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ABSTRACT
Surgical arthrodesis is effective for treating proximal interphalangeal joint (PIJ) injuries in horses. Despite several techniques 
described so far, the use of a 3-hole, 4.5mm-locking compression plate, associated with two 5.5-mm transarticular cortex 
screws, is currently considered the “gold standard.” This review describes the anatomy of the pastern, as well as causes, 
indications, and possibilities for arthrodesis in the equine PIJ. A description of the current surgical technique for joint 
fixation is also presented.
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RESUMO
A artrodese cirúrgica é efetiva para o tratamento de condições da articulação interfalangeana proximal (AIP) em equinos. 
Diversas técnicas são descritas, e o uso de uma placa de compressão bloqueada de três orifícios e 4,5 mm associada com 
dois parafusos corticais transarticulares de 5,5 mm é atualmente o padrão ouro. Esta revisão tem por objetivo descrever 
a anatomia da região da quartela, bem como as causas, indicações e possibilidades para a artrodese da AIP nos equinos. 
É apresentada também a descrição da técnica cirúrgica atualmente utilizada para realização da fixação da articulação.
Palavras-chave: Osteoartrite. Artrodese. Ortopedia. Quartela. Claudicação. Cavalo.
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Introduction
Proximal interphalangeal joint (PIJ) injuries are relatively 

common in the routine of equine practitioners, including 
different types of fractures of the proximal and middle 

phalanges, luxation, traumas, and degeneration (McIlwraith 
& Goodman, 1989; Souza et al., 2020a Trotter et al., 1982). 
In all these conditions, the process tends to evolve to 
osteoarthritis (Lischer & Auer, 2019). Western horses appear 
to be predisposed to injuries in this joint, probably because 
of flexion and torsion forces generated during abrupt stops 
and changes in direction (Lischer & Auer, 2019; Scott, 2008).

Conservative approaches for treating osteoarthritis in 
the PIJ usually do not prevent degenerative processes, in 
which lameness persists or relapses, requiring the use of 
medications, which potentially conflict with competition 
regulations. However, medications are expensive and do 
not completely solve the problem (Ghouri & Conaghan, 
2019; Goodrich & Nixon, 2006; Souza et al., 2020b). Surgical 
arthrodesis is effective for treating PIJ diseases, especially 
osteoarthritis (Lischer & Auer, 2019).

Just like the distal tarsometatarsal and intertarsal joints, 
the PIJ has limited motion. Therefore, arthrodesis does not 
affect the execution of high-performance activities, and 
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animals can return to normal activities (Lischer & Auer, 
2019; McIlwraith & Goodman, 1989; Zubrod & Schneider, 
2005). Several arthrodesis techniques are available, and 
surgical interventions using locking compression plates 
and transarticular cortex screws are considered the most 
efficient (Lischer & Auer, 2019; Zubrod & Schneider, 2005).

Surgical options for arthrodesis of the PIJ include using 
two or three transarticular cortex screws in lag fashion 
(MacLellan et al., 2001; Schneider, et al., 1978), dynamic 
compression plate (DCP), or low-contact DCP (LC-DCP) 
(Ahern et al., 2013), and locking compression plates (LCP) 
(Sakai et al., 2018; Vidović et al., 2020; Zoppa et al., 2011). 
Several studies have evaluated the ex vivo mechanical 
properties of these constructions, using different methods. 
However, the results are controversial to some extent 
(Ahern et al., 2013; Gudehus et al., 2011; Latorre et al., 
2020; Rocconi et al., 2015; Sod et al., 2007, 2010, 2011; 
Vidović et al., 2020; Wolker et al., 2009; Zoppa et al., 2011).

Lischer and Auer (2019) showed that using a 3-hole, 
4.5mm LCP, specially designed for such an arthrodesis, 
associated with two transarticular 5.5mm cortex screws, 
is recommended, except in cases of fractures. These authors 
also reported that the screw at the proximal hole of the LCP 
should reach only the bone cortex in contact with the plate 
(cis cortex) to minimize the stress riser effect (where the 
tension lines of the applied forces concentrate, increasing 
the likelihood of rupture). This can occur at the proximal 
end of the plate between the dorsal and palmar/plantar 
cortices of the proximal phalanx. Watkins (2020) also 
mentioned a preference for applying a monocortical screw 
in the proximal hole. However, he also presented the option 
of using all locking screws, provided that a tension device 
is available to compress the joint dorsally.

Given the clinical conditions and therapeutic possibilities, 
our review describes pastern anatomy, as well as causes, 
indications, and types of arthrodesis of the PIJ, and the 
LCP-based technique, which is currently used for surgical 
arthrodesis.

Literature review
Musculoskeletal system injuries are the main causes 

of decreased performance in horses. More than 50% of 
affected animals have at least one episode of lameness 
during their lifetime (Bailey et al., 1999), requiring clinical 
care such as rest and administration of analgesics and/or 
anti-inflammatory drugs. The PIJ is susceptible to injuries 
because of its small cross-sectional area, large axial load, 
and a small amount of surrounding soft tissue. This joint 
has limited motion but is affected by arthropathies of high-
motion joints (Kawcak & Barrett, 2016).

Anatomy of the pastern

The pastern encompasses the proximal and middle 
phalanges. The first is a long bone located between the third 
metacarpal/metatarsal and middle phalanx (Pollitt, 1992), and 
it is obliquely oriented towards the ground (approximately 
50-55º). The latter is a short and flat dorsal-palmar/plantar 
bone between the distal and proximal phalanges, with 
direction similar to that of the first phalanx, and width 
greater than its height (Getty, 1986) (Figure 1).

The PIJ is a ginglymus and synovial joint. It is also classified 
as a saddle joint, with concave and convex surfaces for lateral 
movement and rotation, in addition to flexion and extension. 
Its range of motion is limited to a few degrees (Parks, 2003). 
The common/long digital extensor tendon is in the dorsal 
region of the PIJ, together with the extensor branches of the 
suspensory ligament. Collateral ligaments provide stability 
in the sagittal direction (Fails, 2020) (Figure 1).

Tendons for the insertion of two flexor muscles and 
two extensor muscles are located at the distal end of the 
limb. The flexor tendons are the superficial digital flexor 
tendon (SDFT) and deep digital flexor tendon (DDFT). The 
extensor tendons are the common/long digital extensor 
tendon (CDET) and lateral digital extensor tendons 
(LDET). The LDET inserts on the proximal-lateral aspect 
of the proximal phalanx. The CDET inserts mainly on the 
extensor process of the distal phalanx and dorsal surface 
of the middle phalanx. The SDFT bifurcates at the distal 
end of the proximal phalanx, and its branches are inserted 
on the near-palmar/plantar aspect of the middle phalanx 
and secondarily on the distal-palmar/plantar aspect of the 
proximal phalanx (Denoix, 1994) (Figure 1).

Both flexor tendons share the same sheath, which extends 
from the distal metacarpal/metatarsus to the navicular 
bursa. The movement of the flexor tendons outside their 
line of action is limited by the palmar/plantar annular and 
proximal digital annular ligaments (Denoix, 1994) (Figure 1).

The blood supply to the digit originates from palmar/
plantar arteries. Each digital artery has several branches, 
and the most relevant is the branch to the proximal phalanx, 
which is divided into dorsal and palmar/plantar (Fails, 2020).

The distal innervation of the digit comes from the distal 
continuations of the palmar/plantar nerves, which are called 
digital palmar/plantar and its corresponding dorsal branches, 
from its division at the height of the fetlock. The dorsal 
branches are primarily cutaneous nerves that innervate 
the dorsal and abaxial portion of the pastern and coronary 
band. The digital palmar/plantar nerves run abaxially to the 
DDFT, later crossing the parietal canal and branching over 
the parietal surface of the distal phalanx. Several branches 
originate from the main plexus to innervate the lamellar 
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dermis of the heels, quarters of the hoof, and dermis of the 
sole and frog (Fails, 2020; Pollitt, 1992).

Diagnosis

Many conditions can affect the PIJ, including synovitis, 
capsulitis, osteochondral fragmentation, osteochondral 
fracture, subchondral cyst, luxation, fractures, and trauma, 
among others. In light of its distal location and a small 
amount of surrounding soft tissue, the PIJ is susceptible 
to laceration and contamination (Kawcak & Barrett, 2016; 
McIlwraith & Goodman, 1989).

An accurate characterization of pain in the PIJ can 
be difficult. The PIJ is located next to the area where the 
palmar/plantar digital nerve block is performed, and the 
joint can be desensitized by nerve block (Schumacher et al., 
2004). Anesthetic injections in the joint are usually the best 
approach to confirm PIJ arthropathy (Kawcak & Barrett, 
2016). This procedure can be challenging, so injection needle 
positioning may be confirmed by radiography (Figure 2).

Although many diseases in the PIJ can be diagnosed by 
radiography, other techniques (i.e., ultrasound, tomography, 
and magnetic resonance imaging) may be necessary to 

Figure 1 - Sagittal section of the equine foot. 1- Third metacarpal condyle; 2- metacarpophalangeal joint; 3- proximal phalanx; 
4- proximal interphalangeal joint; 5- middle phalanx; 5’- flexor tuberosity; 6- distal interphalangeal joint; 7- distal 
phalanx; 7’- flexor surface; 7”- extensor process; 7”- solar margin; 8- distal sesamoid bone (navicular); 9- deep digital 
flexor tendon; 10- superficial digital flexor tendon; 11- straight sesamoid ligament; 11’- oblique sesamoid ligament; 
12- middle scutum; 13- digital sheath cavity; 14- dorsal recess of the proximal interphalangeal joint; 15- palmar recess 
of the proximal interphalangeal joint; 16- proximopalmar recess of the distal interphalangeal joint; 17- distopalmar recess 
of the distal interphalangeal joint; 18- distal sesamoid ligament; 19- coronal corium; 19’- parietal corium; 19”- solar 
corium; 20- hoof wall; 21- white line; 22- sole; 23- frog; 24- heel; 25- digital cushion; 26- dorsal recess of the distal 
interphalangeal joint; 27- dorsal digital extensor tendon; 28- ergot; 29- proximal sesamoid ligament; 30- skin.

Figure 2 - Dorsopalmar (A) and lateromedial (B) radiographic 
images of the equine pastern to confirm the position 
of the needle during arthrodesis of the proximal 
interphalangeal joint. Note the presence of degenerative 
process these joints, probable involvement of the distal 
interphalangeal joints, and cystic lesion at the distal 
end of the proximal phalanx (arrow).
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complement or better characterize the disease process 
(Kawcak & Barrett, 2016).

Arthrodesis

Surgical arthrodesis is used to relieve pain due to 
osteoarthritis (OA), stabilize a luxation, and treat complex 
fractures in a joint (Lischer & Auer, 2019). Ankylosis is 
defined as the fusion of bones in a joint affected by illness 
or injury and can be achieved surgically. Other techniques 
used to induce ankylosis are the intra-articular injection 
of monoiodoacetate or ethyl alcohol (Caston et al., 2013; 
Penraat et al., 2000) and laser application (Zubrod et al., 2005).

Arthrodesis is ankylosis induced surgically and involves 
removal (or not) of cartilage and surgical fixation of the 
joint. In high-motion joints, arthrodesis is performed to 
maintain the quality of life in commercially valuable breeding 
animals or pets. However, in low-motion joints, ankylosis 
can be done without compromising athletic performance 
(Zubrod & Schneider, 2005).

Joint fixation and compression are best performed using 
transarticular cortex screws associated with orthopedic 
plates to provide greater fixation stability, improve 
postoperative comfort, and reduce recovery. The LCP has 
higher biomechanical stability, which can further improve 
the success rate of these procedures (Levine & Richardson, 
2007; Lischer & Auer, 2019; Zubrod & Schneider, 2005).

Indications for arthrodesis of the PIJ

Indications for PIJ arthrodesis include OA, comminuted 
fractures of the proximal or middle phalanx, and luxation 
or subluxation (Schneider, et al., 1978; Zubrod & Schneider, 
2005) (Figure 3).

According to Lischer & Auer (2019), given the low motion 
and high axial load of this joint, the long-term conservative 
treatment of most PIJ disorders is usually unsuccessful. 
Fractures involving the PIJ through the proximal or middle 
phalanx usually result in osteoarthritis or subluxation. 
Therefore, arthrodesis is commonly performed as part of 
the definitive treatment in these cases. These authors still 
describe that in comminuted fractures of the proximal 
phalanx, the middle phalanx serves as a distal fragment 
and improves fixation stability. In contrast, the proximal 
phalanx can serve as the proximal fragment in comminuted 
fractures of the middle phalanx.

Chemically induced ankylosis

Induction of ankylosis using ethanol is controversial 
(Lischer & Auer, 2019), and a single intra-articular injection 
of ethanol (70%) in a healthy PIJ does not consistently 
promote ankylosis (Wolker  et  al., 2011). Caston  et  al. 
(2013) reported that the outcome was better when injecting 
ethanol at 75.5% in the PIJ in 34 horses. However, 12% of 
the animals developed local inflammatory reactions, edema, 
and lameness the day after injection, with septic arthritis 
being suspected in one case. Animals with complications 
had worse long-term results. Follow-up examinations 
revealed that lameness did not occur in 17 (50%) cases 
after an average of three intra-articular ethanol injections 
administered 1 month apart. The average time to return 
to normal activities was 8 months.

Ethanol-induced ankylosis may be an option for 
owners and breeders who would choose euthanasia or 
no treatment rather than surgical arthrodesis (Lischer 
& Auer, 2019).

Figure 3 - Radiographic images of different conditions with an indication for arthrodesis of the equine proximal interphalangeal 
joints. Osteoarthritis with reduction of the joint space, and periosteal reaction in the dorsal and palmar margins of the 
pastern (A, lateromedial view). Luxation of the proximal interphalangeal joint, with the dorsal and distal displacement 
of the proximal phalanx and increased soft tissue volume (B, lateromedial view). Comminuted fracture of the middle 
phalanx (C, dorsolateral view). 
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Internal fixation

Techniques used for internal fixation in PIJ arthrodesis 
have evolved. One that is recommended uses two or 
three transarticular cortex screws (Schneider et al., 1978; 
Schneider et al., 1993). Besides, two studies on cadavers 
revealed that flexion strength using two parallel 5.5-mm 
screws was similar to that using three in a destructive three-
point bending test (Read et al., 2005) and cyclic bending 
loads (Carmalt et al., 2010).

A retrospective study of the minimally invasive application 
of transarticular cortex screws in standing horses showed that 
eight out of 12 animals could return to normal activities. Two 
animals remained lame and one had an iatrogenic infection. 
The owner was not found in one of the cases. The authors 
concluded that the approach is safe and provides outcomes 
similar to those of other techniques (Farnsworth et al., 2019). 
However, a conventional open approach using transarticular 
cortex screws increases the need for casting when compared to 
LCP (Schaer et al., 2010). An in vitro evaluation of arthrodesis 
using a DCP with two transarticular cortex screws showed a 
substantial increase in the animal’s stability across the dorsal 
aspect of the PIJ and greater fatigue resistance compared 
with three screws (Sod et al., 2010).

There is no consensus in the literature regarding the 
effectiveness of surgical arthrodesis using DCP, LC-DCP, 
or LCP. Sod et al. (2011), when evaluating two types of 
plates (DCP and LCP) in mechanical tests on cadavers, 
identified that mean yield load, yield stiffness, and failure 
load was higher in DCP under axial compression in a 
single cycle, and these same parameters were higher in LCP 
under torsion in a single cycle to failure. Ex vivo studies 
have shown that LCP provided a more rigid construction 
in a four-point flexion test using the same load intensity 
compared with LC-DCP (Ahern et al., 2013) and in an axial 
compression test compared with DCP (Seo et al., 2014). 
Besides, it has been suggested that arthrodesis using LCP 
reduces the period of casting and periarticular exostosis 
(Levine & Richardson, 2007).

Zoppa  et  al. (2011) evaluated the biomechanical 
characteristics of two PIJ arthrodesis techniques using 
4.5-mm LCP or DCP, each with three holes and two 5.5-mm 
transarticular cortex screws. The specimens were subjected 
to cyclic axial compression and axial compression force to 
assess fatigue. The comparison of treatments showed no 
significant differences for construction stiffness, fracture 
line formation, and rotation in the sagittal plane.

Clinical results from retrospective studies showed 
that outcomes are better by using LCP (Sakai et al., 2018; 
Schaer et al., 2010). However, a retrospective study with 

82 horses found no significant differences in animal 
performance among three-screw technique, DCP, and LCP 
(Herthel et al., 2016).

Some authors assessed stability improvements using the 
following implants: two plates (Watt et al., 2002), a T-plate 
(Steenhaut et al., 1985), a Y-plate (Galuppo et al., 2000), and 
a spoon plate (Sod et al., 2007). However, clinical results 
were better using a 3-hole, 4.5-mm DCP (Knox & Watkins, 
2006) or LCP (Sakai et al., 2018), when associated with two 
5.5-mm transarticular cortex screws.

Vidović et al. (2020) proposed a new implant, whose 
fixation system belongs to a new generation of point contact 
fixators developed in the 1980s (Perren & Buchanan, 1995). 
These authors compared the mechanical stability and 
surgical applicability of this new implant (Kyon ALPS-20) 
with a commercially available system (Depuy Synthes 
PIP-LCP). The specimen instrumented with the new system 
received 6.4-mm locking screws in a plate and two 4.5-mm 
transarticular cortex screws (all made of a titanium alloy). 
A single-cycle axial load test limited to 80-mm deformation 
was performed. No significant differences were observed 
for yield point, stiffness, and maximum strength. The 
authors reported that the results were encouraging even 
though the mechanical test raised doubts on the implant 
characteristics in vivo. Notwithstanding, additional clinical 
studies are necessary to better characterize the applicability 
of this new system.

Currently recommended surgical technique
Currently, ‘AOVet’ (a veterinary division of the Association 

for the Study of Internal Fixation “Arbeitsgemeinschaft für 
Osteosynthesefragen”) recommends for PIJ arthrodesis, 
in cases that do not involve fractures, the use of a 3-hole, 
4.5-mm LCP specially designed for the purpose (Figure 4) 
and associated with two 5.5-mm cortex transarticular screws.

We describe below the surgical technique involving 
internal fixation for arthrodesis in cases that do not involve 
fractures, according to the recommendations of AOVet 
(Auer, 2020), Watkins (2020), and Lischer and Auer (2019). 
Given the excellent images, these authors recommend 
consulting the first reference to improve understanding.

Surgical preparation

Before anesthetic induction, clipping is performed from 
the coronary band and extends proximally to the middle 
metatarsal/metacarpal region across its circumference. Hoof 
wall must be prepared using a fine rasp or electric sander, 
including removal of shoes, excess sole, and frog. The horse 
is kept under general inhalation anesthesia and positioned 
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in lateral recumbency with the affected limb upwards. The 
distal region of the limb is prepared for aseptic surgery, 
including meticulous preparation of the hoof. An adhesive 
waterproof drape has to be applied over the distal region.

The palmar/plantar digital nerve, which is abaxial to the 
proximal sesamoid bone, should be blocked. Longer-lasting 
local anesthetic solutions (ropivacaine or bupivacaine) 
are most indicated since the procedure may last a long 
time, and additional analgesia during anesthetic recovery 
is beneficial. If short-term anesthetics are used (lidocaine 
or mepivacaine), the administration can be repeated before 
cast application.

Incision

Palpation of the CDET can be used as an anatomical 
reference for this region. An incision in the dorsal, sagittal, 
and longitudinal planes is made in the middle third of 
the proximal phalanx and extends distally, ending two 
centimeters proximal to the coronary band. The transverse 
incision extends medially and laterally to the distal margin 
of the longitudinal incision, parallel to the coronary band, 
three to four centimeters on each side.

Abaxial dissection between the CDET and skin forms 
two flaps, which are folded laterally and medially to expose 
the said tendon. An inverted ‘V’ incision is made on the 
tendon. The incision begins close to the PIJ and runs distally 
and abaxially to both sides, extending to near the vertices 
of the transverse skin incision. The dissection is extended 
distally, including the fixation of the joint capsule of the PIJ. 
When completed, the dorsal surfaces of the distal aspects 
of the proximal phalanx and the proximal aspect of the 
middle phalanx are exposed (Figure 5).

The articular surfaces are separated using a retractor, 
and the medial and lateral collateral ligaments are incised 
to expose the largest possible articular surface area of the 
proximal and middle phalanges. Joint exposure may be 
laborious in cases of advanced OA.

Removal of articular cartilage

Articular cartilage is removed from the articular 
surfaces of the proximal and middle phalanges using hand 
instruments such as a curette or a motorized burr. If the 
latter is used, the risk of thermal injury to subchondral 
bone should be minimized, and to this end, lubrication 
with saline solution is suggested.

Cartilage is removed to provide maximum contact 
between opposing subchondral bone surfaces. Compression 
and friction generated by the fixation technique maximize 
fixation strength and stability, improve comfort, and reduce 
the period of postoperative casting.

Osteostixis

Osteostixis is performed with several perforations 
using a 2.5-mm drill through the subchondral bone of the 
proximal and middle phalanges. This approach favors the 
migration of blood vessels, improving ankylosis between 
phalanges (McIlwraith & Frisbie, 2010) (Figure 6).

Implants

The plate is positioned manually on the proximal and 
middle phalanges in the sagittal plane, with its single locking 
hole positioned on the proximal end of the middle phalanx. 
The points where the holes are drilled on the dorsal aspect 

Figure 4 - 3-hole, 4.5 mm-locking compression plate specially 
designed for arthrodesis of the proximal interphalangeal 
joint in horses (Focus Ortopedia Veterinária, Indaiatuba, 
SP, Brazil). Note the larger distance between the distal 
orifice and the middle holes (at the left), which needs 
to be positioned over the joint.

Figure 5 - Surgical access to the equine proximal interphalangeal 
joint. The skin was incised and folded, and an inverted 
“V” incision was made in the common digital extensor 
tendon. The tendon stump is observed at the tip of 
the forceps.
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of the proximal phalanx are marked for later placement of 
the 5.5-mm transarticular cortex screws. One hole is made 
on each side of the plate, two centimeters proximal to the 
PIJ and 1.5 cm abaxially to the sagittal line, over the medial 
and lateral condyles. These holes are directed to reach the 
palmar eminence of the middle phalanx in an opposing 
manner. The LCP is removed once the reference points are 
defined. The articular surface of the proximal phalanx is 
exposed to confirm perforation direction. In the proximal 
phalanx, the holes are made using the 5.5-mm drill and its 
corresponding guide, until the articular surface.

The joint is placed in its anatomical position. The LCP 
is positioned on the proximal and middle phalanges in the 
sagittal plane, between the holes of transarticular cortex 
screws. It is then contoured following the dorsal-distal 
surface of the proximal phalanx and dorsal-proximal of 
the middle phalanx, with the LCP hole positioned over the 
proximal end of the middle phalanx. The distal end of the 
LCP is slightly contoured to ensure that the distal screw is 
inserted below the subchondral plate and into the proximal 
palmar aspect of the middle phalanx.

The LCP is held in place and compressed against the 
proximal phalanx, and a push-pull device is placed in the 
central hole. The distal hole is made using a 4.3-mm drill 
and its corresponding guide, and a 5.0-mm locking screw 
with appropriate length to reach the palmar/plantar cortex 
is inserted and tightened. The proximal hole is made using 
a 3.2-mm drill and its corresponding guide in eccentric 
position, and a 4.5-mm cortex screw (monocortical) is 

positioned (24-mm length is usually enough) but not fully 
tightened. Then, the push-pull device is removed.

The transarticular cortex screws are drilled in the middle 
phalanx. A 4.0-mm drill guide is inserted into the holes of 
the proximal phalanx, and a 4.0-mm drill is used to extend 
this hole to the palmar/plantar eminence of the middle 
phalanx. The holes are countersunk on the dorsal surface 
of the proximal phalanx before applying the 5.5-mm cortex 
screws. Then, a 5.5-mm tap is used to cut a thread in the 
middle phalanx. The screws are positioned and tightened 
until the joint surfaces are compressed. The proximal cortex 
screw is fully tightened for dorsal compression.

A 5.0-mm locking screw is bicortically inserted in the 
middle hole of the LCP. Radiographic or fluoroscopic 
monitoring should be performed at each surgical stage to 
confirm the positioning of elements.

Wound repair

Tenorrhaphy is performed with absorbable suture #1. 
Interrupted or Sultan sutures are recommended (Figure 7). 
Cutaneous tissue is closed with metal staples or interrupted 
non-absorbable sutures.

Postoperative care
Casting is performed up to the proximal metacarpal/

metatarsus. In some cases, the proximal region of the radius/
tibia is immobilized, especially in fragmented fractures 
of the proximal or middle phalanx, to avoid the tension 
of the flexor structures on the focus, especially during 
anesthetic recovery. The cast is kept for 2 weeks and then 
withdrawn to allow removal of skin suture and assess the 
surgical wound. A new casting is made and maintained for 
one month. Afterward, the same casting material can be 

Figure 6 - Equine proximal interphalangeal joint: superficial 
perforations in the subchondral bone (osteotixis) are 
performed after removal of the cartilage. The use 
of a fine drill (2.5 mm) is recommended so that the 
perforations do not interfere with the fixation of the 
5.5 mm transarticular cortex screws.

Figure 7 - The postoperative aspect of the tenorrhaphy of the 
equine common digital extensor tendon.
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reapplied in the form of a gutter, or only padded bandages 
are applied. Thermography monitoring is recommended to 
detect the formation of pressure sores (Levet et al., 2009). 
During this period, the surgical wound is covered with 
biological membranes (amnion or equine pericardium) 
given its anti-inflammatory, antimicrobial, and healing 

Figure 8 - Equine pericardium flap maintained in 98% glycerin 
was applied over the surgical wound before bandage.

Figure 9 - Lateromedial (A) and dorsopalmar radiographs (B), 
after the performance of proximal interphalangeal 
arthrodesis in a horse that had the advanced degenerative 
joint disease.

characteristics (Goodrich et al., 2000; Litwiniuk & Grzela, 
2014; Oliveira & Alvarenga, 1998) (Figure 8).

Non-steroidal anti-inflammatory drugs are recommended in 
the first-week post-surgery. Phenylbutazone (4.4 mg/kg, SID) 
is the most commonly used, while meloxicam (0.6 mg/kg) is 
another option. Opioids may be necessary in cases involving 
extensive trauma. However, continuous perineural analgesia 
is possible for its excellent results, without the side effects of 
opioids (Souto et al., 2020). Broad-spectrum antimicrobials 
can be used for 5 to 7 days.

Stall confinement is required for 3 months. Then, a progressive 
assisted exercise program and access to a paddock should be 
initiated after clinical and radiographic follow-up. Good clinical 
indicators include an absence of lysis, implant failures, edema, 
and lameness. The horses can return to high-performance 
activities after 8 months when signs of adequate ankylosis 
are evident (Figure 9).

Final Considerations
Arthrodesis of the PIJ can significantly improve the 

comfort and performance of horses affected by arthropathies. 
For this purpose, several techniques are available, and LCP 
internal fixation seems to be the most effective. Therefore, 
appropriate equipment, instruments, and implants are required 
for equine orthopedic surgery. Moreover, a well-trained and 
expert medical team, more suitable procedures, and post-
operative care are essential for providing favorable results.

Declaration of conflict of interest
The authors declare no conflict of interest.

References

Ahern BJ, Showalter BL, Elliott DM, Richardson DW, 
Getman LM. In vitro biomechanical comparison of a 4.5 
mm narrow locking compression plate construct versus a 4.5 
mm limited contact dynamic compression plate construct 
for erthrodesis of the equine proximal interphalangeal joint. 
Vet Surg. 2013;42(3):335-9. http://dx.doi.org/10.1111/j.1532-
950X.2013.01111.x. PMid:23445267.

Auer JA [Internet]. AOVet - AO Surgery Reference - Horse 
Trauma; 2020 [cited 2020 Mar 23]. Available from: https://
surgeryreference.aofoundation.org/vet/horse

Bailey CJ, Reid SWJ, Hodgson DR, Rose RJ. Impact 
of injuries and disease on a cohort of two- and 

three-year-old thoroughbreds in training. Vet Rec. 
1999;145(17):487-93. http://dx.doi.org/10.1136/
vr.145.17.487. PMid:10596871.

Carmalt JL, Delaney L, Wilson DG. Arthrodesis of the 
proximal interphalangeal joint in the horse: A cyclic 
biomechanical comparison of two and three parallel cortical 
screws inserted in lag fashion. Vet Surg. 2010;39(1):91-
4. http://dx.doi.org/10.1111/j.1532-950X.2009.00614.x. 
PMid:20210951.

Caston S, McClure S, Beug J, Kersh K, Reinertson E, Wang 
C. Retrospective evaluation of facilitated pastern ankylosis 
using intra-articular ethanol injections: 34 cases (2006-2012). 

https://doi.org/10.1111/j.1532-950X.2013.01111.x
https://doi.org/10.1111/j.1532-950X.2013.01111.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23445267&dopt=Abstract
https://doi.org/10.1136/vr.145.17.487
https://doi.org/10.1136/vr.145.17.487
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10596871&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2009.00614.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20210951&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20210951&dopt=Abstract


9/11

Braz J Vet Res Anim Sci. 2021;58:e178586

Equine Vet J. 2013;45(4):442-7.  http://dx.doi.org/10.1111/
evj.12012. PMid:23253080.

Denoix JM. Functional anatomy of tendons and ligaments 
in the distal limbs (manus and pes). Vet Clin North Am 
Equine Pract. 1994;10(2):273-322. http://dx.doi.org/10.1016/
S0749-0739(17)30358-9. PMid:7987720.

Fails AD. Functional anatomy of the equine musculoskeletal 
system. In: Baxter GM. Adams and Stashak’s Lameness 
in Horses. 7th ed. New York: Wiley; 2020. p. 1-65. http://
dx.doi.org/10.1002/9781119276715.ch1. 

Farnsworth K, Souza C, Jones A, Heaton K. A standing 
percutaneous technique for proximal interphalangeal 
joint arthrodesis in twelve horses (2014-2017). Vet Comp 
Orthop Traumatol. 2019;32(2):165-70. http://dx.doi.
org/10.1055/s-0039-1677747. PMid:30847872.

Galuppo LD, Stover SM, Willits NH. A biomechanical 
comparison of double-plate and Y-plate fixation for 
comminuted equine second phalangeal fractures. Vet 
Surg. 2000;29(2):152-62.  http://dx.doi.org/10.1111/j.1532-
950X.2000.00152.x. PMid:10730708.

Getty R. Sisson e Grossman: Anatomia dos animais 
domésticos. 5th ed. Rio de janeiro: Guanabara Koogan; 
1986. 1168 p.

Ghouri A, Conaghan PG. Update on novel pharmacological 
therapies for osteoarthritis. Ther Adv Musculoskelet Dis. 
2019;11:1-11.  http://dx.doi.org/10.1177/1759720X19864492. 
PMid:31384314.

Goodrich LR, Moll HD, Crisman MV, Lessard P, Bigbie RB. 
Comparison of equine amnion and a nonadherent wound 
dressing material for bandaging pinch-grafted wounds 
in ponies. Am J Vet Res. 2000;61(3):326-9. http://dx.doi.
org/10.2460/ajvr.2000.61.326. PMid:10714527.

Goodrich LR, Nixon AJ. Medical treatment of osteoarthritis 
in the horse – A review. Vet J. 2006;171(1):51-69. http://
dx.doi.org/10.1016/j.tvjl.2004.07.008. PMid:16427582.

Gudehus T, Sod GA, Riggs LM, Mitchell CF, Martin GS. 
An in vitro biomechanical comparison of equine proximal 
interphalangeal joint arthrodesis techniques: two parallel 
transarticular headless tapered variable pitch screws versus 
two parallel transarticular AO cortical bone screws inserted 
in lag fashion. Vet Surg. 2011;40(3):261-5. http://dx.doi.
org/10.1111/j.1532-950X.2011.00817.x. PMid:21361995.

Herthel TD, Rick MC, Judy CE, Cohen ND, Herthel DJ. 
Retrospective analysis of factors associated with outcome 
of proximal interphalangeal joint arthrodesis in 82 horses 
including Warmblood and Thoroughbred sport horses and 
Quarter Horses (1992-2014). Equine Vet J. 2016;48(5):557-
64. http://dx.doi.org/10.1111/evj.12503. PMid:26289294.

Kawcak CE, Barrett MF. Proximal interphalageal joint. In: 
McIlwraith CW, Frisbie DD, Kawcak CE, van Weeren R. 
Joint disease in the horse. 2nd ed. Saint Louis: Elsevier; 
2016. p. 295-301.

Knox PM, Watkins JP. Proximal interphalangeal joint 
arthrodesis using a combination plate-screw technique in 53 
horses (1994-2003). Equine Vet J. 2006;38(6):538-42. http://
dx.doi.org/10.2746/042516406X154840. PMid:17124844.

Latorre CAS, de Souza AF, Ramos PAR, Nóbrega FS, van 
de Graaf GMM, Pereira CAM, Ferrigno CRA, Hendrickson 
DA, De Zoppa ALDV. Comparison of a 3-hole 4.5-mm 
dynamic compression plate and a 7-hole 5.5-mm Y 
locking compression plate for arthrodesis of the proximal 
interphalangeal joint in horses - An ex vivo biomechanical 
study. J Equine Vet Sci. 2020;94:103252. http://dx.doi.
org/10.1016/j.jevs.2020.103252. PMid:33077103.

Levet T, Martens A, Devisscher L, Duchateau L, Bogaert 
L, Vlaminck L. Distal limb cast sores in horses: risk factors 
and early detection using thermography. Equine Vet J. 
2009;41(1):18-23. http://dx.doi.org/10.2746/042516408X343046. 
PMid:19301577.

Levine DG, Richardson DW. Clinical use of the locking 
compression plate (LCP) in horses: A retrospective study of 
31 cases (2004-2006). Equine Vet J. 2007;39(5):401-6.  http://
dx.doi.org/10.2746/042516407X196555. PMid:17910263.

Lischer CJ, Auer JA. Arthrodesis techniques. In: Auer JA, 
Stick JA, Kummerle JM, Prange T. Equine surgery. 5th 
ed. Saint Louis: Elsevier; 2019. p. 1374-98. http://dx.doi.
org/10.1016/B978-0-323-48420-6.00082-X. 

Litwiniuk M, Grzela T. Amniotic membrane: new concepts 
for an old dressing. Wound Repair Regen. 2014;22(4):451-
6. http://dx.doi.org/10.1111/wrr.12188. PMid:25041617.

MacLellan KNM, Crawford WH, MacDonald DG. Proximal 
interphalangeal joint arthrodesis in 34 horses using two parallel 
5.5-mm cortical bone screws. Vet Surg. 2001;30(5):454-9. 
http://dx.doi.org/10.1053/jvet.2001.25873. PMid:11555821.

https://doi.org/10.1111/evj.12012
https://doi.org/10.1111/evj.12012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23253080&dopt=Abstract
https://doi.org/10.1016/S0749-0739(17)30358-9
https://doi.org/10.1016/S0749-0739(17)30358-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7987720&dopt=Abstract
https://doi.org/10.1002/9781119276715.ch1
https://doi.org/10.1002/9781119276715.ch1
https://doi.org/10.1055/s-0039-1677747
https://doi.org/10.1055/s-0039-1677747
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30847872&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2000.00152.x
https://doi.org/10.1111/j.1532-950X.2000.00152.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10730708&dopt=Abstract
https://doi.org/10.1177/1759720X19864492
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31384314&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31384314&dopt=Abstract
https://doi.org/10.2460/ajvr.2000.61.326
https://doi.org/10.2460/ajvr.2000.61.326
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10714527&dopt=Abstract
https://doi.org/10.1016/j.tvjl.2004.07.008
https://doi.org/10.1016/j.tvjl.2004.07.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16427582&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2011.00817.x
https://doi.org/10.1111/j.1532-950X.2011.00817.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21361995&dopt=Abstract
https://doi.org/10.1111/evj.12503
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26289294&dopt=Abstract
https://doi.org/10.2746/042516406X154840
https://doi.org/10.2746/042516406X154840
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17124844&dopt=Abstract
https://doi.org/10.1016/j.jevs.2020.103252
https://doi.org/10.1016/j.jevs.2020.103252
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33077103&dopt=Abstract
https://doi.org/10.2746/042516408X343046
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19301577&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19301577&dopt=Abstract
https://doi.org/10.2746/042516407X196555
https://doi.org/10.2746/042516407X196555
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17910263&dopt=Abstract
https://doi.org/10.1016/B978-0-323-48420-6.00082-X
https://doi.org/10.1016/B978-0-323-48420-6.00082-X
https://doi.org/10.1111/wrr.12188
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25041617&dopt=Abstract
https://doi.org/10.1053/jvet.2001.25873
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11555821&dopt=Abstract


10/11

Braz J Vet Res Anim Sci. 2021;58:e178586

McIlwraith CW, Frisbie DD. Microfracture: basic science 
studies in the horse. Cartilage. 2010;1(2):87-95. http://
dx.doi.org/10.1177/1947603510367427. PMid:26069539.

McIlwraith CW, Goodman NL. Conditions of the interphalangeal 
joints. Vet Clin North Am Equine Pract. 1989;5(1):161-
78. http://dx.doi.org/10.1016/S0749-0739(17)30609-0. 
PMid:2650829.

Oliveira VA, Alvarenga J. Membrana amniótica preservada 
em glicerina no reparo de feridas cutâneas de membros 
locomotores de eqüinos. Cienc Rural. 1998;28(4):623-8. 
http://dx.doi.org/10.1590/S0103-84781998000400014.

Parks A. Form and function of the equine digit. Vet Clin 
North Am Equine Pract. 2003;19(2):285-307, v. http://dx.doi.
org/10.1016/S0749-0739(03)00018-X. PMid:14575161.

Penraat JH, Allen AL, Fretz PB, Bailey JV. An evaluation 
of chemical arthrodesis of the proximal interphalangeal 
joint in the horse by using monoiodoacetate. Can J Vet 
Res. 2000;64(4):212-21. PMid:11041498.

Perren SM, Buchanan JS. Basic concepts relevant to the 
design and development of the Point Contact Fixator 
(PC-Fix). Injury. 1995;26(Suppl. 2):SB1-4. http://dx.doi.
org/10.1016/0020-1383(95)96891-7.

Pollitt CC. Clinical anatomy and physiology of the normal 
equine foot. Equine Vet Educ. 1992;4(5):219-24.  http://
dx.doi.org/10.1111/j.2042-3292.1992.tb01623.x.

Read EK, Chandler D, Wilson DG. Arthrodesis of the equine 
proximal interphalangeal joint: A mechanical comparison 
of 2 parallel 5.5 mm cortical screws and 3 parallel 5.5 mm 
cortical screws. Vet Surg. 2005;34(2):142-7.  http://dx.doi.
org/10.1111/j.1532-950X.2005.00022.x. PMid:15860105.

Rocconi RA, Carmalt JL, Sampson SN, Elder SH, Gilbert 
EE. Comparison of limited-contact dynamic compression 
plate and locking compression plate constructs for proximal 
interphalangeal joint arthrodesis in the horse. Can Vet J. 
2015;56(6):615-9. PMid:26028685.

Sakai RR, Goodrich LR, Katzman SA, Moorman VJ, 
Leise BS, Kawcak CE, Galuppo LD. Use of a locking 
compression plate for equine proximal interphalangeal 
joint arthrodesis: 29 cases (2008–2014). J Am Vet Med 
Assoc. 2018;253(11):1460-6. http://dx.doi.org/10.2460/
javma.253.11.1460. PMid:30451612.

Schaer TP, Bramlage LR, Embertson RM, Hance S. Proximal 
interphalangeal arthrodesis in 22 horses. Equine Vet J. 

2010;33(4):360-5. http://dx.doi.org/10.2746/042516401776249552. 
PMid:11469768.

Schneider JE, Carnine BL, Guffy MM. Arthrodesis of the 
proximal interphalangeal joint in the horse: a surgical 
treatment for high ringbone. J Am Vet Med Assoc. 
1978;173(10):1364-9. PMid:365842.

Schneider RK, Bramlage LR, Hardy J. Arthrodesis of the 
distal interphalangeal joint in two horses using three 
parallel 5.5-mm cortical screws. Vet Surg. 1993;22(2):122-
8. http://dx.doi.org/10.1111/j.1532-950X.1993.tb01685.x. 
PMid:8511845.

Schumacher J, Livesey L, DeGraves FJ, Schumacher 
J, Schramme MC, Hathcock J, Taintor J, Gomez J. 
Effect of anaesthesia of the palmar digital nerves 
on proximal interphalangeal joint pain in the horse. 
Equine Vet J. 2004;36(5):409-14. http://dx.doi.
org/10.2746/0425164044868404. PMid:15253081.

Scott M. Musculoskeletal injuries in nonracing Quarter 
Horses. Vet Clin North Am Equine Pract. 2008;24(1):133-52. 
http://dx.doi.org/10.1016/j.cveq.2007.11.006. PMid:18314040.

Seo JP, Yamaga T, Tsuzuki N, Yamada K, Haneda S, 
Furuoka H, Sasaki N. In vitro biomechanical comparison 
of a 5-hole 4.5 mm locking compression plate and 5-hole 
4.5 mm dynamic compression plate for equine proximal 
interphalangeal joint arthrodesis. Vet Surg. 2014;43(5):606-
11. http://dx.doi.org/10.1111/j.1532-950X.2014.12164.x. 
PMid:24512440.

Sod GA, Mitchell CF, Hubert JD, Martin GS, Gill MS. 
In vitro biomechanical comparison of equine proximal 
interphalangeal joint arthrodesis techniques: prototype 
equine spoon plate versus axially positioned dynamic 
compression plate and two abaxial transarticular cortical 
screws inserted in lag fashion. Vet Surg. 2007;36(8):792-
9. http://dx.doi.org/10.1111/j.1532-950X.2007.00338.x. 
PMid:18067621.

Sod GA, Riggs LM, Mitchell CF, Hubert JD, Martin GS. 
An in vitro biomechanical comparison of equine proximal 
interphalangeal joint arthrodesis techniques: an axial 
positioned dynamic compression plate and two abaxial 
transarticular cortical screws inserted in lag fashion versus 
three parallel transarticular. Vet Surg. 2010;39(1):83-90. 
http://dx.doi.org/10.1111/j.1532-950X.2009.00615.x. 
PMid:20210950.

Sod GA, Riggs LM, Mitchell CF, Martin GS. A mechanical 
comparison of equine proximal interphalangeal joint 

https://doi.org/10.1177/1947603510367427
https://doi.org/10.1177/1947603510367427
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26069539&dopt=Abstract
https://doi.org/10.1016/S0749-0739(17)30609-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2650829&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2650829&dopt=Abstract
https://doi.org/10.1590/S0103-84781998000400014
https://doi.org/10.1016/S0749-0739(03)00018-X
https://doi.org/10.1016/S0749-0739(03)00018-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14575161&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11041498&dopt=Abstract
https://doi.org/10.1016/0020-1383(95)96891-7
https://doi.org/10.1016/0020-1383(95)96891-7
https://doi.org/10.1111/j.2042-3292.1992.tb01623.x
https://doi.org/10.1111/j.2042-3292.1992.tb01623.x
https://doi.org/10.1111/j.1532-950X.2005.00022.x
https://doi.org/10.1111/j.1532-950X.2005.00022.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15860105&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26028685&dopt=Abstract
https://doi.org/10.2460/javma.253.11.1460
https://doi.org/10.2460/javma.253.11.1460
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30451612&dopt=Abstract
https://doi.org/10.2746/042516401776249552
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11469768&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11469768&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=365842&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.1993.tb01685.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8511845&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8511845&dopt=Abstract
https://doi.org/10.2746/0425164044868404
https://doi.org/10.2746/0425164044868404
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15253081&dopt=Abstract
https://doi.org/10.1016/j.cveq.2007.11.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18314040&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2014.12164.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24512440&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24512440&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2007.00338.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18067621&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18067621&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2009.00615.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20210950&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20210950&dopt=Abstract


11/11

Braz J Vet Res Anim Sci. 2021;58:e178586

arthrodesis techniques: An axial locking compression plate 
and two abaxial transarticular cortical screws versus an axial 
dynamic compression plate and two abaxial transarticular 
cortical sc. Vet Surg. 2011;40(5):571-8. http://dx.doi.
org/10.1111/j.1532-950X.2011.00830.x. PMid:21521241.

Souto MTM, Fantoni DT, Hamaji A, Hamaji M, Vendruscolo 
CP, Otsuki DA, Pinto ACB, Ambrósio AM. Ultrasound-
guided continuous block of median and ulnar nerves 
in horses: development of the technique. Vet Anaesth 
Analg. 2020;47(3):405-13. http://dx.doi.org/10.1016/j.
vaa.2019.12.008. PMid:32249126.

Souza AF, Nóbrega FS, Spagnolo JD, Corrêa RR, Silva LCLC, 
Zoppa ALV. Cirurgia ortopédica em equinos no Brasil: 
Evolução e estudo retrospectivo dos casos de fraturas no 
Serviço de Cirurgia de Grandes Animais da Universidade 
de São Paulo (1997-2019). Ars Vet. 2020a;36(2):98. http://
dx.doi.org/10.15361/2175-0106.2020v36n2p98-108.

Souza AF, Paretsis NF, Zoppa ALV. What is the evidence 
of hyaluronic acid and polyacrylamide hydrogel in intra-
articular therapy in equines? Systematic literature review. J 
Equine Vet Sci. 2020b;86:102909. http://dx.doi.org/10.1016/j.
jevs.2019.102909. PMid:32067659.

Steenhaut M, Verschooten F, Moor A. Arthrodesis of the 
pastern joint in the horse. Equine Vet J. 1985;17(1):35-40. 
http://dx.doi.org/10.1111/j.2042-3306.1985.tb02036.x. 
PMid:3979371.

Trotter GW, McIlwraith CW, Norrdin RW, Turner AS. 
Degenerative joint disease with osteochondrosis of the 
proximal interphalangeal joint in young horses. J Am Vet 
Med Assoc. 1982;180(11):1312-8. PMid:7096172.

Vidović A, Jansen D, Schwan S, Goldstein A, Ludtka C, 
Brehm W. Arthrodesis of the equine proximal interphalangeal 
joint: A biomechanical comparison of 2 different LCP 
systems. Tierärztliche Prax Ausgabe G Großtiere Nutztiere. 
2020;48(1):25-34. https://doi.org/10.1055/a-1067-3819.

Watkins JP. Arthrodesis of the proximal interphalangeal 
joint. In: Nixon AJ. Equine fracture repair. 2nd ed. Hoboken: 
Wiley; 2020. p. 277-94.

Watt BC, Edwards RB 3rd, Markel MD, McCabe R, Wilson 
DG. Arthrodesis of the equine proximal interphalangeal 
joint: A biomechanical comparison of two 7-hole 3.5-mm 
broad and two 5-hole 4.5-mm narrow dynamic compression 
plates. Vet Surg. 2002;31(1):85-93. http://dx.doi.org/10.1053/
jvet.2002.29457. PMid:11778172.

Wolker RRE, Carmalt JL, Wilson DG. Arthrodesis of the 
equine proximal interphalangeal joint: A biomechanical 
comparison of two parallel headless, tapered, variable-
pitched, titanium compression screws and two parallel 5.5 
mm stainless-steel cortical screws. Vet Surg. 2009;38(7):861-
7.  http://dx.doi.org/10.1111/j.1532-950X.2009.00574.x. 
PMid:19781029.

Wolker RRE, Wilson DG, Allen AL, Carmalt JL. Evaluation 
of ethyl alcohol for use in a minimally invasive technique 
for equine proximal interphalangeal joint arthrodesis. Vet 
Surg. 2011;40(3):291-8.  http://dx.doi.org/10.1111/j.1532-
950X.2010.00794.x. PMid:21244446.

Zoppa ALV, Santoni B, Puttlitz CM, Cochran K, Hendrickson 
DA. Arthrodesis of the equine proximal interphalangeal 
joint: A biomechanical comparison of 3-hole 4.5 mm 
locking compression plate and 3-hole 4.5 mm narrow 
dynamic compression plate, with two transarticular 5.5 mm 
cortex screws. Vet Surg. 2011;40(2):253-9.  http://dx.doi.
org/10.1111/j.1532-950X.2010.00792.x. PMid:21244444.

Zubrod CJ, Schneider RK. Arthrodesis techniques in horses. 
Vet Clin North Am Equine Pract. 2005;21(3):691-711, vii.  
http://dx.doi.org/10.1016/j.cveq.2005.07.004. PMid:16297728.

Zubrod CJ, Schneider RK, Hague BA, Ragle CA, Gavin PR, 
Kawcak CE. Comparison of three methods for arthrodesis of 
the distal intertarsal and tarsometatarsal joints in horses. Vet 
Surg. 2005;34(4):372-82. http://dx.doi.org/10.1111/j.1532-
950X.2005.00057.x. PMid:16212593.

Financial Support: This study was financed in part by 
the Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior - Brasil (CAPES) - Finance Code 001

Author Contributions: AFS and ALVZ preparated and 
final approved of the manuscript.

https://doi.org/10.1111/j.1532-950X.2011.00830.x
https://doi.org/10.1111/j.1532-950X.2011.00830.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21521241&dopt=Abstract
https://doi.org/10.1016/j.vaa.2019.12.008
https://doi.org/10.1016/j.vaa.2019.12.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32249126&dopt=Abstract
https://doi.org/10.15361/2175-0106.2020v36n2p98-108
https://doi.org/10.15361/2175-0106.2020v36n2p98-108
https://doi.org/10.1016/j.jevs.2019.102909
https://doi.org/10.1016/j.jevs.2019.102909
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32067659&dopt=Abstract
https://doi.org/10.1111/j.2042-3306.1985.tb02036.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3979371&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3979371&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7096172&dopt=Abstract
https://doi.org/10.1053/jvet.2002.29457
https://doi.org/10.1053/jvet.2002.29457
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11778172&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2009.00574.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19781029&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19781029&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2010.00794.x
https://doi.org/10.1111/j.1532-950X.2010.00794.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21244446&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2010.00792.x
https://doi.org/10.1111/j.1532-950X.2010.00792.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21244444&dopt=Abstract
https://doi.org/10.1016/j.cveq.2005.07.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16297728&dopt=Abstract
https://doi.org/10.1111/j.1532-950X.2005.00057.x
https://doi.org/10.1111/j.1532-950X.2005.00057.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16212593&dopt=Abstract

