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o Surgery has always been dominated by the fear of pain and lethal infections. As early as the year 400 BC, Hippocrates held the opinion that immobilisation should be the aim following realignment and
only if necessary and in very few cases did he use open surgery techniques for fracture repair. (Adams, 1939).

o After Hippocrates, in the first part of the nineteenth century, Joseph-François Malgaigne (1806-1865), a French surgeon and a medical historian, is considered to be the first to devise and to apply a
practical method of external skeletal fixation, his method being used in the treatment of displaced transverse fractures of the patella.

o An adapted form of Malgaigne's screw technique was developed by Von Heine (1878), a professor of Surgery in Prague. His method involved drilling a hole through the cortical layers of the bone
fragments near the fractured ends, perpendicular to the longitudinal axis, and pushing through the holes ivory pins and fixing them in plaster of Paris by means of a tube and clamps. This is considered the
first form of external fixation (Hernigou, 2016).

o The early forms of external skeletal fixation in veterinary medicine included the Stader reduction and fixation splint (1937), the Angell Memorial Animal Hospital splint (1938) and the Kirschner-
Ehmer fixation splint (1940) (Petit, 1992). Despite positive reports, the use of external skeletal fixators remained limited due to relatively high complication rates, such as premature pin loosening, pin
tract sepsis and associated delayed union or nonunion fractures .

o Advances in biomechanics of external skeletal fixator frame configurations led to a better knowledge of how different geometric configurations could provide mechanical support in veterinary patients
with long bone fractures. Furthermore, discoveries of advanced mechanical properties using hybrid frames (e.g. type Ia/IIb or linear/circular) and tie-ins (additional connecting bars to transfixation pins or
directly to intramedullary pins) have enhanced the use of external skeletal fixators in complex fractures (Martinez et. DeCamp, 2012, Tobias). They are now being used extensively for the treatment of
long bone fractures and nonunions distal to the elbow and stifle joints, for the treatment of limb deformities and for other applications, being the standard of care in both human and veterinary
orthopaedics for almost 30 years (Marcellin-Little, 2003).

The external skeletal fixator (ESF) system uses stainless steel pins or Kirschner wires placed
percutaneously and attached to external clamps.

• Linear External Skeletal Fixation Systems
Linear ESF systems are created by using transfixation pins or Kirschner wires that can be connected to a simple
bar (type Ia frame, unilateral), two connecting bars opposed 90 degrees (type Ib frame, unilateral biplanar); two
connecting bars opposed 180 degrees (type IIa or IIb frame, bilateral); or three connecting bars, two connecting
bars opposed 180 degrees with one connecting bar opposed 90 degrees from the other two (type III frame,
bilateral biplanar) (Fig. 1) (Johnson et al., 1999).
Another type of linear ESF is the one using acrylic pin splints, that have an acrylic column that acts as both the
connecting rod and transfixation pin-gripping device.

• Circular External Skeletal Fixation Systems
Circular fixators (CEF) or ring fixators use supporting rings, connection rods, bolts and tensioned transfixation
Kirschner wires (Fig. 2). The method used for placement of circular external skeletal fixation is termed the 
Ilizarov method (Marcellin-Little, 1999).
Circular fixators use smaller diameter wires as fixation elements (Lewis, 2001). The fixation wires are
tensioned so that construct stiffness increases, but weight bearing produces axial micromotion of the stabilized
segments, which is thought to aid fracture healing (Egger et al., 1993). Given the fact that the fixation wires
and pins are placed in multiple planes, soft-tissue trauma is reduced and early weight bearing in the
convalescent period is encouraged (Ilizarov, 1992).

Figure 1. Common linear external skeletal fixator systems. A. type
Ia, double clamp; B. type Ia, single connecting bar; C. type Ia,
double connecting bar; D. type Ib; E. type II; F. type III (Adapted
from Piermattei, D.L., Flo, G.L., Handbook of Small Animal
Ortopedics and Fracture repair, ed. 3, Philadelphia, WB Saunders,
1997, pp. 82-85).

Figure 2. Full-ring circular external skeletal fixation system
applied for tibia lengthening (Adapted from Zamani, A.R.,
Oyadij, S.O., Analytical modelling of Kirschner wired in
Ilizarov circular external fixators as pretensioned slender
beams, Journal of the Royal Society Interface 2009, 6:243-
256)

• Hybrid External Fixation Systems
Hybrid external fixation systems (HEF) are a new emerging technique for fracture stabilization in veterinary
orthopaedic surgery. They combine elements from both linear and circular fixators that can be connected in a
high number of combinations (Jimenez-Heras et al., 2014).
Hybrid systems have been applied for correction of growth deformities and fracture repair (Farese et al., 2002;
Sereda et al., 2009).
Due to combination of both linear and circular elements, HEFs require a reduced number of rings
comparatively to circular systems that usually require three or four rings, being less cumbersome and better
tolerated by the patient (Kirkby et al., 2008) (Fig. 3).

Figure 3. Hybrid fixator used for a
tibial plateau fracture (Adapted from
Ruedi, T.P., Buckley, R., Moran,
C.G., AO Principles of Fracture
Management, Ann R Coll Surg Engl,
2009, 91(5):448-449)

External skeletal fixation systems are particularly useful in
fractures of the radius and ulna due to the relative lack of
surrounding soft-tissue, being the standard of care in open
fractures, delayed unions, nonunions and corrective
osteotomies (McCartney et al., 2010).
• Type Ia frames are best suited for stabilizing simple fractures of the

radius and ulna in toy breed dogs and cats, while type Ib can be
usually used for comminuted fractures (Marti and Miller, 1994 a,b).
Circular external fixators or hybrid fixator provide an excellent
alternative when a linear frame cannot be used due do severe soft-
tissue trauma or in case of short fracture segments (Piermattei and Flo,
2006).

• All types of frames are applicable to the tibia, because the medial,
cranial and lateral surfaces of the bone are available (Bilgili et al.,
2007). Type Ia frames are best suited for fractures of skeletally
immature patients, who have a tendency of healing faster than adults.
Type Ib frames are usually used for stabilizing proximal and distal
tibia fractures when there is limited bone stock for pin fixation in one
plane, the fixation planes being oriented at approximately 90 degrees
to each other. Types IIa and IIb are indicated when no load sharing is
possible in complex, nonreducible fractures. Circular and hybrid
frames are usually used for treatment of epiphyseal fractures, where
limited bone segments are available for fixation (Witte et al., 2014).
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• Although there is no perfect fixation system for each type of fracture and each clinical case should be
individually evaluated, external skeletal fixators can be easily customized to accommodate almost all
types of fractures of the antebrachial and crural regions being the standard of care in veterinary
orthopaedic surgery.

• External fixators may be applied by closed or open surgical procedures and advances in technology and
surgical techniques have greatly enhanced the pin-bone interface, resulting in a significant decline of
complications seen with the use of any type of external fixator frame over the last recent years, making
them a safe surgical technique.


