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KEY POINTS

� Anatomic fracture reduction is not typically achieved with minimally invasive fracture
repair in small animals.

� Indirect fracture reduction is used with minimally invasive plate osteosynthesis to restore
limb’s length and alignment.

� Indirect fracture reduction preserves soft tissue attachment to fracture fragments,
speeding healing and reducing complications.

� Many techniques are available to facilitate fracture reduction, including intramedullary
pinning, hanging the limb, manual traction, distraction table, external fixators, and a frac-
ture distractor.
INTRODUCTION

Minimally invasive plate osteosynthesis (MIPO) in small animals involves the applica-
tion of a bone plate, typically in a bridging fashion, without performing a surgical
approach to expose the fracture site.1

Treatment of a diaphyseal fracture with MIPO does not usually require the anatomic
reduction of the fracture. Functional reduction is the goal; it restores bone length and
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correct alignment in the frontal, sagittal, and axial planes. Indirect reduction is used to
obtain functional fracture reduction without opening the fracture site. This method
allows the fracture fragments to remain connected to the adjacent soft tissues. This
is the key to improve bone healing, because viable bone rapidly unites by callus
formation.2

Indirect reduction is the “blind” repositioning of bone fragments using some form of
distraction and translation. This method relies on aligning fragments and restoring
bone length by distracting the bone ends instead of manipulating the fracture site. It
is achieved using a remote instrument so there is no disturbance of the soft tissues
around the fracture site. Indirect reduction may require exposure to apply the reduc-
tion devices, but not for visualization of the fracture site.
The general principle involved in indirect reduction is the use of the soft tissue

envelope to help stabilize and reduce the fracture fragments indirectly. This goal
can be achieved through forces applied either on the adjacent bone segments or on
the epiphyseal or metaphyseal regions of the fractured bone. The former is commonly
referred to as ligamentotaxis.3 Traction table and limb hanging techniques are prime
examples. In the latter, the tension on the soft tissues surrounding the fracture site
guides the fragments into alignment as the bone ends are distracted. Intramedullary
(IM) pinning, temporary application of a linear or circular external skeletal fixator,
bone-holding forceps, bone distractor, or the plate itself are examples of this. These
techniques can be used as a sole method of reduction or in any combination.
Fracture reduction can be accomplished completely closed or with the help of small

incisions (portals). Proximal and distal incisions are needed to insert the plate and
screws when using the MIPO technique. A small third portal (observation portal) can
be used to view the fracture zone to facilitate placement of an IM pin (discussed else-
where in this article). It should be emphasized that manipulation of the fracture
fragments should be avoided when using an observation portal. If fracture reduction
is unsuccessful using the following techniques, the surgeon should consider using a
technique described by Hulse as “open but don’t touch.”4 A long incision is made
over the length on the bone, but the fracture fragments are not manipulated. This
more generous approach allows an improved view of the fracture, facilitating indirect
reduction of the fracture.
SKELETAL TRACTION TABLE

Traction tables are commonly used for human trauma patients and standardized
reproducible techniques are routinely used for fracture reduction. These techniques
include proper patient positioning, specific instrumentation, and application of intrao-
perative skeletal traction (IST).5,6 The rationale behind fracture reduction by IST is
counteracting the muscle contraction and regaining the original limb length. In this
way, the bone segments are not overlapped and easily fit each other. When fragmen-
tation is present, the fragments are pulled back in the area they came from by their
muscular attachments, which exert a centripetal force. This philosophy of reduction,
called ligamentotaxis, has the main objective of achieving fracture reduction by a mini-
mally invasive or closed approach.
Recently, a skeletal traction table (Ergomed 99, Ad Maiora, Cavriago, Italy) was spe-

cifically designed for veterinary traumatology.7 This table allows IST to be consistently
applied in small animals with safe application of opposition and anchorage points.8

The opposition points are defined as the points on the body where stabilization can
be applied to counteract the traction forces and avoid translation, without injuring the
patient. Anchorage points are defined as the points where traction can be applied
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distal to the fractured skeletal segment, without damaging the bone or the soft tissues
(Fig. 1).

Indications

The veterinary traction table has been used to apply IST and reduce different fracture
patterns of the appendicular skeleton.7 It is mandatory to thoroughly follow the sug-
gested steps in applying the technique. It is a powerful technique that can be poten-
tially dangerous if applied incorrectly.

Application of Intraoperative Skeletal Traction with a Traction Table

The anchorage devices used for application of traction are represented by anchorage
belts for the antebrachium and tibia and a traction stirrup attached to a transcondylar
Kirschner wire (K-wire) in the humerus and femur. The belts are coupled to evenly
distribute the traction forces to both sides of the limb and then applied in the meta-
carpal or metatarsal area. The traction stirrup is used in conjunction with a transoss-
eous K-wire through the condylar region of the humerus or the femur, in a position that
is compatible with the site of fracture and the proposed osteosynthesis technique. The
wire ends are connected to the stirrup arms by means of bolts. Once secured, the wire
is tensioned by the stirrup lever mechanism. This tensioning avoids wire bending and
prevents soft tissues from being cut by the bent wire.
Traction is exerted by means of a micrometric traction bar that can be lengthened

by up to 20 cm. The traction bar has an L shape: the long component has a micromet-
ric movement that allows bar elongation. One end of the bar is attached to the table
rails with a clamp. The short component has 3 pins that allow connection to either
of the belts or the stirrup.
Traction is applied progressively and incrementally increased at a rate of about 50 N

every 2 minutes. More traction is applied as needed to maintain the scheduled force.
The amount of load applied is related to patient body weight, muscular strength, and
Fig. 1. Skeletal traction table and patient positioning for the craniomedial approach to the
antebrachium in a cadaver. The dog’s body is held in position by 2 nylon belts crossed over
the sternum (red arrow). (A) Traction is applied via coupled belts connected to the traction
bar, (B) or by means of a tensioned K-wire inserted in the distal radius and connected to an
arch. (C) Intraoperative radiograph with the K-wire parallel to the carpal joint.
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time between trauma and surgery, but especially to the quality of fracture alignment
obtained. The fracture distraction and alignment achieved can be judged by palpation
of the fractured site and or with intraoperative imaging.
During the application of traction, the maximal traction load is measured using a

dynamometer. For safety reasons, the maximum load applied to each limb is never
allowed to exceed 250 N. If the reduction is not achieved with this amount of load,
some kind of interference should be suspected. A reduced approach to the fracture
area can be considered to help in the reduction process by local direct manipulation.
The duration of traction should be recorded. A shorter traction time reduces the poten-
tial damage to tissues subjected to traction.
The positioning for the traction of each bone segment is as follows.

Patient Positioning

Antebrachium
The animal is positioned in lateral recumbency with the affected limb lowermost and
the contralateral forelimb maintained against the thoracic wall with the shoulder
flexed. The neck is extended. The limb that is to be subjected to traction is positioned
with the midshaft of the humerus at the edge of the table. The traction bar is attached
to the table caudal to the forelimb, with the short component oriented cranially so that
traction can be exerted with the craniomedial region of the radius remaining
completely unobstructed.

Opposition points
Two belts are crossed over the sternum. A dorsal stabilizer is used on the dorsal area
of the neck. The belt crossing the upper side surface of the neck region is passed over
the stabilizer so that excessive pressure on the base of the neck by this belt is avoided.

Anchorage points
For this traction technique, traction belts applied to the carpometacarpal region of the
forelimb are usually used. A transosseous K-wire can also be inserted through the
distal epiphyseal region of the radius or through the metacarpal bones for anchorage
in the case of older, displaced, or overriding fractures.

Humerus
Lateral plate application The animal is positioned in lateral recumbency with the
affected limb uppermost. The contralateral forelimb is flexed at the elbow and secured
with the carpus under the animal’s muzzle. The traction bar is placed caudal to the
forelimb with the short component oriented caudally to exert axial traction on the
humerus.

Opposition points A single belt is passed circumferentially around the thorax in the
region caudal to the axilla. Sometimes the application of a second K-wire and traction
stirrup to the proximal metaphysis of the humerus is required. This approach is adop-
ted because humeral traction applied with a single distal stirrup causes significant
distal translation of the scapula without obtaining satisfactory alignment of the fracture
segments.

Anchorage points For this technique, the traction stirrup is used. A K-wire is inserted
with lateromedial direction across the condylar region or, instead, across the proximal
ulna just following the humeral axis. Traction exerted with the belt applied to the car-
pometacarpal region can damage the distal structures before exerting a useful traction
on the humerus because the musculature surrounding the humerus is usually very
strong.
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Medial and caudomedial plate application
The patient is positioned similar to that used for the antebrachium. The body of the
patient is slightly tilted by interposition of sand bags between the thorax and the table.
In all other respects, traction bar position and opposition points are the same as for the
antebrachium (Fig. 2).

Anchorage points These are the same as described for the humeral lateral approach.

Tibia
Medial plate application: Lateral recumbency The animal is positioned in lateral
recumbency with the affected limb lowermost and the contralateral hindlimb secured
caudally with the stifle flexed and the hip extended. The limb that is to be subjected to
traction is positioned with the midpoint of the femoral diaphysis overlying the border of
the table. The traction bar is positioned caudal to the limb, with the shorter component
of the bar oriented cranially, to keep the craniomedial aspect of the tibia completely
unobstructed.

Medial plate application: dorsal recumbency This positioning is very useful because it
allows a better assessment of the limb alignment on the frontal plane. The animal is
positioned in dorsal recumbency. The limb being subjected to traction is extended
caudally, with a support placed in the popliteal region. The contralateral hindlimb is
positioned in abduction with the joints flexed and secured such that the calcaneus
Fig. 2. (A) Preoperative radiographs of a comminuted humeral fracture. (B) Patient posi-
tioning in dorsal recumbency and C-arm position for intraoperative imaging. (C) IM pin:
insertion into the cranioproximal aspect of the humerus, directed distally and medially.
(D) Adjust the direction of IM pin with the fluoroscopic images. (E) Immediate postoperative
radiographs after plate stabilization on the lateral side. (Courtesy of A. Pozzi, DVM, MS,
DACVS, DECVS, DACVSMR, Zurich, Switzerland.)
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is as close as possible to the ischiatic tuberosity. The traction bar is connected to the
end of the table. Usually, a dorsal positioner is put underneath the thoracic region to
maintain this position during traction.

Opposition points For the craniomedial approach to the tibia, 2 nylon bands are
applied. One belt is passed over the uppermost ilium, across the inguinal region,
and under the scrotum of male animals, and then secured to the table caudodorsally.
It is useful to add a protective polyurethane cushion to this belt to prevent any harm to
the patient. The second belt is passed circumferentially around the caudal region of
the abdomen and both ends are secured to the table dorsally.
For the craniomedial approach with dorsal recumbency, the oppositional forces are

applied to the caudal part of the thigh by means of a limb rest placed in the popliteal
region.

Anchorage points A traction belt applied to the tarsometatarsal region of the limb for
traction to evenly distribute the forces along the longitudinal axis of the tibia. The trac-
tion stirrup can be anchored to a transosseous K-wire inserted in the distal epiphysis
of the tibia (Fig. 3) or to the metatarsal bones in cases of distal, overriding fractures.

Femur
The animal is positioned in lateral recumbency with the limb being subjected to trac-
tion uppermost. The contralateral limb is secured to the table caudally with the stifle
flexed and the calcaneus positioned close to the ischiatic tuberosity. The traction
bar is attached to the table cranial to the limb, with the shorter component oriented
caudally to exert the traction along the longitudinal axis of the femur. A limb rest is
used to support the tarsus to maintain the limb in a horizontal plane.

Opposition points A stabilization belt is passed across the abdomen caudally, just
under the iliac wing, then across the inguinal region and under the scrotum of male an-
imals. It is useful to add a protective polyurethane cushion to this belt to prevent any
harm to the patient. The belt is secured caudodorsally to table. A second belt is
passed around the caudal region of the abdomen and both ends of this belt are
secured to the table dorsally.

Anchorage points For this traction technique, the traction stirrup anchored to a trans-
condylar K-wire placed at distal end of the femur is used, because of the strength of
the thigh muscles.
Fig. 3. (A) Preoperative radiographs of a comminuted tibial fracture. (B) IST. (C) Intraoper-
ative fluoroscopy images showing the indirect reduction of the fracture and plate
temporary fixation. (D) Plate insertion in a MIPO fashion. (E) Immediate postoperative
radiographs.
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Procedure technique Traction modalities vary in each case, mostly based on fracture
location. Usually, the animals affected by radius–ulna and tibia closed fractures are
positioned on the traction table and traction is applied before the limb is scrubbed.
Once the fracture segments are realigned, the fracture reduction is confirmed by dig-
ital palpation, radiology, fluoroscopy, or a combination of these techniques. In this
setting, the reduction procedure is performed without scrubbing of the limb. Once
the fracture is satisfactorily realigned, the limb is maintained in traction, scrubbed,
and prepared for surgery as usual. With this traction modality, the traction devices
are nonsterile and are not included in the surgical field.
For open fracture stabilization, the limb is prepared for surgery, as usual, and trac-

tion is applied in a sterile surgical field.
For fractures of the humerus and femur, the limb is first scrubbed and prepared for

surgery as usual. After performing the surgical approaches, the transcondylar K-wire
is inserted and the sterile traction stirrup is applied and then connected to the micro-
metric traction bar with a small sterile chain. The end of this chain connected to the
stirrup is kept sterile, and the end connected to the dynamometer and distraction
bar becomes contaminated. An unscrubbed operating room assistant, who sets the
load on the surgeon’s request, applies the load required to distract the fracture
segments. Contamination of the surgical field is avoided, because the assistant can
set the traction bar from its top, far from the surgical field, while the portion of the trac-
tion bar close to the surgical field remains covered by sterile towels.

Correction of malalignment
Correction of intraoperative angular malalignment of fractures is performed entirely by
the unscrubbed assistant who moves the traction bar under the direction of the
surgeon, as described elsewhere in this article.6 Correction of varus or valgus mala-
lignment is achieved by rotating the short portion of the traction bar in a clockwise
or counterclockwise direction, after temporarily loosening the lock of the clamp hold-
ing this bar. In this way, the tip of the bar is moved higher or lower than the starting
point. For example, elevation of the tip of the bar results in correction of a valgus mala-
lignment of the tibia with the animal in lateral recumbency and the operated limb in the
lowermost position. However, the direction of the correction in relation to the animal’s
position should be evaluated. For example, when the animal is in dorsal recumbency,
the correction of valgus or varus deformity is performed by loosening the clamp and
sliding the entire traction bar along the lateral rail of the table, either in a medial or
lateral direction.
To correct procurvatum or recurvatum malalignment, for all the positions but for the

tibia with the animal in dorsal recumbency, the clamp is loosened and the entire trac-
tion bar is pushed horizontally along the lateral rail of the table. The clamp and the con-
nected traction bar are pushed toward the cranial part of the animal for the correction
of procurvatum and toward the caudal part for the correction of recurvatum. For the
approach to the tibia with the animal in dorsal recumbency, the upward or downward
rotation of the shorter part of the traction bar is used for the correction of procurvatum
and recurvatum malalignment, respectively.

Potential Complications

This system of skeletal traction for fracture reduction has some elasticity that is
inherent to the animal’s tissues and the anchoring and opposition belts, which renders
the process nonlinear during the initial stages. Although the application of opposition
and anchorage belts is relatively simple, slippage of these belts may also contribute to
this problem7 or result in local tissue injury. In contrast, traction applied with a traction
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stirrup results in negligible elastic drop and does not cause any compressive soft tis-
sue injury. It is important to use the opposition points that were developed from the
cadaver study7 and to monitor the duration and magnitude of the loading force to
avoid any tissue damage.
Excessive traction also potentially results in compromise of the nervous and

vascular systems. In circumstances in which an elevated load must be applied, it
may be prudent to minimize its duration to decrease the likelihood of complications.
When the procedure cannot be completed in a sufficiently brief period, it is prefer-
able to consider temporary stabilization of the fracture (ie, long oblique fracture)
with either a point reduction forceps or a K-wire applied percutaneously, releasing
the traction to allow tissues to be better perfused, and then resuming traction after
a short period.
Proper patient positioning and the use of skeletal traction are easily learned tech-

niques that can rapidly become standard procedure. Although the time required for
setting up the table, positioning the patient, and performing traction is somewhat
lengthy, this time is regained during the osteosynthesis phase. In fact, plate applica-
tion in an MIPO fashion is greatly simplified once the desired reduction is achieved
because the osseous segments are steadily maintained in correct alignment for the
necessary amount of time.
However, the technique may be potentially dangerous and, therefore, should be

applied cautiously to avoid iatrogenic trauma. It is imperative that the application of
opposition and anchorage points is correct, and prolonged and unnecessary loading
is avoided.

HANGING LIMB

Suspending the limb from an infrastructure or from the ceiling orients the limb in a ver-
tical position. By lowering the surgical table, the animal’s own weight distracts the
fracture and helps to align the joint surfaces.9,10 Intraoperative imaging is greatly facil-
itated because both the frontal and sagittal planes are unobstructed and the C-arm or
portable radiograph machine can be freely moved around the patient.

Indications

This technique is mostly indicated for comminuted fractures of the antebrachium and
tibia when used alone. The subsequent application of a temporary circular or linear
external fixator can greatly improve the stability of the fracture reduction.

Procedure Technique

The animal is positioned for surgery in dorsal recumbency, with the affected limb sus-
pended and draped. The anchorage point should be exactly over the limb to exert a
linear traction along the long axis of the fractured bone (Fig. 4). The use of a sterile
snap-hook system allows the surgeon to disconnect the limb from the anchorage
point to evaluate joints’ flexion and plane of motion after temporary plate application.9

Potential Complications

The weight of the animal restricts the achievement of the fracture reduction. This tech-
nique does not provide control over the horizontal plane. It is, therefore, important to
verify rotational alignment after temporary fixation by disconnecting the limb from the
suspending hook and flexing and extending the adjacent joints. In tibial fractures, trac-
tion applied to the pes frequently results in a caudal translation of the distal fragment.
This phenomenon must be taken into account before plate positioning.



Fig. 4. (A) Hanging limb technique for tibial fracture treatment: patient positioning. (B) A
sterile snap-hook system is secured to the paw. (C) The paw and the pulley system are wrap-
ped with sterile self-adherent tape. (D) Allowing the surgeon to disconnect the leg during
the procedure.

Minimally Invasive Fracture Reduction 31
INTRAMEDULLARY PINNING

An IM pin used as a distraction device is an effective method to overcome muscle
resistance and gradually restoring length and axial alignment of a fractured bone9

The IM pin placed near the neutral axis of the bone is very resistant to bending forces
and, therefore, capable of maintaining axial alignment.11 Advantages in using an IM
pin for indirect reduction in MIPO include the following.

1. An additional surgical approach is usually not required for normograde pin
insertion.

2. Pin progression in the distal fragment allows fracture distraction by overcoming the
muscles contraction.

3. The bone surface is free for further plate application.
4. Plate application is easier owing to partial stabilization and alignment of the

fracture.
5. Proper limb alignment can be confirmed by observing joint orientation during

flexion and extension of the proximal and distal joints.
Indications

All long bone fractures can be treated with indirect reduction achieved by means of an
IM pin; however, in the case of a radius fracture, the IM pin is to be inserted in the ulna.
Long oblique and comminuted fractures with a large fracture gap are suitable for IM
pin reduction. Pin progression in the distal bone segment is especially simple in the
case of comminuted fractures, because usually there is no overriding of the main
segments.
If the fracture pattern is characterized by a small proximal or distal segment, it will be

more challenging to obtain and temporarily maintain a correct axial alignment. This is
due to the small bone stock and consequent inadequate pin–bone purchase.
Short oblique or transverse fractures are more demanding. Muscle contraction pro-

duces large fracture dislocation and segment overriding is always present. Gradual
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and progressive traction has to be applied over a period of time to overcome muscle
contraction and achieve fracture alignment. Elevating and distracting the fractured
bone ends using bone-holding forceps through the surgical approaches reduces
segment overriding and allows pin progression in the distal fragment.9

Smooth pins with tips at 1 or both ends are used, and their size normally ranges from
1.2 to 4.0 mm in diameter. Correct pin selection is related to bone diameter and deter-
mined from preoperative radiographs during surgical planning. The diameter of the
pins used should be approximately 30% to 50% of the diameter of the bone’s medul-
lary cavity.4

Procedure Technique

Surgical proximal and distal approaches, as described for MIPO application in dogs,
are to be performed before IM pin insertion.1,12 The proximal intact bone segment is
secured with a bone-holding forceps and the pin is advanced distally. If the pin is prop-
erly aligned, it progresses easily in the medullary cavity. In the case of difficult progres-
sion, the pin is likely penetrating the cortex and should be redirected. The pin tip is cut
and the pin passed carefully through the fragmented area of the bone.
To cut the distal tip of the pin 2 options are available:

1. Withdraw the inserted pin, cut the tip, and reinsert it with the same direction. or
2. Proceed with pin insertion until the tip emerges from the distal approach, then cut

the tip.

The pin can be advanced by drill, pushed through using the drill with the motor
stopped10 or by hand using a mallet or Jacob’s chuck.
Without the pointed tip, the distal part of the IM pin leans against the metaphyseal

bone of the distal segment, distracting the fracture gap while restoring bone length
and aligning the main bone segments.4,13

Long pins left out from the entrance point help in the intraoperative evaluation of pin
direction. A second pin with the same length can be used to evaluate IM pin depth in
the distal segment’s medullary canal.
Holding the distal segment with point-reduction forceps percutaneously, or with

bone-holding forceps applied through the distal approach, helps in maintaining the
correct axial alignment during pin progression. To achieve adequate stability, the
pin must be seated in the cancellous bone of the distal metaphyseal region.
Once in place, the IM pin assists in maintaining the axial alignment of the bone in

both frontal and sagittal planes. However, because it does not effectively counteract
torsional forces, it is important to check torsional alignment before plate application,
especially in comminuted fractures.
Proper pin positioning and bone alignment can be assessed clinically, but thorough

intraoperative diagnostic imaging is recommended, especially in proximal bone seg-
ments. Once correct pin placement is confirmed, the IM pin can be left in place to
function as a plate-rod construct or removed when the plate has been sufficiently
secured to the major bone segments.4,12 If the pin is left in place, the proximal portion
could be cut close to its exit from the bone. More commonly, if the diameter of the pin
allows it, the pin is bent at its exit from the proximal segment and cut to allow its
removal following fracture healing.

Humerus
Lateral approach The lateral approach is mainly used in proximal and middle-third
fractures. The patient is positioned in lateral recumbency with the affected limb upper-
most. The proximal approach is performed on the craniolateral aspect of the greater
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tubercle. The curvature of the bone and the level of the shaft fracture determine the
point for insertion of the pin on the cranial crest of the greater tubercle. A point-
reduction forceps can be used to hold the proximal segment during pin insertion.
The IM pin is driven from the proximal segment by entering the bone on the lateral

slope of the ridge of the greater tubercle near its base.10,11 Initial drilling is done with
the pin held perpendicular to the bone surface. After tip penetration of the outer cortex,
the pin is redirected distally into the medullary canal to shift parallel to the caudome-
dial cortex. The pin must be seated just proximal to the supratrochlear foramen.10

Medial approach This approach is mainly used in mid-diaphyseal and distal third frac-
tures. The patient is positioned in lateral recumbency with the affected limb lowermost
and the contralateral retracted caudally. The distal approach is performed along the
caudal cortex of the medial epicondyle and soft tissue dissection is performed, being
mindful of the ulnar nerve, which should be identified and retracted cranially. Bone-
holding forceps can be used to secure the distal fragment during pin insertion. The
IM pin enters the bone just distally to the square corner of the medial portion of the
condyle, directed parallel to its caudal cortex. Proper pin size must be determined
on preoperative radiographs so that it can pass along the medullary canal of the
medial epicondyle. The pin progresses through the fracture site and advances proxi-
mally along the cranial cortex of the proximal segment.14

Femur
The patient is positioned in lateral recumbency with the affected limb uppermost.
Once the proximal approach has been performed, the pin is inserted through the sub-
cutaneous fat and the gluteal muscles until the top of the great trochanter is felt with
the tip of the pin. During pin insertion, the proximal femur is held with a bone-holding
forceps at the angle and rotation of the normal standing position.10 Maintaining the
same axis as the femur, the pin is gently moved medially off the trochanter into the
trochanteric fossa, where it will center itself with some pressure. To avoid slippage,
the tip of the pin is first seated into the metaphyseal bone of the trochanteric fossa
in a cranial direction. Once penetration begins, the pin is aligned with the long axis
of the proximal femoral segment.

Tibia
The patient is positioned in dorsal recumbency with the stifle flexed at a right angle.
The proximal approach is performed on the medial aspect of the proximal tibia over
the medial collateral ligament and slightly extended proximally to the medial aspect
of the stifle joint (Fig. 5). The pin is then inserted along the medial border of the patellar
ligament, entering the proximal end of the tibia between the cranial surface of the tibial
tuberosity and the medial condyle of the tibia.10

Radius and ulna
Fractures affecting the antebrachium can be reduced both with retrograde and nor-
mograde IM pinning of the ulna. The size of the pin should be as large as it can fit in
the distal medullary canal of the ulna. The patient is positioned in dorsal recumbency,
allowing an easy approach to the radius by extending the elbow and to the ulna by
flexing the elbow joint. With minimal soft tissue dissection, the deep flexor muscles
on the caudal aspect of the ulna are elevated to expose the fractured ends of the
ulna. The pin is retrograde inserted in the proximal segment to exit at the olecranon.
The ulnar fracture is reduced and the pin normograde driven across the fracture site
and ideally seated in the distal metaphysis of the ulna.15 Normograde pin insertion



Fig. 5. (A) Preoperative radiographs of a mildly comminuted proximal tibia and fibula
fracture. (B) Normograde IM pinning of the tibia. (C) Intraoperative fluoroscopy images
showing the indirect reduction of the fracture. (D) Plate insertion through the medial prox-
imal and distal incisions using a MIPO technique. (E) Immediate postoperative radiographs.
(Courtesy of A. Pozzi, DVM, MS, DACVS, DECVS, DACVSMR, Zurich, Switzerland.)
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is also possible, but more challenging (Fig. 6) owing to physiologic procurvatum and
the decreasing diameter of the medullary canal.

Potential Complications

If a plate and rod technique is selected to treat the fracture, the IM pin can interfere
with bicortical screw insertion, especially in the diaphyseal region. Joint penetration
could be possible during pin progression in the distal segment, but is unlikely to occur
once the tip has been severed. When a plate and rod construct is applied, pin migra-
tion can occur during the postoperative period and pin removal is, therefore,
recommended.4

LINEAR EXTERNAL FIXATION

Full or half pin frames allow correction of angular deformity and maintenance of bone
length. This technique requires shorter setup times, provides complete access to the
bone, and allows complete manipulation of the limb, thereby facilitating plate applica-
tion while avoiding the use of excessive traction because the reduction force is applied
solely to the bone and not across the proximal and distal joints.

Indications

Linear external fixation is indicated in fractures of the antebrachium and tibia, because
of the relative paucity of soft tissues surrounding them. Similar techniques on the
humerus and femur are not recommended because of the large muscle bellies.
Fig. 6. (A) Preoperative radiographs of a comminuted radius and ulna fracture. (B) Normog-
rade IM pinning of the ulna. (C) Intraoperative radiograph. (D) Temporary plate stabilization
with push-pull devices. (E) Immediate postoperative radiographs.
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Procedure Technique

During the surgical positioning of the patient, the affected limb is securely suspended
from a ceiling hook and draped. Using a sterile hook system allows the surgeon to
disconnect the leg during the procedure.9 Transfixation full-threaded pins or half-
threaded pins are placed in the proximal and distal metaphyses of each bone
segment. Their diameter must not exceed 20% to 30% of the width of the medullary
canal.16 The pins are centered in the bone on the sagittal plane and parallel to their
respective joint surface. The proximal pin should be placed sufficiently posterior so
as not to interfere with plate positioning.17 It is mandatory to place fixation elements
only in safe soft tissues corridors.18 Care must be taken before pin insertion to avoid
multiple attempts that would increase the risk of iatrogenic fracture or bone necrosis.
Intraoperative radiographic control or fluoroscopy is used to assess correct pin
placement.
The table is then lowered or a pulley system used to raise the limb, suspending the

patient by the fractured limb. The weight of the patient distracts the fracture and helps
to align the joint surfaces. If necessary, manual distraction on the threaded pin can
improve alignment. The connecting bars are placed and limb alignment clinically
evaluated. Intraoperative fluoroscopy or radiology is valuable in the assessment of
correct alignment.9

Only after good reduction and alignment have been achieved the plate can be
inserted and secured to the bone.
Potential Complications

Special care is needed to avoid intra-articular pin placement and to ensure that the
pins are effectively parallel to the proximal and distal joint surfaces to prevent mala-
lignment. It is important to avoid pin placement into fissures or superficial cortical
areas, possibly resulting in fractures. Attention must be paid to avoid nerve or vessel
injury during pin insertion, respecting safe corridors.
Leaving empty holes is not ideal, because this can lead to subsequent bone frac-

ture, probably because of the stress riser effect caused by creating a defect in the
cortical bone. Placing a hole too close to 1 cortex, eccentrically, rather than pene-
trating the bone in its middle area could also create a stress riser.
DePuy Synthes (West Chester, PA) markets a unilateral linear fixator system specif-

ically developed to facilitate MIPO applications in human patients. The Minimally Inva-
sive Reduction Instrumentation System (MIRIS) (DePuy Synthes Trauma) has
cannulated reduction handles that are slid over and secured to implanted half pins.
The handles are used to manipulate the secured major fracture segments. A carbon
fiber connecting rod is secured to each of the reduction handles with connecting
clamps. When the clamps are tightened, the articulated reduction handle construct
maintains alignment and reduction, simplifying MIPO implant placement.19,20

A recent canine cadaveric study was performed comparing the use of theMIRIS and
a 2-ring circular construct to facilitate alignment and reduction during MIPO applica-
tions using a comminuted radius and ulna fracture model. MIRIS allowed for shorter
reduction times and simplified plate placement, without compromise to fracture
reduction and alignment.21

The application of the MIRIS was a relatively efficient process; however, obtaining
initial half-pin purchase in the proximal metaphysis of the radius was sometimes diffi-
cult owing to the convexity of the radius in this region. Placement of the half pins,
which have a 75% larger diameter than the 1.6-mmKirschner wires used in the circular
fixator construct, could potentiate postoperative morbidity, including fracture of the
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radius through the pin tract. The potential for fracture may increase if the initial pin
placement is unsuccessful. The authors reported lower difficulty of plate placement
scores associated with use of the MIRIS, attributing it to the construct being situated
unilaterally, on the opposite side of the limb to location of the plate insertion incisions.
The MIRIS only impeded plate application when the distal half-pin was situated
directly subjacent to a screw hole in the plate.
The authors concluded that although both constructs were useful in performing

MIPO, the MIRIS was simpler to apply and interfered nominally with plate placement.
The authors also published their initial clinical experience using the MIRIS for MIPO
application in dogs and concluded that MIRIS was easy to apply and consistently
resulted in reductions that were near anatomic, with acceptable restoration of length
and alignment. Plate and screw placement was unimpeded by the MIRIS, facilitating
implant application and complications observed were not related with the MIRIS
use.22

CIRCULAR EXTERNAL FIXATION

Tensioned small diameter wires and circular rings can be used with a simple, efficient
technique, described by Jackson and colleagues,17 which allows for precise reduc-
tion, length restoration, excellent control of rotation, and easy access for imaging.
Once held at the correct length, the frame construct will resist shortening and,
perhaps, distraction forces during plate positioning. The application of the frame is
straightforward and may be rapidly accomplished and the insertion of fine wires is
minimally invasive, causing little tissue trauma.

Indications

Circular external fixation indirect reduction technique is indicated in tibia, radius, and
ulna fractures. Humerus and femur fractures are less commonly reduced by this tech-
nique because of the large muscle bellies and the impingement given by the thorax
and the abdomen. When used for those segments, half rings are used. This method
is particularly useful in fragmented or segmental fractures where the reduction is diffi-
cult to maintain. It is challenging in proximal and distal third fractures, where the frame
can interfere with proper plate positioning and fixation. When this is the case, the
reduction can be maintained by a transarticular frame.

Procedure Technique

The frame is preassembled with 2 rings or arches (partial rings) arranged in a single
block configuration for the proximal and distal fragment. When arches are used, the
proximal one is oriented with the open portion cranially, to avoid interference
with elbow or stifle flexion. The distal arch is oriented with the open portion cranially,
to avoid interference with the carpus and hock flexion. This frame construct allows for
a better limb alignment evaluation during the surgical procedure.
The surgeon must choose a ring or arch size that can be placed around the animal’s

limb while still having enough space between the skin and the inner margin of the ring
to position the plate. The rings or arches are connected using 2 threaded rods, posi-
tioned to avoid interference with safe corridors, and subsequent plate application. The
transosseous wire size is selected according to established guidelines.23

A standard hanging limb preparation is performed with the animal in dorsal recum-
bency, in a way that to retain the possibility of attaching and detaching the limb from
the hanging support. The first transosseous wire is placed in the proximal radius or
tibia, parallel to the mediolateral axis of the elbow or stifle joint and perpendicular to
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the longitudinal axis of the proximal segment. The proximal wire should be placed suf-
ficiently posterior so as not to interfere with plate positioning.17

The preassembled frame is passed over the limb and connected to the proximal
wire. The distal transosseous wire is inserted in a direction that is parallel to the ante-
brachiocarpal, or hock joint, and perpendicular to the longitudinal axis of the distal
segment. It is recommended to place fixation elements preferably in safe soft tissue
corridors. Care must be put before wire insertion to avoid multiple attempts that would
increase the risk of iatrogenic fracture or bone necrosis.
Proper placement of the wires is confirmed through intraoperative radiographs or

fluoroscopy. The distal wire is then connected to the frame. The wires are tensioned
to a maximum of 30 kg to avoid arch deformation.23

Fracture reduction is achieved by gentle and progressive distraction of the rings
or arches. Distraction is applied by turning the nuts on the threaded rods. By ensuring
that the 2 wires are inserted perpendicular to the longitudinal axis and parallel to each
other in both frontal and sagittal planes, correction of alignment and rotation is
achieved because the bone length is restored (Fig. 7). In most trauma cases, the
use of conical couples instead of flat nuts is very useful, because they allow rotation
and inclination of the rings and the threaded bars to each other, thus allowing multiple
planes of correction.
Fig. 7. (A) Preoperative radiographs of a comminuted radius and ulna fracture. (B) Applica-
tion of the ring fixator. (C) Fracture distraction applied by turning the nut. (D) Intraoperative
fluoroscopy showing fracture reduction. (E) Plate insertion in a MIPO fashion. (F) Screw
insertion. (G, H) Limb alignment evaluation. (I) Immediate postoperative radiographs.
(Courtesy of A. Pozzi, DVM, MS, DACVS, DECVS, DACVSMR, Zurich, Switzerland.)
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Reduction and axial alignment can be improved by modifying the frame’s spatial
alignment, using the following methods.24

� The angled bar technique. This technique is used with systems that do not have
hemispheric nuts and washers available and consists of changing the angle of a
threaded bar between the rings or arches. This bar is connected to the rings or
arches, offset by the amount of the deformity to be corrected but in the opposite
direction. When the nuts on the previous straight connecting bars are loosened
and the nuts on this angled bar are tightened, the angled bar becomes perpen-
dicular to the rings, rotating the bone segment in the direction opposite to that of
the deformity.

� Hemispheric nuts and washer technique. This method can be used with systems
in which hemispheric nuts and washers are available. The nuts are loosened, the
distal ring or arch is rotated in the direction opposite to the deformity, and the
nuts are tightened again after deformity correction, leaving the threaded bars
at an angle to the rings. Hemispheric nuts and washers can also be used to cor-
rect angular deformities. For example, if a valgus deformity is present, the length
of the lateral threaded bar connecting the rings may be increased, while the nuts
of the threaded bar on the medial side may be released to avoid them holding the
rings in the previous position, preventing the frame construct from moving.

� Shifting of the bone along the wire. If a dislocation ad latum is present, it can be
corrected by shifting the bone along the wire, thus changing its position on the
horizontal plane.

� Rotation of the bone along the fulcrum of the wire. Once distraction of the
fracture segments has been achieved, a residual angular deformity may still be
present. The bone segment may be aligned using the wire as a fulcrum, thus
changing its axis. For this procedure to be performed, it is mandatory that just
1 wire is inserted in each segment. If more than 1 wire is inserted in the bone
segment, it will be locked.

Potential Complications

Special care has to be put to avoid intraarticular wire placement18 and to ensure that the
wires are effectively parallel to the proximal or distal joint surfaces respectively to
prevent malalignment. It is important to avoid the placing of the transfixation pin into fis-
sures or superficial cortical areas, possibly resulting in fractures. Care must be put to
avoid nerve or vessel injury during wire insertion. The use of small-size wires leaves a
very small empty hole, diminishing the risk of stress riser effect and secondary fractures.
Pozzi and colleagues25 compared MIPO and open reduction and internal fixation of

radius–ulna fractures in dogs and reported that all fractures obtained radiographic
union although infection developed in 1 dog in each stabilization group. No statistical
difference was found in operating time, postoperative alignment, gap width, or time to
union (MIPO, 51.9� 18.4 days; open reduction and internal fixation, 49.5� 26.5 days).
Although bone segments could easily be slid along the fixator wires, translational
malalignment was less effectively corrected than the other types of malalignment;
moreover, although not directly compared, simple fractures were more likely to
have translational malalignment than comminuted fractures. The authors did not
report any rotational or frontal angulation malalignment after MIPO.25

Bone-Holding Forceps

Small bone-holding forceps inserted far from the fracture site through the proximal
and distal surgical approaches can be used to align the fracture.26 The most distal
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and proximal parts of the bone segments are secured with the bone-holding forceps
and the segments are distracted and manipulated to reduce the fracture. This method
is most successful in the radius–ulna and tibia fractures in which the reduced muscle
mass allows more accurate palpation and easier reduction.1,10

Nevertheless, a forceps is a space-occupying device and should be applied to the
bone in a position that allows subsequent plate application. For example, in a tibial
fracture the bone-holding forceps grip the cranial and caudal bone aspects to allow
medial plate placement. It should also be noted that bone-holding forceps are passive
devices, requiring an assistant to maintain reduction until plate fixation is completed.
In humerus and femur fractures it is often more challenging to achieve and maintain

proper fracture reduction with this method because of the large surrounding muscle.
Therefore, in such cases, bone-holding forceps are mostly used in combination with
other reduction techniques, such as IM pinning. For example, in a femoral fracture
the bone-holding forceps could be applied through the proximal surgical approach
at the level of the subtrochanteric region to hold and maintain the proximal segment
in a levered position during pin insertion (Fig. 8). A second bone-holding forceps,
applied through the distal surgical approach at the level of the supratrochlear region,
can be used to distract and manipulate the distal segment allowing pin insertion and
progression.
Bone-holding forceps can also be used as an aid to further improve segment

alignment when other indirect reduction techniques are used. Occasionally, a point
reduction forceps can be used percutaneously (Fig. 9) to approximate a severely dis-
placed fragment or long oblique fractures.26
Fig. 8. (A) Preoperative radiographs of a butterfly femoral fracture. (B) The forceps holds
the proximal segment during normograde IM pinning. (C) Intraoperative radiograph. (D)
Temporary plate stabilization with push-pull devices. (E, F) Immediate postoperative
radiographs.



Fig. 9. (A) Preoperative radiographs of a long oblique tibia and fibula fracture. (B) The point
reduction forceps is used percutaneously to approximate the fracture. (C) Intraoperative
fluoroscopy. (Courtesy of A. Pozzi, DVM, MS, DACVS, DECVS, DACVSMR, Zurich,
Switzerland.)
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FRACTURE DISTRACTOR

The fracture distractor is a mechanical device that applies the forces directly to the
bone segments. Some of them are available.

Dynamic 2.0 Distractor

The Dynamic 2.0 distractor is composed of a threaded bar enclosed into 2 stainless
steel telescopic cylinders. To function as distractor, the bar is locked at 1 end of 1 cyl-
inder, while the other can be moved proximally or distally by sliding inside the other
cylinder (Ad Maiora). The movement is micrometrical, generating a very high force
of distraction on the fractured area. Adjacent parts of the body remain unobstructed.
The fracture distractor allows easy distraction of the bone segments, even when
severe muscle contraction is present.
It works like a temporary fracture distractor if plating is the scheduled procedure, or

like a definitive stabilization device if more pins are added once the fracture reduction
is achieved. The special clamps allow bone segment movement in all the planes, thus
facilitating reduction maneuvers (Fig. 10). In very unstable fractures, or when the plate
could be potentially weak because of the features of the fracture or the patient’s
temperament, it can be used like a temporary ancillary stabilization device together
with the plate, to be removed after the early bony callus developed.

Titan Distractor

The Titan distractor is composed of 2 threaded bars connected by a knob that carry 2
orthogonal arms. When the knob is rotated, distraction or compression of the arms
Fig. 10. (A) The dynamizable linear fixator. (B) A fixator clamp allows multiplanar fracture
segment adjustment. (C) Application of the dynamizable fixator to a plastic model simu-
lating an overlapped fracture. Note the central part of the fixator body that is almost close.
(D) After fracture reduction, the central part of the fixator body is larger than before
distraction. The clamps can now be set to better adjust the fracture reduction.
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can be achieved. The connection with the bone is provided by traction stirrups, the
use of which is described elsewhere.27

Indications

The fracture distractors are generally reserved for use in large breed dogs, with muscle
contraction and fragment overriding or in old fractures where callus and muscle
contracture must be overcome. The Dynamic linear distractor can be used in almost
all sizes of patients.

Procedure Technique

Dynamic 2.0
Two threaded pins are inserted in the metaphyseal area of both the proximal and
distal segments. The distractor is then attached to the pins and the sliding cylinder
can then be moved distally, distracting the fracture. The offset position of the dis-
tractor allows the surgeon to access the fracture site for implant application.
Varus, valgus, or rotational malalignments can be corrected thanks to the
special clamp that allows to move the fragments in every plane. When used like
an ancillary temporary device, the distance from the bone and the clamp should
be decreased to increase the frame stiffness, once the plate is secured to the
bone.

Titan distractor
A 1.5-mm diameter K-wire is placed through the proximal fragment and connected to
a traction stirrup (Ad Maiora s.r.l.). A second K-wire is inserted through the distal frag-
ment and connected with a second traction stirrup. Then, the distractor (Titan distrac-
tor, Ad Maiora s.r.l.) is connected to the stirrups (Fig. 11). By rotating the distraction
knob to lengthen the distractor, the fracture overlapping is reduced. The distraction
should be progressively increased, as usual, to avoid iatrogenic damages to the tis-
sues. Owing to the great adaptability of application of the traction stirrup to many
different areas of bones, its application can be extended to virtually all the bones,
including vertebral fractures.
Fig. 11. (A) Preoperative radiographs of a comminuted tibial fracture presented in Fig. 3.
(B) Temporary plate stabilization with 2 push and pull devices. (C) Intraoperative radio-
graphs showing the indirect reduction of the fracture. (D) Immediate postoperative
radiographs.
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Potential complications

Although the fracture distractor can be used to indirectly reduce comminuted frac-
tures, it can be difficult to apply bridging plates in an MIPO fashion with the distractor
in place.8 The Dynamic 2.0 distractor should be used with long pins to avoid interfer-
ence with plate positioning. It should also be placed so that it does not interfere with
plate positioning. For example, if a craniomedial plate is scheduled, it should be
placed laterally.

Reduction through plate application

The use of anatomically precontoured standard or locking plates in MIPO treatment of
diaphyseal fractures helps to ensure proper reduction and correct limb alignment.28

Indications
This technique should be combined with one of the previously described methods of
indirect reduction to restore the correct bone length before plate application. Only
small displacements and angulations on both the frontal and the sagittal planes can
be corrected while maintaining stability as the reduction occurs.1

Procedure technique
Plate precontouring The orthogonal radiographic views of the contralateral intact limb
are used to select the adequate plate whole length and to contour the plate preoper-
atively.26 Plate length is evaluated on the mediolateral view and should be close to the
length of the whole bone. Schmokel and associates29 recommend the use of a long
plate in MIPO applications to dissipate the stress on the construct. Furthermore,
longer plates with a limited number of screws positioned at the plate ends have
been shown to sustain greater loads before failing than shorter plates with a screw
placed in each plate hole.30

Accurate plate precontouring is usually performed on the craniocaudal view to
ensure proper axial alignment of the main fragments and correct bone length.29 Plate
bending and twisting are performed to adapt plate ends to the shape of both the prox-
imal and the distal metaphyseal regions of the fractured bone.

Standard plates With standard bone plates, screw tightening produces frictional
forces between the plate and the bone and, during weight bearing, the shearing
load is transferred directly from the bone to the plate.31 Therefore, accurate anatomic
plate contouring is mandatory to maintain primary fracture reduction during screw
tightening.32

After plate insertion, the proximal plate end is positioned on the center of the bone
and fixed with a cortical screw inserted perpendicular to the cortex. This screw is not
fully tightened to allow movement of the distal plate end. Bone-holding forceps can be
used to center the plate over the bone or to achieve plate–bone contact. The bone cor-
tex of the distal segment is then exposed and the plate end centered over the bone
and fixed with a second cortical screw. Plate position is then checked by means of
intraoperative imaging, after which both screws are tightened and fracture reduction
is controlled before the final fixation.
If the axial alignment is not satisfactory, another cortical screw should be inserted

closer to the fracture site through a separate stab incision to act as a reduction screw.
This process allows the displaced segment to be pulled against the plate and reduced
in a more anatomically correct position.33

Locking plates With locking plates, a rigid connection between the plate hole and the
screw is achieved; therefore, no frictional forces are produced between the plate and
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the bone.31 The advantage of locking plates is the minimal contouring required for their
application in comparison with standard plates. The locking plate acts as an internal
fixator and, therefore, does not displace the fracture segments during locking-screw
tightening, regardless of the precision of contouring.32 To provide stable fixation,
proper locking of the screw is essential. Temporary stable plate fixation to the bone
is recommended before the insertion of the first locking screws.
The push–pull device (Synthes, Solothurn, Switzerland) is a temporary reduction de-

vice applied through a plate hole to hold the locking compression plate against the
bone (see Fig. 11). This device is self-drilling and connects with the quick coupling
for power insertion. After monocortical insertion, the flange is turned clockwise until
it pulls the plate securely against the bone. Once the plate is secured by the other
screws, the push–pull device is removed and a screw can be inserted in the same
hole.34

Another temporary reduction device is the pin stopper, part of the Fixin system
(Traumavet, Rivoli, Italy). The pin stopper is a perforated stainless steel cylinder
that can be inserted over a smooth pin and locked with a small screw nut
(Fig. 12). The pin is inserted in the plate hole through a dedicated conical
drill guide. Bicortical pin insertion is recommended to improve torsional stability.
Pin insertion progresses until the stainless steel cylinder reaches the top of the
conical drill guide and consequently pushes the plate against the bone. The use
of a threaded pin can improve this action once the threaded tip enters the bone
cortex.35

With a properly contoured implant, positioning temporary reduction devices in a
hole that is further away from the ends of the plate allows better plate–bone contact
and consequently more accurate fracture reduction (see Fig. 12).

Potential complications
Inadequate plate contouring may result in loss of primary reduction and axial malalign-
ment during cortical screw tightening or temporary plate fixation. Axial malalignment
can also occur if bone length is not completely restored and segment overlapping is
still present before plate application. If the proximal and distal screws are not inserted
into the center of the bone, because of the plate being offset, or if their direction is not
Fig. 12. (A) Preoperative radiographs of a radius and ulna fracture. (B) Retrograde insertion
of the IM pin in the ulna. (C) Two pin stoppers are inserted through the plate for temporary
plate fixation and indirect fracture reduction. (D) Intraoperative aspect after the plate appli-
cation. (E) Postoperative radiographs showing indirect fracture reduction and temporary
plate fixation.
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perpendicular to the cortical surface, segment rotation and translation may occur at
the fracture site.33

Care must be taken during tightening of the first screws. The insertion torque
applied could still result in dislocation of the bone segments. Therefore, palpation
and assessment through visual or intraoperative imaging is recommended to avoid
poor fracture reduction.

ASSESSMENT OF ALIGNMENT

After fracture indirect reduction has been achieved, care must be taken to carefully
assess limb alignment. Malalignment is the most common complication associated
with MIPO, because the fracture site is not exposed and the surgeon cannot rely on
direct visualization of correct reduction to restore alignment. It must be underlined
that a loss of length or a moderate malalignment on the sagittal plane (procurvatum
or recurvatum) does not affect the patient’s functional outcome, whereas malalign-
ment on the frontal (varus or valgus) or axial plane can severely compromise limb func-
tion. Limb alignment can be assessed both by clinical evaluation and intraoperative
fluoroscopy or radiology.
Proper patient positioning and surgical draping are mandatory to allow correct

alignment evaluation. The limb should still be completely visible in both sagittal and
frontal planes after draping, and the distalmost and proximal-most joints should be
evaluated in their range of motion. This setting allows for the identification of anatomic
landmarks, which is fundamental for clinical evaluation. Familiarity with the normal
relationship between external anatomic landmarks is as essential as in-depth knowl-
edge of bone anatomy in preventing malalignment.36 The availability of a sterile bone
model in the operating room can also help the surgeon to recognize these landmarks
on the fractured limb.
Clinical evaluation can easily be performed on the antebrachium and crus, but it can

be challenging for the arm and thigh, owing to the presence of large muscle bellies.
Therefore, for the proximal bone segments, reliance on intraoperative diagnostic
imaging is strongly recommended. Access to a C-arm should be ensured to provide
complete visualization of the proximal and distal joints in both frontal and sagittal
planes. If fluoroscopy is not available, intraoperative radiographs can be obtained
with a portable radiograph machine. Intraoperative radiographs are satisfactory for
distal limb segments but suboptimal for proximal ones. Furthermore, the issue of
radioprotection for the personnel is raised by the latter technique.

Clinical Evaluation

Tibia
The rotational and frontal alignment are subjectively evaluated with the stifle and hock
joints flexed at 90�, by aligning the patella, the tibial crest, and the long axis of the III
and IV metatarsal bones, and by reestablishing the sagittal plane of the hind limb.
Furthermore, the position of the calcaneus can be assessed during flexion and exten-
sion of the stifle. If internal tibial torsion is present, the calcaneus seems to be
displaced laterally, whereas, with external tibial torsion, it seems to be displaced
medially. Moreover, observing the orientation of the foot with respect to the sagittal
plane of the crus while palpating the malleoli is very helpful.36

Antebrachium
The same clinical assessment described for the tibia is used to evaluate the alignment
of the forearm. The humeral condyle, the radius, and the long axis of the III and IV
metacarpal bones are used to reestablish the sagittal plane of the forearm. The
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position of the flexed manus is useful to assess axial malalignment. A medial position
indicates an external radial torsion, whereas a lateral position suggests an internal
radial torsion.

Femur
The anatomic relationship between bone landmarks can also be reestablished in the
femur, although it is more difficult. Rotational alignment can be judged by palpation or
by direct visualization of the greater trochanter and femoral trochlea through the prox-
imal and distal approaches. The lateral aspect of the femoral trochlea can be palpated
or observed through a stifle mini-arthrotomy. The distal part of the femur is then held in
a true lateral position. The position of the greater trochanter is then inspected through
the proximal approach. If the femur is aligned correctly on the axial plane, the greater
trochanter should be slightly caudal compared with the long axis of the bone. Accord-
ing to Dejardin and Guiot,36 with the femur in a true lateral position, the midpoint of the
greater trochanter should be slightly caudal to the coronal plane with the distal aspect
of the line of origin of the vastus lateralis muscle aligned with the coronal plane.
Furthermore, in a correctly aligned femur, the surgeon can perform a 90� external

and 45� internal rotation of the hip. This method is recommended only if the plate
has been temporarily secured to the bone.

Humerus
The anatomic landmarks used for clinical evaluation are the humeral epicondyles, the
greater tubercle, and the bicipital groove. These landmarks can be used to roughly
evaluate humeral axial alignment. When holding the humeral epicondyles in a true
mediolateral position, it should be possible to palpate the greater tubercle cranially
and the bicipital groove medially.

Intraoperative diagnostic imaging
As stated elsewhere in this article, reliance on intraoperative diagnostic imaging is
mandatory in the case of proximal limb fractures and generally suggested for all
bone segments. The anatomic details and relationship with the adjacent bones are
evaluated through 2 orthogonal projections. These must include the whole bone
segment and the proximal and distal joints. Comparison with the contralateral unaf-
fected limb is also useful if the required projections have been previously obtained.
Intraoperative fluoroscopy enables several quick spot projections of all these struc-

tures and is, therefore, the most useful method of assessing bone alignment.
SUMMARY

Indirect fracture reduction is used to align diaphyseal fractures in small animals when
using minimally invasive fracture repair. Indirect reduction achieves functional fracture
reduction without opening the fracture site. The limb is restored to its previous length
and spatial alignment is achieved to ensure proper angular and rotational alignment.
Fracture reduction can be accomplished using a variety of techniques and devices,
including hanging the limb, manual traction, distraction table, external fixators, and
a fracture distractor.
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