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Since the term "disease" implies a specific caungka single treatment, it is suggested that
the term "navicular syndrome" be used to deschbecbmplex etiologies and pathogenic
mechanisms involved in the production of clinidghs associated with the navicular region.
Importantly, not all lamenesses associated witlptimar aspect of the hoof should be labeled
"navicular syndrome", and this term should be ne=#for chronic bilateral forelimb lamenesses
that fit a specific set of diagnostic criteria.ifPalicited with hoof testers applied over the caht
one-third of the frog is an important diagnostitezion.

Etiology

Ischemia

Thrombosis and/or atherosclerosis of the navicartaries within the navicular bone and
partial or complete occlusion of the digital artsrat the pastern or fetlock region results in
ischemia. These opinions, however, lack suppsttempts to induce navicular syndrome by
ligation of the digital arteries with and withouwturectomy; and occlusion of the ramus
navicularis arteries distally failed to producdilag clinical, radiographic, or pathologic changes
of navicular syndrome. Further fluorescent bomeliag techniques and microradiography, in
navicular syndrome cases, has shown increasedcrgadgation and bone remodeling.

Biomechanical

Degenerative changes result from nonphysiologicef® exerted on the navicular bone and
supporting ligaments is the cause. Tension ackirgugh the DDFT compresses the N.B. against
the distal and middle phalanges (fig 1). Additibnahe navicular ligaments and the DDFT are
tensed as the hoof breaks over at the end of éineespphase. Excessive tension develops when
the hoof pastern axis is broken backward and tekiseinder run.

Fig 1, lllustrates tension on the DDFT during ttense
phase of the stride results in pressure on thecakavi
bone. The supporting ligaments are also underdansi
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Proposed pathogenesis

Abnormal biomechanical forces are considered tam mtiologic factor. With minor
conformational abnormalities, these forces remayslogic, serving to stimulate remodeling
of the navicular bone and probably the supporctires. With severe conformational abnor-
malities, nonphysiologic forces exerted primarifytbe distal third of the flexor cortex of the
navicular bone begin the pathologic process tHatt fibrocartilage and underlying bone and
marrow cavities. The microscopic changes inclubalf degeneration, cartilage erosion, sub-
chondral bone sclerosis, focal areas of lysis, ejd@wngestion and fibrosis in the marrow spaces
(fig 2).

Fig 2, Histology showing
remodeling changes

Pain presumably comes from within the bone, amdis@nd strain to the surrounding
supporting soft tissue structures. When bone mapressure exceeds 40 mm Hg in human
patients, they experience pain at rest. Horsds mavicular syndrome have bone marrow
pressures exceeding 50 mm Hg. The venous hypantessen in navicular syndrome is the
cause of bone pain.

Pain from sprain and strain of supporting ligarseantd the deep digital flexor tendon is
also logical. Evidence of enthesophyte formatiorttee extremities and distal border of the
navicular bone has been documented (fig 3). Raaldgc evidence of avulsion fracture at the
distal border of the navicular bone where the inliggment attaches may represent a true
fracture or the development of an enthesophytes déenerally believed that while actively
healing, these sites are a source of pain, andloealed are no longer painful. Tendonitis of the
DDFt could also be a source of pain.

Fig 3, Histology illustrating mineralization in the impleggament




History and clinical signs

History of chronic progressive unilateral or balatl forelimb lameness. Asymmetrical
lameness is common (incidence 96%). Selective poibting is seen in 60% of cases and
atrophy of extensor muscles of the most lame lisndelen in 75% of cases. Hoof imbalances
(LM and DP) are common (incidence 35-45%) (Fige#ftgl center). One forefoot may be
smaller and more upright than the other (incide8@®0%) (Fig 4, right). The heels in one or
both feet may be contracted. Collapsing of one tsesten uncommonly.

Fig 4, Notes:

At the trot, horses will have a shuffling gait asairy the head and neck stiffly; frequency
of toe first contact is 97%. Circling in eitherelition, the lameness is exaggerated on the inside
limb. The horse may carry the head and neckys#ffild to the outside of the circle.

Hoof testers examination with nonfatigable paierae central third of the frog is
necessary for the clinical diagnosis of naviculgrdsome in most cases (Fig 5 left). The distal
palmar pastern region down to and between thetheéles should be palpated for swelling and
pain indicating tendonitis of the DDFT (Fig 5 cantéf a painful response is elicited the
ultrasound exam should be done (fig 5 right)

Fig 5 Notes:

Many horses with navicular syndrome will reactipesly to a phalangeal flexion test, as
this test not only increases the compression oh#wicular bone between the middle and distal
phalanges but also stresses the soft tissue sugptre navicular bone. The palmar hoof wedge
test or the extension test may be used.



Diagnostic procedures

Palmar digital nerve blocks axial to the collatestilage are important in localizing the
site of pain to the palmar aspect of the foot. 8890% improvement should be seen.

Intrasynovial anesthesia of the coffin joint (O} can also eliminate the lameness
associated with navicular region pain because é¢nees supplying this region are located sub-
synovial. In one study, DIP Jt anesthesia imprdaeteness in 92% of horses with palmar hoof
pain. In another study with lameness induced [®ction of amphotericin into the navicular
bursa, lameness reduction was seen within 5-30tesraf injection of the DIP joint.
Intrasynovial of the coffin joint has also beenwhdo eliminate lameness associated with solar
induced pain.

Radiographs

Flask-shaped (lollipop) fossae are seen in ontg 40 horses with navicular syndrome and
are also seen in a percentage of normal horsdsrged synovial fossae by themselves are not a
reliable radiographic indication of navicular syodire.

Loss of the flexor cortex indicates degeneratioth possibly adhesions between the navi-
cular bone and deep flexor tendon (fig 6 left).st@ychanges have been associated histologically
with changes in the blood supply to the bone, anbably are a significant change. Loss of a
distinct flexor cortex and medullary cavity of thavicular bone, as seen on the tangential view,
is an important radiographic finding. This chamgeeen in up to 80% of horses with navicular
syndrome but in less than 20% of horses withouiadi signs. Sclerosis of the medullary cavity
of the navicular bone may also be seen in the taradeview of horses with navicular syndrome
(fig 6 right). Roughening and lysis of the flexaartex is an important finding (fig 6 left).

Fig 6, Left and right.
Notes:

Osteophytes may be associated with pain during deeelopment but once
radiographically visible, they are of questionaditgificance.

Nuclear medicine (NM)
Nuclear medicine can identify early alteration®ane metabolism; therefore, it is
probably most useful in cases where radiographangés are not apparent.



Ultrasound

Ultrasound is valuable in determining if the saédstie support structures are involved and
if they are to what extent. This exam is indicatden there is a very positive hoof tester signs of
pain, an very painful phalangeal flexion test, #m&radiographic exam is within normal limits.
The exam can identify desmitis of the suspensagy7(bottom center) and impar ligaments (fig
7 bottom far right), increased navicular bursadifig 7 top right) and enthesiopyte formation at
the soft tissue attachments (fig 7 bottom far jight

Fig 7, Left: normal anatomy. Top center:
normal saggital US of suspensory
ligament Bottom center desmitis of the.
Top right fluid in the navicular bursa
Bottom right impar ligament desmitis +
Tendonitis of the DDFT.

Notes:

Computed tomography (CT)
Computed tomography improves the ability to evidube wings, articulation, and flexor
surface and associated ligaments of the navicolae lsompared to plain radiography.

Magnetic resonance imaging (MRI)

MRI is proving to be very valuable in the differetion of injury to the navicular bone,
associated ligaments and the deep digital flexwtda. It also allows the examiner to identify
radiographic occult lesions in other bone strugure

Treatment of navicular syndrome
A variety of treatments make the efficiency opadfic treatment difficult to assess.

Rest and controlled exercise

Rest allows soft tissue inflammation to subsi@enerally three weeks complete rest is
recommended. Controlled exercise is recommendadglthe fourth week (walking 10 minutes
twice times a day). Fifth week exercise at a{tétminutes at a trot will increase blood flow to
the foot by 95%). Sixth week reevaluate.



Corrective trimming and shoeing

Most would agree that corrective trimming and shgés the basis for treatment for
navicular syndrome for many horses will responafably to this without need for further
medical or surgical therapy. In one study, improeat in clinical signs within three months of
initiation of treatment was seen, and 86% of thesé®remained free of lameness for one year.
In another study, 73% (22/30) of the horses exinipisigns of navicular syndrome improved one
grade in lameness after 6 weeks following correctiimming and shoeing; no long term follow
-up was available. The aims of trimming and shgaire to: 1) restore normal foot balance; 2)
correct foot problems such as shearing of the gusaend heels, underrun heels, and heel bulb
contraction3) reduce biomechanical forces on the naviculaore@nd 4) protect the injured
region.

In order to accomplish these aims, the trimming shoeing principles to achieve natural
balance, outlined by Ovnicek 1997, are recommend@dt only the loose flaky sole (exfoliating
epidermis) is removed down to the deeper non-extfaly epidermis referred to as the sole plane
(where the sole becomes wax-like). The frog is thenmed of loose undermined epidermis,
thus exposing the true apex of the attached frogtlaa firm sole. The transition zone between
the attached frog and sole is identified by a cdlfference; the frog is darker and the sole lighte
in color. A transverse line (TL) is then drawrtla¢ widest part of the foot. This TL is usually
close to a reference point 3/4 of an inch palmahécapex of the trimmed frog (fig 8 left). This
point on the frog is often where the bars end. ilde@gg at the TL the wall is trimmed flat
toward the heels, so the heels terminate at theswiohrt of the frog. This generally requires
removing the heel so that the hoof wall is aboi61fo 1/8" from the sole plane at the deepest
part at the quarters. Each side of the hoof wallepared so that the sole plane depth to the
ground surface is equal. The sensitive sole abhdlets should not contact the ground. Next the
foot is trimmed forward from the TL to the toe &atthere is about 1/16" of sole clearance. The
sole callus inside the white line is left intag (B right small arrows). This modified sole is
believed to important for the support of the digtahlanx. At this time the horse should be
walked on a hard flat surface to assess DP andyMrdic balance. Further trimming to correct
the imbalance is done if necessary. In cases whereorse still has a broken backward foot
pastern (FP) axis or has a tendency to land tek fire heel may have to be elevated when a shoe
is applied. Elevating the heel can establish a abFR axis and a heel first contact at a walk.
Heel elevation can be accomplished with wedge shvoedge pads, or wedge rails added to the
Equine digital support system (EDSS) shoe. The @tdge of the EDSS system is that there are
three heights of wedge rails to select from ang Hre easy to apply and remove from the shoe.

Fig 8 Natural balance trim
Notes:



The shoe should be applied to enhance (ease)-bueskBreak-over has been defined as
the most dorsal location of the solar aspect ohthaf capsule that contacts the ground during
weight bearing and it is the last part of the hoayfsule to leave the ground in the caudal phase
of the stride. A modified keg shoe or a world racptate is used the break-over should be
between 1"-(small feet); 1.5"-(large feet) dorseltte apex of the frog and the shoe should
extend to the end of the frog. If a natural balastuee is used, the distance from the frog apex to
the inside border of the shoe should be: smallshb@" to 1/4"; medium shoes- 1/4" to 3/8";
large shoes- 3/8" to 1/2".

Alternatively a lateral radiograph of the foot damtaken to define the break-over point of
the shoe in relationship to the location of theadiphalanx. In order to do this the tip of thegfro
and the sole is trimmed until the true apex offthg is identified as it attaches to the sole plane
A thumbtack is then placed at the apex of the &og a metal object (e.g. wire or horseshoe nail)
is taped to the dorsal hoof wall. The metal obghciuld extend to the cornet band with the
proximal aspect of the wire being placed at thetrdistal hair follicles. The horse is then
placed on wood blocks (all 4 limbs is recommendedihe both forelimbs are bearing weight
equally and the fore feet are positioned so theoaepi/metatarsi are perpendicular to the
ground. A lateral radiograph is then taken withhbo¢el bulbs being parallel to the x-ray beam.
Break-over of the shoe is, 0.4 cm for horses weig200-300 kg, 0.5 cm for horses weighing
300-400 kg, 0.6 cm for horses weighing 400-500akgi 0.7 cm for horses weighing 500-600Kkg,
dorsal to the tip of the distal phalankhe distance from the thumbtack to the designatéat of
break-over dorsal to the tip of the distal phalawneasured on the radiograph. This measured
distance is then transferred to the bottom of tioé fising the thumbtack as the reference point
and it is used by the farriers to locate the bread+ point of the shoe dorsal to the apex of the
frog.

Fig 9 Left; radiograph for measure
-ments. Right; natural balance shoe-
ing using a keg shoe. Notes:

When finishing the foot, only remove the flarkattare obvious and undercut the
remaining hoof wall left over the shoe. Do nofr#ise dorsal hoof wall from the center of the
toe back to the shoe. In extreme cases with loag and under-run heels, trimming following the
guidelines described will effectively redistributee weight bearing forces to under the distal
phalanx (fig 10). Once the shoe is applied thed@svalked again on a flat hard surface to
assess dynamic balance and heel first contact.

Fig 10 Left; before
trim. Right: after
shoe is applied.



Egg-bar shoes may be recommended in some cases thbénoof capsule is unstable due
to shearing, or in cases where a large horse hal fet, or where the horses heels are severely
under-run or collapsed. The egg-bar shoe increasesurface area of contact and increases the
stability of the hoof. The shoe should be app#edt is clearly visible at the quarters, and
extends palmar to cover the heels. Nails shouldaatsed past the bend in the quarters in order
to allow heel expansion.

Pads may be used for the first shoeing in someesdhat have very painful responses to
hoof tester pressure over the central third ofithg, or excessive sole pain. In some cases we
recommend applying a frog pad and a two-part ingpoesmaterial under the pad to create
diffuse frog pressure which promotes heel expandibe two part impression material is placed
over the frog and in the sulcus (fig 12). Rollingckering, or squaring the toe of the shoe or
using a natural balance shoe, enhances breaktbusrreducing the stress on the deep digital
flexor tendon. Importantly, although adjustmenthia horse's hoof angles can be made rather
dramatically, the response might be immediate adgal.

Fig 12 Left; 2 part impression material. Right; pad +frog
insert.

Heel elevation

Heel elevation is used in those cases that stiéla toe first landing after they have been
trimmed and shod using the natural balance systehtuane in cases experiencing desmitis of
the suspensory ligament and or tendonitis of th&DDrhe easiest way to accomplish this is to
use the EDSS system which allows the addition ofing size rails to elevate the heels to the
desired height which would achieve a flat or hest fanding (fig 13).
Fig 13 Left; heel elevation with a 3 degree
wedge pad. Right; using rails from the EDSS\
system.



In most cases improvement in clinical signs afterective trimming and shoeing is seen
within six weeks; in some, however it may take tawdhree months. It will likely take months to
achieve a normal hoof conformation and, in somegabe run under heels may be past the
point of return. Additionally, corrective trimmirgnd shoeing is most beneficial when
performed correctly at the earliest onset of chh&gigns.

Medical treatment

Phenylbutazone at low doses is used for 10-14 fdaysain relief and to allow pain-free
adjustment to new shoes and hoof angle.

Isoxsuprine hydrochloride is commonly used inttleatment of navicular syndrome. In
two separate double-blind trials, horses with nalaicsyndrome showed significantly greater
improvement when treated with isoxsuprine HCI coragawvith those treated with a placebo.
Reported success rate is between 40-86%.

Pentoxyfylline and propentofylline are hemorrheptoagents that alter the physical
characteristics of blood. Clinical trials haveritiBed inconsistent results.

Sodium hyaluronate administered intrasynoviallyntravenously. Intrasynovial benefit
has been documented. Anecdotally, there may be semefit to IV hyaluronate.

Polysulfated glycosaminoglycan, administered muacularly, has been shown to have a
benefit in at least one clinical trial.

Intrasynovial therapy of the DIP joint with a dodsteroid and sodium hyaluronate can be
considered if a positive response is obtained firdnasynovial anesthesia.

Intrasynovial injection of a corticosteroid is aftperformed in patients that have not responded
favorably to trimming/shoeing. In a study where toffin joint was injected with Triamicilone
6mag/joint or methylprednisolone 100mg/joint andisod hyaluronate — 20mg, experienced pain
relief 3-12 weeks. Another study found that only/8Lhorses responded favorably. (Dabareiner R
et al: JAVMA, 2004) On the other hand, intrabuisgction of 6mg of triamcinolone +10mg of
HA (+ or —) 125mg Amikacin found 14/25 horses ratd to performance for 1 to 3 years. .1t
was recommended that 2 to 3 degree wedge padpbedagfter the injection.(Dabareiner R et

al: JAVMA, 2004)

Tiludronate, a biphosphonate, has been shown tbiirgsteoclast induced bone
resorption and has a powerful antiinflammatoryeff&ildren, the intravenous form,
administered at 1mg/Kg has been shown to be béaldficeducing lameness in horses suffering
from navicular disease. In this study 67% of theses improved and 50% were no longer lame
at the end of the study. (Denoix JM et al: Eq V&2QD3)

Surgical treatment

Palmar digital neurectomy is done as a last redartv palmar digit nerve blocks should
be done before the surgery to make sure that tindpadequately eliminated. Radiographs
should be taken to make sure that the flexor saerédéi¢he navicular bone appears normal without
indications of adhesions. It should be done inuwoetion with corrective trimming and shoeing
to reduce abnormal forces on the foot and slovwptbgression of the disease.

Navicular suspensory desmotomy involves cuttiregsiispensory ligament of the
navicular bone at its insertions. Although initieports were encouraging, long-term results
indicate an increased incidence of low ring-bone.

Carpal check ligament desmotomy has been usexlanted cases of D-P imbalances. In a
limited study on four horses, a benefit was seifioar horses returned to full use.
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Acupuncture has been shown to improve 40%-50%ehtrses treated. No control studies
have been done.
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