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Management of Humeral and Femoral
Fractures in Dogs and Cats With Linear-
Circular Hybrid External Skeletal Fixators

Linear-circular hybrid fixators were used to stabilize humeral and femoral fractures in 21 dogs and
five cats. Twenty-two of 24 fractures with sufficient follow-up radiographic evaluation obtained
union. Time to radiographic union ranged from 25 to 280 days (mean =+ standard deviation [SD]
110469 days; median 98 days). Eleven animals developed minor and two dogs developed major
pin and/or wire tract inflammation. Functional outcome was rated as excellent (n=16), good (n=5),
and fair (n=3) at the time of final long-term assessment (range 4.5 to 60.0 months; mean + SD
28.4+15.4 months; median 28.5 months). Follow-up information was unavailable for two animals.
Hybrid fixators were useful constructs for stabilization of humeral and femoral fractures, particular-
ly fractures with short, juxta-articular fracture segments. J Am Anim Hosp Assoc 2008;44:180-197.
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Introduction

Circular external skeletal fixation has become a well-established treatment
modality for performing limb lengthening, bone transport, and progressive
correction of limb deformities in dogs and cats.!-5 In these dynamic appli-
cations, frame components are manipulated during the convalescence peri-
od to sequentially adjust the position of bone segments, invoking the
phenomenon of distraction osteogenesis.>© When applied in a static mode,
circular fixators can also be used effectively for fracture stabilization.”-3

Circular fixators share many attributes with linear fixators, which
make both systems advantageous for fracture management in dogs and
cats.”"11 Both systems are modular, allowing frames to be constructed in
numerous configurations; they can be applied either during open or
closed fracture reduction; they are particularly useful for stabilizing com-
minuted fractures; and they can be used in combination with internal fix-
ation, most often intramedullary pins and cerclage wires.

Traditional circular fixators utilize small-diameter wires as fixation
elements, whereas linear fixators utilize larger diameter full- and half-
pins as fixation elements.!2 Although fixation wires are usually tensioned
to increase construct stiffness, deflection of the wires during weight-bear-
ing allows for axial micromotion of the secured bone segments. This pur-
portedly stimulates callus formation and accelerates bone healing.!3:14
Additionally, the use of small-diameter wires also facilitates placement of
multiple fixation elements about the circumference of the ring at diver-
gent angles, which is particularly advantageous when stabilizing short,
juxta-articular bone segments.3-8:12 Manipulation of fixation wires, par-
ticularly olive wires, can help obtain or improve reduction either during
or following surgery.8:11

Application of traditional circular fixators is limited proximal to the
elbow and stifle, as the proximity of the trunk interferes with placement
of complete rings. A linear-circular hybrid fixator system? has been
developed that confers beneficial properties of both linear and circular
systems.? The principal connecting elements in this hybrid system are the
partially threaded titanium hybrid rods. The threaded portion of the
hybrid rods can be secured to the holes in ring components. Paired hemi-
spherical washers and nuts can be used to secure the hybrid rods at an
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oblique angle to the ring’s surface. Linear fixator pin
clampsP are used to secure half- or full-pins to the unthread-
ed portion of the hybrid rod.%-!5 Hybrid fixators allow uti-
lization of ring components for stabilizing proximal limb
fractures. They are simpler to apply, particularly in smaller
dogs and cats, and they have fewer wire tract complications
than traditional circular fixators.? The purpose of this study
was to review results from cases (21 dogs and five cats) in
which hybrid constructs were utilized to stabilize humeral
or femoral fractures.

Materials and Methods

The medical records and radiographs of all dogs and cats
with humeral or femoral fractures managed with a hybrid
fixator between June 2000 and July 2006 were reviewed.
The following information was recorded for each case: the
animal’s signalment and history; a description of the frac-
ture, including the degree of comminution (modified
Winquest-Hansen comminution score;® see Appendix); a
description of the surgical procedure and related postopera-
tive complications; the time to radiographic union as well as
fixator removal; and the final clinical outcome.

All animals received perioperative cefazolin® (22 mg/kg
intravenously) at the time of anesthetic induction and every
2 hours throughout the surgical procedure. The affected limb
was clipped and prepared for aseptic surgery. Fracture reduc-
tion was accomplished using an open, limited open, or
closed approach. Anatomical reconstruction of the fracture
was performed, when applicable, using interfragmentary
cerclage wires, Kirschner wires, and/or lag screws. In most
fractures, an intramedullary pin was placed. Bone grafts
were utilized depending on the degree of comminution, the
etiology of the fracture, and the discretion of the attending
surgeon. Following closure of the surgical approach, an
incomplete ring was secured to the juxta-articular, generally
distal bone segment using various combinations of pins

and/or Kirschner and/or olive wires. When available, intra-
operative fluoroscopy was used to confirm fracture reduc-
tion and proper application of the fixation elements. The
primary hybrid rod was then secured in one of the lateral
holes of the ring, using paired hemispherical washers and
nuts. A variable number of partially threaded half-pins were
placed to secure the longer, generally proximal bone seg-
ment. A secondary hybrid rod was secured to one of the cra-
niomedial holes of the ring by means of articulated posts or
a hinge assembly, and the secondary rod was articulated
proximolaterally to the primary hybrid rod or secured to a
cranially positioned half-pin placed in the proximal fracture
segment. If an intramedullary pin was used to stabilize the
fracture, the end of the pin was left protruding proximally
through the skin and articulated with the hybrid frame
[Figures 1A-1D].

If a closed reduction was performed, the ring compo-
nent was secured to the short fracture segment using pins
and/or wires. Correct placement of the ring fixation ele-
ments was confirmed with fluoroscopy, when available.
The primary hybrid rod was loosely secured in one of the
lateral holes in the ring using paired hemispherical wash-
ers and nuts. A partially threaded half-pin was placed in
the long, generally proximal fracture segment and was
loosely attached to the hybrid rod using a pin fixation
clamp. The fracture was then reduced by applying traction
between the ring and the fixation pin. When the fracture
was perceived to be aligned, the nuts securing the hybrid
rod in the ring and the pin fixation clamp were tightened.
Reduction was assessed by palpation or fluoroscopy, when
available, and further manipulation was performed to
improve reduction, if necessary. Once acceptable reduc-
tion of the fracture was achieved, the construct was com-
pleted by placing additional fixation pins and connecting
elements as described for fractures treated with an open
approach [Figures 2A-2F].

Appendix

Modified Winquist-Hansen Classification of Fracture Comminution

Score Description

0 No comminution

| Small, unimportant bone chip

\" Segmental fracture

n >50% contact between major proximal and distal fracture segments
] <50% contact between major proximal and distal fracture segments

v* No contact between major proximal and distal fracture segments

" Based on potential contact between segments following fracture reduction
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Figures 1A-1D—Initial postoperative (A, B) radiographs
showing stabilization of a distal diaphyseal-metaphyseal
(Winquest Il) humeral fracture (case no. 14). The
intramedullary pin was left protruding from the proximal
humerus, bent, and articulated with the hybrid frame. The
fracture obtained radiographic union (C, D), and the fixator
was removed 126 days following surgery.

Postoperative radiographs were obtained and adjust-
ments were made, if necessary, while the animals were
under general anesthesia. The limb and fixator were coapt-
ed, and the bandage was changed daily until perioperative
swelling had resolved and the pin and wire insertion inci-
sions had begun to heal. At the time of discharge, owners
were instructed to clean the pin and wire tract-skin inter-
faces daily, restrict exercise, and administer nonsteroidal
antiinflammatory medication for a variable period of time.
Recheck examinations and radiographic assessments were
advised monthly until fracture healing was complete and the
fixator was removed.

Operative reports and radiographs were reviewed, and
the implants and hybrid configurations applied were record-
ed. Medical records and radiographs of each animal were
reviewed to evaluate clinical presentation, complications,
time to union, and time to fixator removal. Owners were
contacted by phone and asked to describe their animal’s
long-term limb function based on the following scale:
excellent (normal limb function); good (mild, intermittent
lameness); fair (mild to moderate lameness, but consistent
weight bearing); and poor (nonweight-bearing lameness).16

Statistical Analysis

Cox proportional hazards regression analysis was used to
assess the effect of selected parameters on time to union.
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Figures 2A-2F—
Preoperative (A, B)
radiographs of a trans-
verse comminuted
(modified Winquest-
Hansen comminution
score |l) mid- to distal
diaphyseal femoral frac-
ture (case no. 10). The
fracture was stabilized
using a closed reduc-
tion. Fluoroscopy was
used to confirm proper
implant placement (C)
and fracture alignment
(D). Initial postoperative
(E, F) radiographs were
obtained.
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Parameters assessed included age (<60 months versus >60
months); approach (open versus limited open or closed);
articular component to the fracture (yes versus no); bone
fractured (humerus versus femur); postoperative complica-
tions (none versus minor versus major); use of a bone graft;
anatomical reduction (complete or partial reconstruction
versus no reconstruction); initial versus revision surgery;
and modified Winquest-Hansen score (0, I, or II versus III
or IV). Parameters with a P value <0.20 were further exam-
ined in a multivariable model to evaluate possible interac-
tion or confounding effects that these parameters might
have had on time to union. Adjusted hazard ratios (HRs) and
95% confidence intervals (CIs) were reported in the final
model for each parameter. The reference category had an
HR of 1. An HR <1.0 indicated that the probability of union
was decreased compared to that for animals in the reference
category. Values of P<0.05 were considered significant.

Results

Fracture stabilization was performed in 21 dogs and five
cats. Information regarding each animal’s signalment and
history, fracture description, complications, time to radio-
graphic union and fixator removal, and final clinical out-
come are listed in Table 1. The animals ranged in age from
3 months to 11 years (mean * standard deviation [SD]
3.6+2.6 years; median 3.5 years). Body weights for the dogs
ranged from 4.6 to 54.0 kg (mean + SD 20.6+13.3 kg; medi-
an 22.0 kg), and body weights for the cats ranged from 3.0
to 6.0 kg (mean + SD 4.8+1.1 kg; median 5.0 kg).

Fourteen animals had humeral fractures, and 12 had
femoral fractures. In 19 animals, fractures involved the dis-
tal diaphysis or metaphysis. The proximal to mid-diaphysis
of the humerus was affected in three animals, and the prox-
imal femoral metaphysis or diaphysis was affected in four
animals. Five animals had open fractures, all as a result of
gunshot injuries.

Five dogs had concurrent orthopedic injuries. Case no. 2
had ipsilateral tarsal ligamentous instability and a mandibu-
lar symphyseal fracture, which were stabilized with a circu-
lar external skeletal fixator and a cerclage wire,
respectively. Case no. 5 was presented with an ipsilateral
sacroiliac luxation, which was stabilized with lag screw fix-
ation. Case no. 13 was presented with a contralateral
femoral neck fracture that was treated by femoral head and
neck excision. Case no. 15 had a 12th through 13th thoracic
vertebral column fracture-luxation that was stabilized with
pins and methylmethacrylate. Case no. 23 had a Salter-
Harris type I fracture of the contralateral distal femur that
was stabilized using interfragmentary cross pins.

A hybrid fixator was used in the initial management of
21 fractures, and in four dogs and one cat the fixator was
applied during revision procedures to stabilize failed previ-
ous repairs. Descriptions of the surgical approach and
hybrid constructs are listed in Table 2. An open approach
was used to reduce eight of the humeral fractures and 10 of
the femoral fractures. A limited open approach was per-
formed in five animals. A closed reduction technique was

used in the remaining three animals. Intraoperative fluo-
roscopy was utilized to assess reduction and confirm correct
implant placement in all but three of the surgical proce-
dures. In 20 fractures, an intramedullary pin was placed and
articulated with the fixator. Autogenous and/or allogenic
cancellous bone grafting was performed in 12 fractures.

Incomplete stretch rings were used to stabilize the distal
fracture segment in 23 fractures. A one-third arch was used
to stabilize the proximal fracture segment of two fractures
(case no. 3 had both a proximal arch and distal stretch ring,
and case no. 6 had a proximal arch). The humeral condyle
was secured to a five-eighth ring in two fractures. In 15 con-
structs, centrally threaded full-pins and end-threaded half-
pins were used as the ring fixation elements. In 11
constructs, Kirschner and/or olive wires were used as ring
fixation elements.

All hybrid constructs utilized a primary lateral hybrid
rod, and four constructs utilized only a lateral hybrid rod.
Fourteen constructs consisted of a primary lateral hybrid
rod and an articulated secondary hybrid rod. The hybrid fix-
ators applied in the remaining six animals were more elab-
orate constructs utilizing additional hybrid and connecting
rods.

Fourteen animals experienced complications after fixator
application. The most common complication was pin and/or
wire tract drainage during the convalescence period. Eleven
animals developed minor pin and/or wire tract inflamma-
tion,38 which responded to improved cleaning of the
pin/wire-skin interfaces and administration of oral antibi-
otics. Two dogs had major pin and/or wire tract inflamma-
tion.38 Case no. 25 was diagnosed with an infection of the
fracture site by the referring veterinarian 1 week following
surgery; however, subsequent follow-up information was
not available for this dog.

Twenty-two of 24 fractures with sufficient follow-up
obtained union. Time to radiographic union ranged from 25
to 280 days (mean + SD 110+69 days; median 98 days). The
fixator was removed at the time radiographic union was
observed in 21 animals, and the fixator was removed prior
to definitive radiographic union in three animals. Partial and
progressive removal of the hybrid construct was performed
in eight animals. Case no. 5 jumped off a deck and refrac-
tured its humerus 1 week after confirmation of radiograph-
ic union and hybrid fixator removal. The fracture was
restabilized with a type IA linear fixator, and union was
achieved 166 days after the second surgery. The functional
outcome in this dog was considered excellent.

Fractures in two dogs failed to achieve union, and a
hybrid fixator had been applied to revise previously failed
surgical repairs in both dogs. Case no. 1 had recurrent pin
tract infections, and osteomyelitis developed following
application of the hybrid fixator. Appropriate antibiotic
therapy based on cultures and sensitivities failed to resolve
the infection, and the dog had only a fair functional out-
come. Case no. 11 had a chronic, infected, nonunion
femoral fracture that had initially been stabilized with an
intramedullary pin and cerclage wires. The fractured femur
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was approximately 30% shorter than the contralateral femur
and had extreme disuse osteopenia. At the time of revision
surgery and application of a hybrid fixator, the remaining
implants were removed, the nonunion site was débrided,
and an autogenous cancellous bone graft was placed in the
fracture site. Postoperatively, the fixation pins in the proxi-
mal femur developed purulent drainage with associated
radiolucency. Sixty-nine days after application of the hybrid
fixator, progression toward fracture union was not evident,
and further revision was advised. The owner declined fur-
ther treatment, and the referring veterinarian finally
removed the frame 970 days after application, despite per-
sistent radiographic nonunion. The dog had improved use of
the limb following fixator removal, and the owners assessed
the dog’s limb function as fair.

Final direct evaluation of limb function was performed
between 1 and 31 months after the application of the hybrid
fixator (mean + SD 7.0+8.5 months; median 4.0 months).
Telephone interviews with the owners assessing their dog’s
limb function were conducted between 4.5 and 60.0 months
(mean = SD 27.4+15.6 months; median 26.0 months).
Long-term functional outcome was assessed by owners to
be excellent in 16 animals and good in five animals. Limb
function in three animals (including the two dogs in which
the fracture did not achieve union) was assessed as fair. The
third animal assessed as having fair limb function was the
cat (case no. 8) that had sustained a traumatic ipsilateral

scapulohumeral luxation subsequent to stabilization of its
humeral fracture. Follow-up information was unavailable
for two dogs.

Results of the Cox regression analysis and univariate
analysis are shown in Table 3. The odds of union in ani-
mals with modified Winquest-Hansen scores III or IV
were 0.26 times those in animals with scores 0, I, or IT (HR
0.26; 95% CI 0.09 to 0.72; P=0.01). In the multivariable
analysis, the variables for bone, complication, graft, and
reduction were not significantly associated with time to
union (P>0.10) and were removed from the model.
Modified Winquest-Hansen scores, revision surgery, and
age were retained in the final modeling process [Table 3].
The odds of union in animals with modified Winquest-
Hansen scores of III or IV were 0.16 times those in ani-
mals with scores of 0, I, or IT (HR 0.16; 95% CI 0.05 to
0.49; P<0.01) after controlling for revision surgery and
age. Animals with low scores were used as the reference
category (odds ratio [OR] 1.0, the null value). An OR of
0.16 indicates that the odds of union in dogs with high
scores was 0.16 times that in dogs with low scores. In
other words, the odds of union was 6.25 (1.0/0.16 = 6.25)
times higher in dogs with low scores compared to dogs
with high scores. The odds of union in animals having
revision surgery were 0.20 times the odds of union in ani-
mals with hybrid fixators used to initially stabilize frac-
tures (HR 0.20; 95% CI 0.04 to 0.92; P=0.03).

Table 3

Cox Proportional Hazard Ratios and 95% Confidence Intervals for Time to Union in 26 Animals
With Humeral or Femoral Fractures Stabilized With Linear-Circular Hybrid Fixator
Constructs (Multivariable Analysis)

Variable HR’ 95% CIt PValue
Winquest score

o, 1,1 1.00 Reference NAF

I, v 0.16 0.05 to 0.49 <0.01
Revision surgery

No 1.00 Reference NA

Yes 0.20 0.04 to 0.92 0.03
Age (mos)

3to 60 1.00 Reference NA

61 to 132 0.56 0.18to 1.72 0.31

* HR=hazard ratio
1 Cl=confidence interval
1 NA=not available
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Discussion

The use of hybrid fixators to stabilize fractures of the crus
and antebrachium has been described; however, limited
information is available describing the use of hybrid con-
structs for proximal extremity fractures.%:!5 This case series
validates the efficacy of hybrid fixators for the stabilization
of humeral and femoral fractures. The circular components
of hybrid fixators are particularly advantageous for stabiliz-
ing fractures with short, juxta-articular fracture seg-
ments.%>15 Fractures in this case series involved the
proximal or distal metaphysis-diaphysis, and the limited
bone stock available in these juxta-articular fracture seg-
ments would have made application of a bone plate or inter-
locking nail difficult.

In 11 animals, multiple points of fixation were obtained
in short bone segments by using small-diameter fixation
wires. In this case series, wires were used to secure juxta-
articular humeral and femoral segments in smaller dogs
(mean + SD body weight 8.5+3.5 kg) and in four of five
cats. Biomechanical studies have suggested that wires
should be placed at 90° to one another in order to achieve
maximum construct stability and prevent translocation of
the secured bone segment.!7-18 This practice is often limited
because of anatomical constraints.8 Olive wires were utilized
in eight fractures to improve bending stiffness and prevent
translocation of the secured bone segment. In five fractures,
olive wires were used to achieve interfragmentary compres-
sion.!® More than two wires were used in four fractures.

Full- or half-pins were used as fixation elements attached
to ring components in 16 animals. Both a full-pin and wire
were used in one fracture. The attending surgeon made the
decision regarding whether wires or pins were used for ring
fixation elements, based on the weight of the animal, frac-
ture configuration, and size of bone segment requiring sta-
bilization. Fixation pins were typically used in larger dogs.
Weight range for dogs with humeral fractures was 5.0 to
54.0 kg (mean + SD 22.0+13.9 kg), and weight range for
dogs with femoral fractures was 24.0 to 43.0 kg (mean + SD
29.4+8.1 kg).

Both a full-pin and Kirschner wire were utilized as ring
fixation elements to secure the juxta-articular fracture seg-
ment in case no. 7. Mixing fixation elements of different
stiffness can potentiate implant loosening and is discour-
aged.”!7 The full-pin was placed through the humeral
condyle in this dog, but the supracondylar region was too
small to accommodate a second full- or half-pin. Although
a Kirschner wire was used to provide a second point of fix-
ation in the juxta-articular fracture segment secured by the
ring in this dog, implant complications did not develop.

In 24 of the 26 fractures described, incomplete rings
were used to stabilize the distal fracture segments, and lin-
ear components were used to stabilize the proximal fracture
segments. The open ends of the stretch rings were directed
caudally in all femoral fractures, allowing full range of
motion in the stifle. Rings were positioned with the open
portion of the ring directed cranially in nine of 14 humeral
fractures, allowing for full range of motion in the elbow. In

four humeral fractures, the rings were positioned with the
open portion positioned caudally, which simplified the
placement of secondary hybrid rods. Although full flexion
of the elbow was restricted by positioning the open portion
of the stretch ring caudally, ambulation was not impeded.
Two animals had proximal humeral metaphyseal fractures,
which were stabilized using one-third arches placed lateral-
ly and secured to linear components distally. The one-third
arch ring allowed placement of multiple divergent half-pins
to stabilize the proximal juxta-articular fracture segments.

An open surgical approach was used in the majority of
the fractures to facilitate fracture reduction, internal implant
placement, and bone graft placement. A limited open
approach was used in five fractures, and a closed approach
was used in three fractures. Intraoperative fluoroscopy was
utilized to ensure proper implant placement and fracture
reduction with all closed and limited open procedures and
all but three open procedures. Eight fractures had articular
components, and assessment of anatomical reconstruction
of the articular surface was facilitated by intraoperative flu-
oroscopy in seven of these animals. In six animals, oppos-
ing olive wires were used to provide primary or adjunctive
stabilization of the articular component of the fracture.

In all but three fractures, internal fixation was combined
with hybrid fixators. Six fractures were anatomically
reduced, and six fractures were partially reduced to achieve
load sharing of the fracture. Hybrid fixators were able to
provide buttress fixation to highly comminuted fractures,
and 14 fractures were stabilized without attempting anatom-
ical fracture reconstruction. Fourteen animals had fractures
with modified Winquest-Hansen scores of III or IV, with 10
of these animals having good or excellent outcomes.
However, the median time to union was 50 days longer for
fractures with higher comminution scores compared to
those with a score of 0, I, or II [Figure 3].

External fixation is advantageous for the treatment of open
or contaminated fractures for several reasons: reduction and
fixation can be applied with limited iatrogenic trauma; stabi-
lization can be achieved without placing permanent implants
at the fracture site; and the fixation elements can be removed
once the fracture has achieved union.2!:22 Hybrid fixators
were successfully used in four of five contaminated fractures.
Five cases were presented with open fractures as the result of
gunshot injuries; functional outcome was considered excel-
lent in three of these cases and good in one case. Follow-up
information was unavailable for the final case.

Similar to other reports describing the use of circular and
hybrid fixators for fracture management in dogs and cats,
pin and wire tract inflammation was the most common post-
operative complication affecting animals in this case
series.”9:15 In two previous case series describing the use of
circular fixators to stabilize antebrachial and crural fractures
in dogs and cats, the incidence rates of pin and/or wire tract
inflammation were 88% and 100%.78 Rings securing bone
segments with prominent adjacent muscle groups in loca-
tions such as the proximal radius or tibia were particularly
problematic.8 The linear components of a hybrid fixator
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Figure 3—Time to union (adjust-
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system allow the surgeon to place unilateral half-pins in
defined, safe corridors, thereby avoiding the placement of
fixation elements through large muscle groups.?:2324 The
humerus and femur are surrounded by large muscle groups,
yet only half of the animals in this case series developed pin
and/or wire tract inflammation. Half-pins were inserted
through specifically defined, safe corridors that limited
muscle impalement.2324 In 11 of the 13 animals, pin and/or
wire tract inflammation was minor and resolved with
improved pin and/or wire tract care and antibiotic adminis-
tration.37 Due to the retrospective nature of this study,
specifics were not consistently available regarding which
particular pin(s) and/or wires(s) were involved. Two dogs in
which hybrid fixators were utilized to revise previous
unsuccessful fracture repairs had major wire and/or pin
inflammation that did not respond to local and systemic
therapy.

Time to union and fixator removal ranged from 25 to 280
days (mean = SD 110+69 days), and it varied depending on
the age of the animal, fracture comminution score, and
whether a hybrid fixator was placed to revise a previously
failed repair. Although no statistical association was found
between age and time to union, 10 animals spent >110 days in
the fixator, and all were >3 years of age (range 3 to 11 years).
Fourteen animals spent <110 days in the fixator, and all were
<7 years of age (range 3 months to 7 years). Seven of these 14
animals were <1 year of age. Animals with highly comminut-
ed fractures (modified Winquest-Hansen scores of III and IV)
had significantly longer times to union than animals with less
complex fractures (modified Winquest-Hansen scores of 0, I,
and II). Prolonged time to union was also significantly associ-
ated with application of the hybrid fixator during revision of a
previous unsuccessful repair. Animals undergoing revision
surgery were five times more likely to have a nonunion than
animals that had a hybrid fixator applied to initially stabilize
the fracture. Although hybrid fixators were used successfully

to revise fractures in three animals that had previous repairs,
two of five animals having revision surgeries failed to achieve
union. Both of these dogs experienced major pin tract compli-
cation and had only fair functional outcomes.

The retrospective nature of this study prevented a stan-
dardization of procedures and examinations. Cases were
collected from three referral institutions; surgical proce-
dures were performed by surgeons with varying levels of
experience; frame configurations varied widely, depend-
ing on the fracture and the surgeon performing the proce-
dure; and direct, long-term follow-up evaluations were not
consistent. Furthermore, the majority of the follow-up
information was obtained via telephone interviews with
owners. While this is a subjective method of examination,
the success of the procedure is, ultimately, determined by
the owner’s perception of the pet’s limb function. Despite
these limitations, the overall positive results described in
this case series substantiate previous case studies that
demonstrate the versatility and effectiveness of the hybrid
system.

Conclusion

Hybrid fixators are useful constructs for stabilization of
humeral and femoral fractures, particularly fractures with
short, juxta-articular fracture segments. Hybrid constructs
proved effective for the management of open and/or highly
comminuted fractures, although fractures with modified
Winquest-Hansen comminution scores of III or IV can be
expected to take longer to heal. Hybrid fixators can be used
to revise previously failed surgeries; however, this case
series showed that revision surgeries were associated with
longer convalescence periods and poorer outcomes. While
pin and/or wire tract inflammation can be expected,
drainage can generally be controlled with oral administra-
tion of antimicrobials and vigilant cleaning of the pin/wire
skin interfaces.
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Footnotes

2 IMEX Hybrid ESF System; IMEX Veterinary, Inc., Longview, TX
75604

b SK ESF System; IMEX Veterinary, Inc., Longview, TX 75604

€ Cefazolin; Orchid Healthcare, Weston, FL 33326
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