup at the level of the proximal ulna.
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Postoperative Radiographic Assessment
Immediate PO measurements were taken in both ML and CC
projections (►Table 2).

For the comparison of the reduction achieved, the meas-
urements were normalized to the diameter of the humeral
condyle in both ML and CC projections. To determine the
diameter of the humeral condyle (HCD) in ML projection, a
circle including the articular area of the condyle (►Fig. 9)
was drawn. To determine the diameter of the humeral
condyle in CC projection, a circle including the medial and
lateral epicondyles (►Fig. 10) was drawn. The normalization
of the fracture gap against the condyle size was necessary to
avoid incorrect evaluation of the same gap in condyles with
different sizes. The reduction in the epicondyle in the ML
projection was evaluated by drawing a point on the edge of
the fracture line on each fragment of the medial or lateral
epicondylar fracture. Afterwards, the points were connected
to each other by a line orthogonal to the cortex, and its length
was measured. When the spots were superimposed, the
measure was zero, indicating the absence of fragment dia-
stasis and therefore anatomic reduction (►Fig. 9). The re-
duction in the epicondyle and of the articular surface of the
condyle in the CC projection was evaluated by drawing a
point on the edge of the fracture line on each fragment of the
medial or lateral supracondylar fracture or on each fragment
of the articular profile of the condyle. Afterwards, the points
were connected to each other by a line orthogonal to the
cortex, and its length was measured (►Fig. 10). The actual
measure was calibrated against a radiographic marker of
known size on the picture. The percentage of reduction was
then calculated normalizing the measure with the condyle
diameter using the formula:

% of reduction¼HCD in CC or ML projection – gap at the
fracture lines / HCD in CC or ML projection

where 0 means 100% displacement of the fracture and 1
means 100% reduction in the fracture.

Results

Signalment, type of fracture, site, surgical description and
the radiographic evaluation of 19 fractures in 18 dogs were
shown in►Table 1. Sixteen fractures were Salter-Harris type
IVand threewere suspected to be associatedwith HCF, based
on the breed. Fifteen involved the capitulum (78%), two
affected the trochlea (11%) and two were dicondylar frac-
tures (11%). Nine fractures affected the left limb (47%) and
ten affected the right limb (53%). One patient presentedwith
bilateral fractures of the capitulum. Mean weight at surgery
was 11.2 kg (median: 10 kg, range: 0.8–24kg). The popula-
tion was made up of two different groups of patients. The
main group (n¼15) were puppies with a history of trauma;
mean age was 129 days (median: 116 days, range: 90–215).
The second group (n¼3) were mature patients where the
potential inciting cause of fracture was HCF; mean age was
6 years and 4 months (median: 7 years, 1 month, range:
3 years, 4 months–8 years, 8 months). Twelve patients
were male and six were female. Surgery duration was
on average 157minutes (median: 140minutes, range:
85–255minutes). Sixteen condylar fractures (84.2%) in
puppieswere stabilized usingmultiple K-wires. Stabilization
of unicondylar (lateral ormedial) humeral fracture inmature
dogs (three, 15.8%) was achieved with a transcondylar
position screwand antirotationalwire. Immediate PO assess-
ments are shown in ►Table 2. Mean reduction in the articu-
lar profile of the condyle in CC view was 98.3% (median:
98.3%, range: 93.1–100%). Mean reduction in the lateral
epicondyle in CC view was 98.6% (median: 99.2%, range:
96.3–100%). Mean reduction in the medial epicondyle in CC
view was 95.6% (median: 96%, range: 90.2–100%). Mean
reduction in the lateral epicondyle in ML view was 97%
(median: 100%, range: 79–100%). Mean reduction in the
medial epicondyle in ML view was 85.7% (median: 87.2%,
range: 68.3–100%). Case number 4 presented a dicondylar
fracture of the right humerus. Fracture stabilization was
maintained using divergent transcutaneous K-wires with a
spring effect.23 Case number 13 presented a bilateral fracture
of the capitulum. At the end of the surgical procedure an
articulated, monoplanar, transarticular external fixator
centred over the centre of rotation of the elbow was applied
bilaterally. The rationale for the transarticular fixator was to
protect the elbows from excessive loads in the immediate PO
period because the dog was forced to bear weight on them
being the fracture bilateral.

Discussion

The results of our study are comparable with previously
published papers on the treatment of condylar fractures.17,24

The majority of the cases in our study were immature dogs
therefore had a Salter-Harris type IV fracture, which is
reported as themost common humeral fracture in immature
dogs.11 The anatomical conformation of the distal humerus
and HCF are considered predisposing factors for the occur-
rence of condylar fractures.9,25 In nine cases in this study, the
extent of the incongruence of the fracture at the epicondyle

Fig. 8 Intraoperative picture of the minimally invasive approach to
the lateral epicondyle. Once the fracture is stabilized, the traction
stirrup can be easily removed to allow for easier bending and cutting
of the Kirschner wires.
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level was equal to that present on the articular surface of the
humeral condyle in the CC projection, indicating a lack of
alignment in the frontal plane. In other three cases, the
incongruity was present only at the epicondyle level and
not at the articular surface of the humeral condyle. This
incongruity is likely to have been caused by insufficient
reduction or compression across the supracondylar fracture
line during stabilization. Incongruity at the articular surface
of the condyle with congruity at the epicondyle level was
present in five cases. This incongruity was likely caused by
insufficient compression on the humeral condyle during
stabilization, or by the presence of fibrin, clots and small
bone fragments within the fracture line. Chronicity of the
fracture limits treatment options and results in a poorer
prognosis. Closed reduction in articular fractures with sub-
sequent internal fixation is recommended for treatment
within 24 to 48 hours from trauma and with reduced swell-
ing. Open reduction is recommended in patients more than
48hours from trauma or for fractures that are difficult to
reduce because of swelling, early fibrous callus formation or
severe muscle contraction.26 The prognosis should reflect
both these technical issues and the increased risk for devel-
opment of clinically relevant osteoarthritis.27

Our findings suggest that the greatest amount of fracture
displacement is in the ML projection. This may be caused by
the difficulty of maintaining proper reduction in the epi-
condyle during the insertion of the first K-wire, while the
overall stability is still low. This may cause a rotation relative
to the centre of the condyle. The reduction in the fracture
using a traction stirrup (Ad Maiora, Cavriago, Italy) and one
single reduction forceps was feasible without the need for an
open approach of the joint surface, though it had quite a
difficult learning curve. Fluoroscopy is mandatory for intra-
operative assessment of the reduction in the fracture and to
confirm correct positioning of the implants.

Further studies are required to evaluate the impact of
minimally invasive fracture reduction on later development
of osteoarthritis. The choice to treat fractures in patients in
their growth phase exclusively with K-wires was due to the
fact that they usually have a very soft bone, and in those
patients bone healing is more rapid, which shortens the time
required for the implants transfix the fracture.28

Tomlinson argued that because the bones of immature
dogs are small and soft, repair with a lag screw may be
contraindicated.15,29,30 In 12 cases of this study, the K-wires
were inserted in a parallel way, which can be better for
avoiding the growth plate.15 The number and diameter of the
K-wires were related to the size of the dog. However, not all
the dogs in this study were skeletally immature. In skeletally
mature dogs, different methods of treatment including
screw fixation plus antirotational K-wire10,12,13 or a neutral-
ization plate might be more appropriate, being the gold
standard for the treatment of such fractures.4,7,13 The tech-
niquewas found to be consistently repeatable, andwith good
fracture reduction outcomes based on PO radiographic ex-
amination. It can be considered as a potential alternative to
standard open reduction and fixation techniques. Anatomi-
cal reduction is not always easy to achieve even with more

Fig. 9 Medio-lateral radiograph showing the circle including the
articular part of the condyle (red circle), whose diameter is used for the
normalization of the measure of the reduction in the fracture (green
line). The fracture displacement (line L) at the epicondlar level is then
measured and normalized against the circle diameter. The case shown
in the picture (n. 12) was on purpose selected with a gap at the
fracture level to show how the displacement was measured. Note the
small hole (arrow) at the level of the proximal ulna that represents the
point where the Kirschner wire for the traction stirrup was inserted.

Fig. 10 Cranio-caudal radiograph showing the circle including the
lateral and medial epicondyles (red circle), whose diameter is used for
the normalization of the measure of the reduction in the fracture
(green lines) at both the epicondylar (L1) and joint surface (L2) level.
The case shown in the picture (n. 12) was on purpose selected with a
gap at the fracture level to show how the displacement was measured.
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extensive open approaches for the treatment of bicondylar
fractures.2

Although the technique described is mini-invasive and
technically feasible, there are some disadvantages. Radio-
exposure due to the use of fluoroscopy is a concern, for both
the surgeons and the operating room personnel. Then, the
equipment cost should be considered and the steep learning
curve for the appropriate use of the instruments and patient
positioning for intra-operative evaluation of fracture reduc-
tion. On the average, it required a longer surgery time
compared with the standard open approach, as also de-
scribed by Perry and colleagues.13 As for most techniques,
the length of surgerymay decrease once the surgeonmasters
the procedure.

In conclusion, the procedure is technically feasible, but
long-term clinical follow-up is necessary to further evaluate
the impact of minimally invasive approach compared with
standard open access techniques.

Conflict of Interest
Dr. Gian Luca Rovesti owns shares of the Ad Maiora
Company.
Dr. Fabio Barbieri owns shares of the AdMaiora Company.

References
1 Phillips IR. A survey of bone fractures in the dog and cat. J Small

Anim Pract 1979;20(11):661–674
2 Bardet JF, Hohn RB, Rudy RL, Olmstead ML. Fractures of the

humerus in dogs and cats: a retrospective study of 130 cases.
Vet Surg 1983;12:73–77

3 Denny HR. Condylar fractures of the humerus in the dog: a review
of 133 cases. J Small Anim Pract 1983;24:185–197

4 Rørvik AM. Risk factors for humeral condylar fractures in the dog:
a retrospective study. J Small Anim Pract 1993;34:277–282

5 Vannini R, Smeak DD, Olmstead ML. Evaluation of surgical repair
of 135 distal humeral fractures in dogs and cats. J Am Anim Hosp
Assoc 1988;24:537–545

6 Guille AE, Lewis DD, Anderson TP, et al. Evaluation of surgical
repair of humeral condylar fractures using self-compressing
orthofix pins in 23 dogs. Vet Surg 2004;33(04):314–322

7 Sumner-Smith G. Observations on epiphyseal fusion of the canine
appendicular skeleton. J Small Anim Pract 1966;7(04):303–311

8 Vannini R, Olmstead ML, Smeak DD. Humeral condylar fractures
caused by minor trauma in 20 adult dogs. J Am Anim Hosp Assoc
1988;24:335–362

9 Marcellin-Little DJ, DeYoung DJ, Ferris KK, Berry CM. Incomplete
ossification of the humeral condyle in spaniels. Vet Surg 1994;23
(06):475–487

10 Tomlinson JL. Fractures of the Humerus. In: Slatter D, ed. Text-
book of Small Animal Surgery. 3rd edition. Philadelphia: WB
Saunders; 2002:1905–1918

11 Hayes GM, Radke H, Langley-Hobbs SJ. Salter-Harris type III
fractures of the distal humerus in two dogs. Vet Comp Orthop
Traumatol 2011;24(06):478–482

12 Piermattei DL, Flo GL. Fractures of the humerus. In: Brinker,
Piermattei, and Flo’s Handbook of Small Animal Orthopedics and

Fracture Repair. 3rd edition. Philadelphia, PA: Saunders;
1997:261–287

13 Perry KL, BruceM,Woods S, Davies C, Heaps LA, Arthurs GI. Effect
of fixation method on postoperative complication rates after
surgical stabilization of lateral humeral condylar fractures in
dogs. Vet Surg 2015;44(02):246–255

14 Morshead D, Stambaugh JE. Kirschner wire fixation of lateral
humeral condylar fractures in small dogs. Vet Surg 1984;13:1–5

15 Cinti F, Pisani G, Vezzoni L, Peirone B, Vezzoni A. Kirschner wire
fixation of Salter-Harris type IV fracture of the lateral aspect of the
humeral condyle in growing dogs. A retrospective study of 35
fractures. Vet Comp Orthop Traumatol 2017;30(01):62–68

16 HerronMR. Lateral condylar fracture of the humerus: amethod of
closed repair. Canine Pract 1975;2:30–34

17 Cook JL, Tomlinson JL, Reed AL. Fluoroscopically guided closed
reduction and internal fixation of fractures of the lateral portion
of the humeral condyle: prospective clinical study of the tech-
nique and results in ten dogs. Vet Surg 1999;28(05):315–321

18 GordonWJ, Besancon MF, Conzemius MG, Miles KG, Kapatkin AS,
Culp WTN. Frequency of post-traumatic osteoarthritis in dogs
after repair of a humeral condylar fracture. Veterinary and
Comparative Orthopaedics and Traumatology 2003;16:1–5

19 Rovesti GL, Margini A, Cappellari F, Peirone B. Intraoperative
skeletal traction in the dog: a cadaveric study. Vet Comp Orthop
Traumatol 2006;19(01):9–13

20 Rovesti GL, Bosio A, Marcellin-Little DJ. Management of 49 ante-
brachial and crural fractures in dogs using circular external
fixators. J Small Anim Pract 2007;48(04):194–200

21 Maritato KC, Rovesti GL. Minimally invasive osteosynthesis tech-
niques for humerus fractures. Vet Clin North Am Small Anim Pract
2020;50(01):123–134

22 Tartaglia N, Vicenti G, Carrozzo M, et al. The treatment of distal
third humeral diaphyseal fractures: is there still a place for the
external fixation? Musculoskelet Surg 2016;100(Suppl 1):45–51

23 Sano K, Hashimoto T, Kimura K, Ozeki S. Percutaneous flexible
double pinning (Py-Desmanet’s procedure) for pediatric distal
radius fractures. Hand (N Y) 2013;8(04):392–396

24 Morgan ODE, Reetz JA, Brown DC, Tucker SM, Mayhew PD.
Complication rate, outcome, and risk factors associated with
surgical repair of fractures of the lateral aspect of the humeral
condyle in dogs. Vet Comp Orthop Traumatol 2008;21:400–405

25 Carmichael S. Fractures in skeletally immature animals. In:
Coughlan AR, Miller A, eds. Manual of Small Animal Fracture
Repair and Management. 1st edition. Cheltenham: British Small
Animal Veterinary Association; 1998:103–111

26 Jackson DA. Management of humeral fractures. In: Bojrad MJ, ed.
Current Techniques in Small Animal Surgery. 3rd edition. Phila-
delphia, PA: Lea & Febiger; 1990:766–769

27 Karen L. Perry, Principles of articular fracture management. Com-
panion Anim 2018;23(01):. Doi: 10.12968/coan.2018.23.1.18

28 Langley-Hobbs SJ. Fractures of the humerus. In: Tobias KM,
Jhonston SA, eds. Veterinary Surgery Small Animal. Volume 1.
Oxford: Elsevier; 2012:709–720

29 Tomlinson JL, Constantinescu GM. Fixation of lateral humeral
condylar fractures with multiple Kirschner wires. In: Bojarab MJ,
Slocum B, Ellison GW, eds. Current techniques in small animal
surgery. 4th edition. Baltimore: Williams & Wilkins; 1997:
1019–1021

30 Li WC, Xu RJ. Comparison of Kirschner wires and AO cannulated
screw internal fixation for displaced lateral humeral condyle
fracture in children. Int Orthop 2012;36(06):1261–1266

VCOT Open Vol. 5 No. 2/2022 © 2022. The Author(s).

Reduction Technique for Humeral Condylar Fractures Using Skeletal Traction Benedini et al.e64


