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Introduction

Pelvic fractures are common in small animals constituting 16%
of all fractures in dogs and 25% of all fractures in cats.1

Although the cause of pelvic fractures is often not known,
road traffic accidents are considered themost common reason
in both species. Other high-energy traumatic incidents such as
crush injury or falling from a height account for some pelvic
injuries.2 Young animals are overrepresented and this may be
associated with roaming behavior.2,3 Anatomically the pelvis
may be thought of as a ‘box-like structure’with struts running
through its interior and supported by a large muscle mass.4

Because of this rigid structure, displacement of fragments is
not usually seen unless there are at least two or often three
fractures, which commonly occur in specific locations and
follow several predictable patterns.5 Fractures involving the
pubic symphysis are the exception and may result in
avulsion/fracture of the ischial tuberosity or iliac wing, or
non-displaced stress fractures.4 The nature of pelvic fractures
necessitates thorough evaluation oforgans and organ systems.
In a study of dogs involved in road traffic accidents, 71% had
injuries to multiple organs, including pulmonary, soft tissue,
spinalandurinary tract trauma, aswell ashaemoabdomenand
cardiac dysrhythmias.6 In particular, cranial or craniomedial
displacement of the iliac bone has been associated with

damage to the L6 and L7 nerve roots and injury to the
lumbosacral trunk. Thus, the timing for repair of pelvic frac-
tures depends largely on the degree of collateral injuries, and
surgery often has to be delayed until the animal is stabilized
and able to undergo general anaesthesia.7 In animalswith life-
threatening injuries, surgical repair may be delayed for up to 7
to10days after injury.4After this time,muscle contraction and
early fibrosis at the fracture site render adequate fracture
reduction difficult or impossible.4 The aim of this case report
was to introduce and evaluate the use of a skeletal traction
device for the delayed repair of pelvic fractures that would not
have been difficult to reduce using conventional techniques.

Case Report

Two dogs were referred for pelvic fractures; case 1 suffered a
road traffic accident, whereas in case 2, non-unions were
present as complications of previous bilateral double pelvic
osteotomy. Case 1 was a 9-year-old, mixed-breed dog weigh-
ing30 kgandcase2wasa6-month-old, BerneseMountaindog
weighing 35 kg. At the time of referral, the fractures had been
present for12days incase1and14days incase2.Theresultsof
physical and neurological examinations, haematological and
serum biochemical analyses, of thoracic and abdominal radi-
ography and ultrasonography were within normal limits.
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Abstract Two large-breed dogs underwent delayed surgical repair of pelvic fractureswith the aid of a
skeletal tractiondevice.Distractionand reduction in the fracturesusing the skeletal traction
device were monitored by direct visualization and intraoperative fluoroscopy. Postopera-
tive radiographs revealed good to near-anatomical bone reduction and fracture alignment
without narrowing of the pelvic canal. Both dogs had complete functional recoverywith no
evidence of neurological deficits. The use of a skeletal traction device should be considered
for reduction and fixation of delayed pelvic fractures.
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Ventrodorsal and lateral radiographic views of the pelvis were
obtained in both cases. Case 1 had bilateral fractures, which
included a long oblique fracture of the left wing of the ilium,
fracture of the pubis and transverse fracture of the right iliac
body. Case 2 had undergone bilateral double pelvic osteotomy
and had in addition a fracture of the right ischial table; the
complications were associatedwith implant failure due to the
use of undersized screws and also the fact that the screw
orientationwasperpendicular to theplateandnotdivergent to
resist the pull out.

Surgical Technique

The anaesthetic protocols were based on individual patient
requirements and included methadone (Semfortan, Dechra,
Italy) (0.3mg/kg, intramuscularly]) andmeloxicam (Metacam,
Boehringer Ingelheim, Italy) (0.2/mg/kg, intramuscularly) for
perioperative analgesia. Cefazoline (Teva, Italy) (22mg/kg,
intravenously) was administrated 30minutes preoperatively
and every 90minutes thereafter for a total of three doses
during the surgical procedure. General anaesthesia was in-
duced with propofol (Propovet, Zoetis, Italy) (2–4mg/kg,
intravenously) and maintained with 2% isoflurane (Piramal
Critical Care, West Drayton, UK) in oxygen. Intraoperative
analgesia was provided with methadone. Both dogs were
placed in lateral recumbency with the forelimbs secured to
the operating table. A hanging limb technique was used, and
the surgical site was aseptically prepared for surgery.

In case 1, the most displaced fragment was treated first
to facilitate reduction on the opposite site. Fluoroscopy was
used intraoperatively to guide and confirm reduction in
the fractures. The skeletal traction device, commercially
available (AdMaoira, Reggio Emilia, Italy: https://www.ad-
maiora.eu/en/), is L-shaped, and the long component has a
micrometric movement that allowed stand elongation. One

end of the stand was secured to the operating table rail with
clamps. The short component consisted of a stainless-steel
tube for attachment of the tie-band (►Fig. 1). A small stab
incision was made over the ischial tuberosity on both sides,
and a 3mm Steinman pin (Alcyon Srl, Cherasco, Italy) was
carefully introduced on each side perpendicular to the long
axis of the pelvis while avoiding the nerves and vascular
supply of the region. The pins were inserted to a distance of
�2 cm from the caudal edge of the ischial tuberosity to avoid
possible fracture at this site, which was considered the
anchorage point (►Fig. 2). A sterilized tie-band was looped
at the base of each of the pin–skin interfaces to evaluate the
feasibility of traction and to apply equal traction on both
sides of the pelvis (►Fig. 3C). The forelimbs were secured to
the edge of the operating table in a cranial direction to
counteract the traction forces and to avoid translation; injury
to the patient was avoided as described for long bone
traction, paying attention that during the traction the pins
donot bend andcreate soft tissuedamage.8,9This attachment
was considered the opposition point. After a second aseptic
preparation of the surgical field, a standard lateral approach
to the iliac bodywasdone. The load required fordistraction of
the fractured segment was applied by an operating room
assistant who increased the load at the surgeon’s request
with 5-minute rest intervals between each load increase
until visual and palpable reduction was evident and con-
firmedbyfluoroscopy (►Fig. 3D). Distraction force to the two
bilateral Steinmannpinswas applied simultaneously to avoid
translation of the opposite side and deformation of pelvic
conformation. Load application for reductionwas performed
by turning the handle on the traction device in a clockwise
direction, increasing the length of the long component of the
L-shaped stand. During the procedure, contamination of the
surgical field was prevented because the caudal end of the
device and the assistant were outside the surgical field and

Fig. 1 The L-shaped skeletal traction device mounted on the operating table (A, B). The device has a long (�) and a short component (#) and a
clamp (^) for attaching the device to the table.
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the portion of the device closest to the surgical field was
covered by the surgical drapes. Once the fracture on the right
side had been reduced, a 3.5-mm locking bone plate (Fixin,
InTrauma, Rivoli, Italy) was applied; after wound closure, the

procedure was repeated on the left side after re-positioning
the dog in right lateral recumbency. Postoperative radio-
graphs were obtained to score alignment and apposition as
anatomical, near-anatomical, good, fair or poor10 and

Fig. 2 Bone model showing the position of the Steinmann pin, on the ischiatic tuberosity, in lateral, ventral and dorsal views (A–C). The
connection between the pin and the skeletal traction device is also shown (D–F).
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confirmed proper implant positioning (►Fig. 3E, F), also the
alignment of the bone segment was considered good to near-
anatomical without evidence of pelvic canal narrowing.

In case 2, a staged surgery, 2 days apart, was performed to
minimize surgical time and the risk of infection. For the first
intervention, the patient was placed in left lateral recum-
bency to reduce and repair the iliac body fracture on the
right. All surgical steps involving placement of the 3-mm
Steinman pins (Alcyon Srl) were done using the technique
described in case 1. After removal of the double pelvic
osteotomy plate and screws, traction was applied until
reduction was confirmed visually and by means of palpation
and fluoroscopic examination. The fracture was stabilized
with two 3.5-mm locking plates (Fixin) placed parallel to one
another. Postoperative radiographs showed proper implant
placement and near-anatomical bone alignment (►Fig. 4E,

F). The iliac body fracture on the left sidewas repaired 2 days
later using the same surgical technique, with postoperative
radiographs revealing good alignment and no narrowing of
the pelvic canal. Both dogs had methadone and meloxicam
for 48 hours postoperatively and received tramadol ( For-
mevet, Italy), gabapentin (Pfizer, Italy) andmeloxicam orally
for 14 days after the discharge.

Discussion

Fractures of the pelvis occur most commonly in the ilium,11

and sacroiliac fracture/luxation is a significant source of pain

and instability and the most common pelvic injury associated
with neurological deficits.12 In human as well as in veterinary
surgery, pelvic fractures require adequate reduction and sta-
bilization to control pain and to reduce blood loss.7,13,14 Pelvic
fractures can pose two potential problems requiring surgical
intervention: significant narrowing of the pelvic canal by the
caudal fragment, sometimes with compromise of the urinary
bladder and large intestines; and trauma to the lumbosacral
nerve trunk, which branches into the sciatic nerve just medial
to the midbody of the ilium.15 Early aggressive fracture
management using a combination of internal and external
fixation techniques has become the gold standard in human
medicine. Although attempts to provide fracture fixation
within 24 hours of injury is a first-line approach, particularly
for femur fractures, this strategy has been questioned for
pelvic fractures, which are often accompanied by multiple
injuries.16,17 It currently appears that, in humanmedicine, the
safest window for internal fixation is 6 days to 2 weeks after
injurywhen thesystemic inflammatory responsehassubsided
and before callus formation limits reduction.18 Traction tables
are commonly used in human trauma patients and standard-
ized reproducible techniques are routinely used for fracture
reduction. These techniques include proper patient position-
ing, specific instrumentation andapplication of intraoperative
skeletal traction. The rationale behind the use of a skeletal
tractiondevice is to counteractmuscle contraction to facilitate
reduction in the bone fragments and regain normal limb
length. The entire application and reduction in the described

Fig. 3 Ventrodorsal and lateral radiographic views of the pelvis in case 1 showing a long oblique fracture of the left ilial wing, fracture of the pubis and
transverse fracture of the right iliac body with fracture of the right ischiatic table (A, B). Preoperative bilateral Steinmann pin placement in the ischial
tuberosities and their connection to the skeletal traction device (C). Perioperativefluoroscopic imageused to estimate thedegree ofdistraction of the pelvis
(D). Postoperative radiographic view showing proper implant positioning with no narrowing of the pelvic canal (E, F).
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fractures using a skeletal traction device are based on the
ligamentotaxis technique with the goal of using tension for
alignment of bone fragments. This technique could possibly
be used to facilitate specific minimally invasive surgical pro-
cedures. We found that the use of a skeletal traction device
intraoperatively greatly facilitated reduction in the bone frag-
mentsbeforeapplicationofaplate. Toourknowledge, thereare
no studies on the use of a skeletal traction device for the
treatment of pelvic fractures in veterinary medicine. Rovesti
et al reported excellent results after using a skeletal traction
device for long bone fracture reduction and repositioning of
misaligned bone fragments associated with the fracture pat-
tern or bone segment traction in dogs.8 In the present study,
reduction and realignment of the bone fragments were
achieved through coordination by both, the primary surgeon
working intraoperatively to manipulating the bone fragments
and the assistant moving the short segment of the traction
device. Complications such as impairment of vascular and
nerve integrity attributable to excessive traction were not
encountered. In human medicine, neurological damage asso-
ciated with application of skeletal traction has been reported
in patients with no neurological signs before traction.19How-
ever, the interval between the initial injury and surgical
intervention appeared to impact on the duration and force
of traction needed to realign thebone fragments. Although the
application of anchorage and opposition point appears to
be straightforward, slippage of those points could potentially
result in tissue trauma. Moreover, if the procedure requires
prolonged traction, it may be advisable to temporarily use

boneclamps tomaintain reduction therebyallowing reduction
in the load exerted by the skeletal traction device and preser-
vationof tissueperfusion. Once reductionand stabilizationare
achieved with bone plates, the traction load may be modified
by the surgeon. We suppose that young patients with delayed
fracture repairmay requiremore force during skeletal traction
because of rapid callus formation at the fracture site. Prepara-
tion and installation of the traction systemmay appear time-
consuming, but the reduction in surgical time during
bone apposition and osteosynthesis was comparable to the
timeneeded for a conventional surgical procedure time of�60
to 90minutes. In human medicine, a dual pelvic sling used to
treat pelvic fractures provided effective suspension, traction
and compression when applied to the iliac crest and trochan-
teric regions. The force of traction can be varied by adjusting
the degree of lateral displacement of each sling, the direction
of pull and the pulley-weight arrangement.20 However, this
type of skeletal traction depends on the nature of the fracture-
dislocation and the degree and direction of displacement
determined on anteroposterior, inlet and tangential radio-
graphic views.21 Inour cases, the only parameter of substantial
importance was the presence of an intact ischial tuberosity
connected to the iliac body, which provided the anchorage
point for pin insertion and traction. The indications for using a
skeletal tractiondevice inourcasesdiffered fromthose cited in
a previous study8; we used the device to overcome muscle
contraction, which resulted from the delayed nature of the
fracture repair, to facilitate open reduction and internal fixa-
tion. Our findings emphasize that longer standing pelvic

Fig. 4 Ventrodorsal and lateral radiographic views of the pelvis in case 2 showing implant failure on the right side, with plate pull-out and failure
of the plate screws on the left side (A, B). Preoperative placement of a Steinmann pin and its connection to the skeletal traction device (C, D).
Postoperative radiographic view of successful reduction and fixation of the left and right iliac body fracture using locking plates (E, F).
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fractures in dogs constitute complex injuries that are often
difficult to manage surgically. The limitations of this study are
on onehand inherent to a two-case report and on the other, to
the relative lackofexperienceof the authorswith regard to the
forces required for skeletal traction. Evaluations areongoingby
the authors to better estimate the traction force, times and
intervals necessary to reduce and align segments in various
pelvic fracture patterns, as well as overall surgery times. In
conclusion, this report shows that using a skeletal traction
device greatly facilitated reduction and stabilization of longer
standing pelvic fractures in two dogs.
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