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Racehorses with intermittent dorsal 
displacement of the soft palate (DDSP) 
generally have a history of exercise 
intolerance and may make a gurgling or 
vibrant noise during exhalation.  DDSP 
has a marked effect on performance as it 
causes the soft palate to billow across the 
rima glottidis during exhalation causing 
respiratory obstruction. This has been 
shown to increase tracheal expiratory 
pressure and impedance, cause reduced 
minute ventilation and lead to hypoxia and 
hypercarbia (Holcombe �H�W���D�O. 1997; Franklin 
�H�W�� �D�O. 2002).  DDSP is a dynamic condition 
and occurs most frequently during intense 
exercise.  It is the most common cause of 
dynamic nasopharyngeal collapse identified 
during high speed treadmill endoscopy (Lane 
�H�W�� �D�O. 2006).  It has been suggested that 
the prevalence of DDSP may be around 10-
20% in 2-3 year old racehorses (Ducharme 
2006). 

Recent studies have emphasised the 
importance of the neuromuscular control 
of the soft palate in the pathogenesis of 
DDSP.   A myriad treatments have been 
advocated for DDSP, including the use of a 
tongue-tie, a dropped noseband, a bitless 
bridle, the “Cornell Collar” and simply rest 
and anti-inflammatory treatment.  Surgical 
treatments include thermocautery of the oral 
surface of the soft palate, staphylectomy, 
tension palatopharyngoplasty, tenotomy 
of the sternothyroideus, sternothyrohyoid 
myotomy, epiglottic augmentation, 
thyrohyoid prosthesis (tie-forward) and 
laser treatment of the soft palate. 

It would seem a simple matter to assess 
the efficacy of theses treatments.  DDSP 
is a common condition, which affects 
racehorses, so the horses’ performance is 
a matter of record. However, the studies 
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of the procedures described use varying 
measures of success ranging from owner/
trainer opinion to comparison of measures of 
performance, and few of the studies use case 
controls.  No studies have used the “rating” 
– the subjective measure in lbs awarded 
to horses after each race, either officially, 
for handicapping horses, or unofficially by 
various bodies as an aid to gambling. Prize 
money is the most commonly used means 
of assessment of racehorse performance, 
but has limitations that may make it inferior 
to the use of published ratings.

Thermocautery of the soft palate is one of 
the more commonly undertaken procedures 
for treatment of DDSP, both solely and as 
an adjunct to other airway surgery. The 
technique is simple and unsophisticated.  
Metal rods with a short 90�„ bend are heated 
until red hot using a blow torch (the “B&Q 
laser”, named after the large chain of DIY 
shops in the UK).  Using a custom retractor 
to separate the base of the tongue from the 
palate and a gag to fully open the mouth 
the soft palate is then cauterised until the 
oral surface is completely blackened.  As 
with normal theatre practice the surgeon 
should wear scrubs and a hat (to prevent 
the smell of barbecue soaking into clothes 
and hair) but should not wear a mask (so 
that smoke can be blown out the horse’s 
mouth).  Ordidge (2001) reported a 72% 
success rate associated with the procedure, 
based on perceptions of racehorse trainers. 

Oral palatopharyngoplasty is a procedure 
that was previously commonly performed 
and is still advocated for the treatment of 
intermittent dorsal displacement of the soft 
palate (DDSP).  It is frequently known as 
the Ahern procedure after the surgeon who 
developed the technique.  Anaesthesia is 
maintained using naso-tracheal intubation 
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and the mouth is fully opened with a gag.  
Using long handled instruments an ellipse 
of tissue is resected, typically between the 
two linear folds of the rostral soft palate.  
A full thickness incision is not made, the 
mucosa and glandular layer ventral to the 
aponeurosis only is resected.  This is simpler 
than it sounds, the soft palate is surprisingly 
thick.  The tissue edges are then sutured 
together, to increase the tension in the 
palate.  The procedure is frequently coupled 
with resection of the subepiglottic tissue via 
a ventral laryngotomy.

The tie-forward, the thyrohyoid prosthesis 
procedure, is currently the favoured 
treatment for DDSP, almost internationally.  
The ventral larynx is exposed by a midline 
incision.  A permanent suture with minimal 
stretch (Fibre-Wire®) is anchored in the 
caudal edge of the thyroid cartilage at the 
insertion of the sternothyroid tendon.  Most 
surgeons perform a sternothyroid tenotomy 
at the same time.  The suture is then 
anchored to the basihyoid bone.  The 
initial description of the surgery suggested 
drilling a hole through the basihyoid bone 
but latterly it is preferred to draw the 
suture around the basihyoid, using a large 
needle.  The suture is drawn around the 
opposite side of the bone, so that the lingual 
process prevents the suture slipping off 
(i.e. left thyroid to rostro-right aspect of 
the basihyoid and vice versa).  The head is 
then flexed up about 90�„ and the sutures 
are tightened, until the apex of the thyroid 
cartilages are displaced rostrally under the 
basihyoid.  At Donnington Grove Veterinary 
Surgery the tie forward procedure is almost 
always supplemented by cautery of the soft 
palate.

We reviewed the case records of 
366 Thoroughbreds that underwent 
thermocautery of 
the soft palate at 
Donnington Grove 
Veterinary Surgery 
between January 1999 
and December 2004, 
of 78 Thoroughbreds 
that underwent oral 
palatopharyngoplasty 
at the University of 
Bristol Vet School 
between December 
1995 and January 
1998 and of 95 horses 
that underwent a tie-

forward procedure at Donnington Grove 
Veterinary Surgery subsequent to November 
2002.  The diagnosis of DDSP was based on 
clinical signs such as respiratory noise and 
poor performance, associated with resting 
endoscopy of the upper respiratory tract 
to rule out other causes of upper airway 
noise or poor performance.  A proportion of 
horses had undergone treadmill endoscopy 
but generally diagnosis was established at 
rest.  

Horses were excluded if they did not have 
a minimum of three pre and post procedure 
races.  Pre- and post- procedure “Racing 
Post” Ratings (RPR) (published as part of 
the Racing Post website), Earnings and a 
“Performance Index” (PI) (three points for 
first, two for second, one for third) were 
obtained.  Two age, sex and racing yard 
matched control horses with the same 
inclusion criteria were selected for each 
treated horse.  Pre- and Post- procedure 
performance was compared for treated and 
control horses using regression analysis.

One hundred and ten horses met the 
inclusion criteria for the soft palate cautery 
study and two hundred and fifty six horses 
were eliminated from the study: 78 horses 
(31%) ran less than three times before 
surgery, 64 horses (25%) ran less than 
three times after surgery, 44 horses (17%) 
were in training but did not race and 70 
horses (27%) could not be matched with 
two age, sex and yard matched controls.

The 110 horses consisted of 74 (67%) 
males (61 geldings and 36 intact) and 13 
(12%) females. The median age was four 
years (range 2-9 years). The median time 
to first start after surgery was 73 days 
(range 20-906 days). Sixty three (57%) of 
the horses were in training for flat racing 
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and the remaining 42 (43%) horses were 
jumpers.  The changes in performance from 
before the date of the procedure to after 
the date of the procedure for treated and 
control horses is shown below.
 
There was no significant effect of the 
procedure on the change in median Racing 
Post Rating (P= 0.634) or change in total 
Earnings (P=0.791). There was a significant 
effect of the procedure on the change in 
median performance index (P=0.015) with 
significantly more treated horses achieving 
an improved performance index and fewer 
acquiring a worse performance index than 
matched control horses. 

Following oral palatopharyngoplasty there 
was no significant effect of the procedure 
on the change in median racing post ratings 

(P=0.860), change in median earnings 
(P=0.200) though there was a trend for 
mean performance index (0.076) in the time 
period studied.  The results are summarised 
below.

The results of the tie forward procedure are 
incomplete at the moment.  However, of 95 
horses, only 30 fulfilled the criteria of three 
races before and after surgery.  Of these 
only 11 (36%) achieved a higher median 
rating after surgery.

These results do not make comfortable 
reading for anyone with an interest in 
surgery for dorsal displacement of the 
soft palate.  There is very little objective 
evidence that any of the procedures achieve 
anything.  There is good correlation between 
Ratings and Earnings, but the Performance 
Index is more variable.

Change in median Racing 
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34%
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26%
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18%
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No
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18%
n=14

17%
n=26

27%
n=21

23%
n=36

64%
n=50

62%
n=97

Worse 42%
n=33

48%
n=75

33%
n=26

43%
n=67

10%
n=8

20%
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It is still reported in the veterinary literature 
that pelvic fractures in horses are rare and are 
the result of severe trauma such as accidents 
while jumping at high speed.  This is simply 
incorrect.  Pilsworth first began to report the 
frequency of this injury at BEVA in 1993.  
Since then it has become recognised that 
pelvic fractures are one of the commonest 
“stress” fractures of the athletic horse 
(Pilsworth 2002).  Fractures of the ilium 
represent 15% of all fractures in a survey 
of Thoroughbreds in race training in Britain 
(Verheyen and Wood 2004).  Traumatic 
fractures undoubtedly exist, such as can be 
seen in ponies following trailer accidents.  
However many “traumatic” pelvic fractures, 
such as horses becoming cast in a stable, 
are almost certainly pre-existing stress 
fractures, which have become complete 
fractures following a minor trauma.

The anatomy of the pelvis is relatively 
straightforward.  As with all anatomy the 
terminology is adapted rather slavishly from 
human anatomy.  Thus the key point is the 
level of the pelvic brim, the cranial edge of 
the ventral portion of the pelvis.  Cranial 
to this is the greater pelvis and the bone is 
known as the ilium.  In the horse the ilium 
is divided into the shaft, going cranially 
and the wing heading medio-laterally.  The 
lesser pelvis, caudal to the pelvic brim, is 
a complete cavity.  The bone is termed the 
ischium dorsally and the pubis ventrally, 
and it passes caudally to the tuber ischii.  
The wing of the ilium is the origin of gluteal 
musculature.

Pelvic fractures appear to be commonest 
in the Thoroughbred, but do occur in all 
athletic horses.  Therefore the pathogenesis 
may involve galloping, however little detail 
is known of the pathogenesis of these 
fractures relative to condylar fractures of 
the fetlock.  The fractures are not the 
preserve of two year-old horses and occur in 
many ages.  Fractures are frequently seen 
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in National Hunt horses (usually 4 years of 
age or older, which race over jumps).  They 
are also seen in point-to-point horses as 
well (a form of less regulated racing over 
jumps for hunt horses, not necessarily 
Thoroughbred) but are unusual in eventers 
and other slower horses.

The clinical signs of pelvic fractures are 
variable depending on the fracture site.  
Incomplete stress fractures of the ilial 
wing generally present as a low-grade 
non specific hind limb lameness.  There 
are frequently no localising clinical signs 
and there is no pain on palpation of the 
area.  Pelvic asymmetry may be present, 
however this can be present in normal 
horses as well.  Pain on direct downward 
pressure on the tuber sacrale is noticed 
in some horses.  Rest for a limited period 
– (one to two weeks) usually resolves the 
signs of lameness and the horse can be put 
back into exercise.  However lameness will 
usually recur.  This is the clinical challenge 
of pelvic fractures, identifying them at this 
stage.  If the horse is repeatedly exercised 
and rested the fracture will progress and 
will become complete.  By then it is less 
of a diagnostic and more of a therapeutic 
challenge.

Complete displaced pelvic fractures are a 
life threatening condition depending on the 
location of the fracture.  There is usually 
severe pain, presenting as severe lameness 
or even signs of colic.  Horses can be 
difficult to control and to keep standing.  
There is frequently severe swelling of the 
pelvic region, or frequently of the thigh, as 
the haemorrhage “runs downwards”.  There 
may be obvious pelvic asymmetry, though 
this may be more subtle.

The progression of the condition depends 
on the location of the fracture.  Some of 
the most dramatic signs can be associated 
with fractures of the tuber coxa, abaxial to 
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the ilial shaft.  In this situation the “box” 
of the pelvis is not disrupted and the signs 
of lameness will subside over a few days.  
Horses with these fractures are left with 
obvious asymmetry but have a reasonable 
prognosis for athletic activity.  A horse with 
such a fracture was recently the subject 
of a well publicised legal claim in the UK.  
The horse was “passed” at a pre-purchase 
examination, and went on to race 17 times, 
winning twice, being placed five times and 
winning £23,137.  Despite this the owners 
managed to supplement their income by 
successfully suing the vet, mostly due to 
poor certification.

Complete displaced fractures axial to this, 
particularly if they involve the ilial shaft 
have a grave prognosis.  Fatal haemorrhage 
from the obturator or external iliac artery 
is a frequent complication if the vessel 
is lacerated by the sharp edges of the 
fractured bone.  Many horses even without 
fatal haemorrhage will be euthanased due 
to the severe signs of pain.  A crucial 
part of management of these fractures 
is preventing the horse from becoming 
recumbent.  Normal recumbency in the 
box may result in the sharp edges of bone 
lacerating the blood vessels and subsequent 
fatal haemorrhage.  Therefore horses with 
severe pelvic fractures should be tied up 
to prevent them lying down.  Obviously a 
break string is used, so some horses will 
still become recumbent.  We keep severe 
pelvic fractures tied up for six weeks.  We 
also offer food and water from head height.  
However, Pilsworth (2002) recommends 
feeding the horse from the floor, while an 
attendant holds the horse.  This is a wise 
idea – we have observed pleuropneumonia 
in horses tied up for a significant period of 
time.

In severe cases as much analgesia as 
possible is necessary.  Non-steroidal anti-
inflammatory drugs are indicated but are 
usually supplemented with anti-ulcer drugs 
– a bout of colic once the acute crisis 
has been averted is not helpful.  We also 
use acetylpromazine frequently in severe 
cases, and do not hesitate to use epidural 
analgesia, with detomidine, morphine 
and mepivicaine, if indicated.  In dwelling 
epidural catheters can be used to provide 
more prolonged analgesia.

If there is displacement of the fracture 
then changes may be demonstrated on 

ultrasonography of the ilial wing.  New bone 
is also easily visualised but recent irregular 
new bone can be difficult to interpret, as it 
disrupts the echo from the bone surface. 
Using a low frequency, preferably curvilinear 
probe, a good image of the smoothly curved 
ilial wing can be achieved.  Clipping of 
the coat is seldom necessary if the hair is 
soaked with iso-propyl alcohol.  Great care 
must be taken with pelvic ultrasonography, 
as artifacts are easily created.  There is a 
consistent blood vessel in the musculature 
above the mid ilial wing, which creates a 
“lens” effect and produces an apparent 
step in the bone surface, particularly at the 
caudal edge.

Scintigraphy is the diagnostic technique of 
choice for pelvic fractures.  Using a gamma 
camera a simple 2D image of the pelvis is 
acquired, though motion correction software 
is helpful as sedated horses do sway.  The 
only artefact issue is the bladder, which 
generally shows as a very bright area due to 
the urinary excretion of the diphosphonate.  
It is our policy to scan around the bladder, 
ensuring that is does not obscure the relevant 
region, and to mask it with software after 
acquisition.  We do not scan if the bladder 
is particularly full (usually the case on first 
scanning the horse) and return it to the 
stable until urination.  With the use of alpha 
2 agonist agents for sedation urination is 
usually rapid.  We only occasionally use 
frusemide, on horses that appear reluctant 
to urinate.  Both dorsal views and oblique 
views of each ilial wing should be acquired.  

Diagnosis is an economic rather than clinical 
challenge.  A case can be made for doing 
a “bone scan” on all non specific hindlimb 
lameness cases in racehorses, but this is 
frequently not financially possible.  Equally, 
the situation has to be avoided where an 
“X-Ray safari” is followed by a few desultory 
and inconclusive nerve blocks, generating 
a significant bill before undertaking 
scintigraphy.  The issue of destabilisation 
of a hindlimb fracture during examination 
should also not be dismissed.  The author 
has observed fatal destabilisation of a pelvic 
fracture and destabilization of a split pastern 
during lameness examination.

The results of pelvic fractures have not 
been widely analysed.  We conducted a 
retrospective study of all Thorougbred 
racehorses diagnosed with a pelvic stress 
fracture by scintigraphy at Donnington Grove 
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Veterinary Surgery.  It is widely stated that 
the prognosis for non or minimally displaced 
fractures of the ilium is good, comparable 
to other stress fracturs of the limb.  We 
analysed the results of 85 horses with pelvic 
fractures of which only 49 (58%) raced 
again, less than anticipated.  The median 
duration of return to racing was 288 days, 
(79 – 739), with 53% of horses returning to 
racing between 250 and 350 days.  

The age range was from 2 – 11.  Two 
year old horses were the most frequently 
affected (25%) but the median age was 4 
and 32% of horses were aged 6 or more.  
Pelvic fractures were commonest in flat 
racehorses (55% in our series) but occurred 
in National Hunt horses (24%) as well as 
dual purpose animals.  Fractures were left 
sided in 45% of horses, right sided in 31% 
and bilateral in 24%.  In five horses the 
lameness was noted to be in the contra-
lateral limb to a unilateral fracture, and in a 
further two horses the lameness was noted 
to be in the less severely afflicted limb with 
bilateral fractures.

Loss of speed did not appear to be a serious 
issue for horses which returned to racing.  
Of 39 horses which raced before and after 
bone scan, 17 (44%) of horses achieved a 
rating higher than before fracture diagnosis, 
with 6 gaining a rating 25lb or more higher.  
These results are similar to control studies 
we have conducted for other conditions.  
Only 5 horses were rated 25lb or more 
worse than before fracture diagnosis.

Ultrasonographic abnormalities were 
identified subsequent to bone scan diagnosis 
in 35 horses (though only 51 – 60% 
underwent post scintigraphy ultrasound) 
69%.  It should be noted that a large number 
of horses had pelvic fractures diagnosed by 
ultrasonography and thus did not undergo 
scintigraphy and were excluded from the 
study.

We classified the fractures into five separate 
types:

1.  from the ilial shaft along the caudal 
edge of the ilium towards the tuber 
sacrale

 23, of which 12 (52%) raced again
2.  transverse across the ilium axial to the 

ilial shaft

 22, of which 15 (68%) raced again
3.  from the ilial shaft along the caudal 

edge of the ilium towards the tuber 
coxa

 22 of which 10 (46%) raced again
4.  fractures of the ilial shaft
 2 of which 0 raced again
5.  fractures of the ilial wing right across 

from tuber sacrale to tuber coxa
 11, of which 8 (73%) raced again
6.  fractures of the tuber ischii
 5, of which 4 (80%) raced again.

We hypothesised that the fractures abaxial 
to the ilial shaft (type 3) would have a 
better prognosis than fractures axial to 
the ilial shaft (type 1, 2 and 5) as they 
would not destabilise the “box” of the 
pelvis.  However we failed to demonstrate 
this with 46% of horses with fractures 
abaxial racing again and 60% of horses 
with a fracture axial to the shaft racing 
again, p=0.3  Subsequent to this failure we 
hypothesised that fractures which involved 
the ilial shaft (type 1, 3 and 4) would have 
a worse outlook than fractures which only 
involve the rest of the pelvis, (type 2, 5 and 
6).  This was confirmed, with 22/47 horses 
with fractures of the ilial shaft racing again, 
compared with 27/38 horses with fractures 
of the rest of the pelvis, p=0.03.

These results are difficult to interpret due 
to the case selection - by scintigraphy.  
Many cases of pelvic fractures will not have 
warranted the expense of a bone scan, will 
not have been diagnosed, but will have 
been rested and resolved.  Other more 
serious cases will have been diagnosed on 
clinical grounds and will not have undergone 
scintigraphy, and another group will have 
been diagnosed by ultrasonography alone.  
However we concluded that pelvic fractures 
have a worse outlook than previously 
suggested.  For instance Verheyen (2004) 
showed that 75% of British Thoroughbred 
horses managed non surgically for stress 
fractures returned to racing.  In the light of 
these disappointing results there is a case 
for developing a surgical procedure for these 
fractures.  This will be a challenging …
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Almost anyone who has heard of Britain 
knows something of its geology, as most 
people can recall something about the 
“white cliffs of Dover”.  These white cliffs 
are made of chalk, which is also the cause of 
the rolling downlands of much of southern 
England.  Chalk is a porous rock, forming 
a large artesian basin in London – allowing 
the fountains in Trafalgar square to run 
without a pump for several hundred years.  
More important from a veterinary point 
of view, chalk usually has layers of flint 
within it.  Flint is a hard, sedimentary 
cryptocrystalline form of the mineral quartz.  
It has a cleavage plane giving it sharp 
edges; hence it was widely used by primitive 
man for tool manufacture.  By contrast 
with England, South Africa has much more 
ancient volcanic geology.  From a veterinary 
point of view chalk is more profitable than 
Kimberlite pipes, because flints lying in the 
ground frequently result in lacerations to 
the back of the lower limbs.

The digital flexor tendon sheath is a synovial 
structure running from the distal third of 
the metacarpus/metatarsus to the foot 
on the palmar/plantar aspect of the limb.  
Throughout the text palmar and metacarpus 
will be used interchangeably with plantar 
and metatarsus.  The sheath contains the 
superficial and deep digital flexor tendons, 
the �P�D�Q�L�F�D���I�O�H�[�R�U�L�D, digital manica, and the 
palmar annular ligament, which forms the 
wall of the sheath as it passes between the 
proximal sesamoid bones of the metacarpo-
phalangeal joint.  The �P�D�Q�L�F�D�� �I�O�H�[�R�U�L�D, 
situated immediately proximal to the annular 
ligament and joined to the superficial digital 
flexor tendon (SDFT), forms a collar around 
the deep digital flexor tendon (DDFT).  The 
tendon sheath attaches to the proximal 
aspect of the �P�D�Q�L�F�D�� �I�O�H�[�R�U�L�D, resulting in 
a blind ending pouch.  This pouch results 
in four potential spaces in the proximal 
DFTS: palmar to the superficial digital flexor 
tendon, between the superficial and deep 
digital flexor tendons, between the deep 
digital flexor and the �P�D�Q�L�F�D�� �I�O�H�[�R�U�L�D, and 
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dorsal to the �P�D�Q�L�F�D�� �I�O�H�[�R�U�L�D.  The tendon 
sheath has a reflection on the palmar 
aspect of the superficial digital flexor tendon 
proximal to the tendon sheath, which widens 
proximally, resulting in a large non synovial 
area of the palmar superficial digital flexor 
tendon. 

Lacerations to the digital flexor tendon 
sheath are characterised by a penetrating 
injury of the synovial structure, with or 
without damage to its contents.  The nature 
of the injury invariably results in septic 
tenosynovitis.  The clinical signs of tendon 
sheath lacerations are quite typical.  There 
is a wound to the palmar/plantar pastern 
or distal canon, which may be extensive 
(e.g. following wire injuries) but is often 
remarkably small (typically after a flint 
injury).  There is considerable lameness, 
usually far more than would be anticipated 
from the wound itself.  There may be 
synovial discharge from the wound but this 
is not characteristic.  With severe tendon 
laceration sinking of the fetlock or even 
elevation of the toe may be observed.  It 
is imperative to assume lacerations in this 
area involve the tendon sheath, particularly 
if they are associated with lameness.

Diagnosis can be challenging.  Radiography 
is usually unhelpful though in some 
instances air is visible in the proximal 
tendon sheath.  Ultrasonography is always 
used but is frequently disappointing.  
Tendon lacerations are surprisingly hard 
to image.  A complete laceration results in 
loss of echogenicity of much of the tendon 
due to loss of tension.  Partial lacerations 
can be visible but often result in extensive 
loss of echogenicity of this tendon region, 
making accurate assessment of the degree 
of laceration difficult.  Ultrasonographic 
assessment of the amount and echogenicity 
of synovial fluid is very unreliable.  With an 
acute laceration there is usually no effusion 
– the fluid has fallen out of the hole at the 
bottom.  Puncture wounds or iatrogenic 
sepsis following tendon sheath medication 
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may result in a marked effusion of mildly 
echogenic fluid.
Synoviocentesis is the mainstay of diagnosis 
of synovial sepsis.  However tendon sheath 
lacerations usually have minimal effusion, 
as noted above.  The tendon sheath can be 
difficult to tap at the best of times.  Effusion 
usually results in marked distension of the 
proximal pouch, on the lateral and medial 
aspect of the limb proximal to the sesamoid 
bones.  This is a highly vascular part of the 
sheath and very compartmentalised.  Thus 
synoviocentesis in this area is surprisingly 
difficult despite tempting.  The preferred 
pouch for synoviocentesis is the distal pouch, 
on the midline of the pastern.  However 
lacerations frequently involve this area.  
Finally the pouch immediately distal to the 
sesamoid bones can be used, this is where 
arthroscopic surgery is undertaken.  Even 
if successful injection of the tendon sheath 
is achieved, fluid may not be aspirated.  
One of the most valuable techniques in 
the diagnosis of tendon sheath lacerations 
is to inject saline into the tendon sheath, 
while looking for a clear flow of fluid from 
the wound.  Positive contrast radiographic 
agents can be added to the fluid if further 
confirmation is necessary.  We always 
supplement the injection with antibiotics 
such as gentamicin.

It is not infrequent that a diagnosis cannot 
be established.  Either a large laceration 
may occupy the sites of injection, or in 
a hindlimb injection may be difficult or 
impractical.  We consider it quite appropriate 
to anaesthetise horses with suspected tendon 
sheath lacerations on clinical grounds.  It is 
unusual that a suspicion of a tendon sheath 
laceration is not confirmed at surgery.  If it 
is not, it is usually a laceration at the palmar 
aspect of the fetlock, where the laceration 
involves the palmar reflection of the tendon 
sheath.  In this case there can still be 
tendon damage, which is very difficult to 
quantify in the standing horse, so surgical 
debridement is indicated.

The technique of endoscopy (tenoscopy) of 
the digital flexor tendon sheath has been 
described previously (Nixon 1990).  This is 
one of the more challenging arthroscopic 
procedures, particularly in the face of 
tendon laceration.  It is greatly preferred 
to position the horse in lateral recumbency 
with the wound uppermost, such that the 
affected leg is positioned downwards with 
a medial laceration.  On two occasions I 

have performed the surgery with the horse 
in dorsal recumbency, on both occasions 
when the fetlock joint was assumed to be 
the principle structure affected and tendon 
sheath involvement was only diagnosed 
intra-operatively.  It is much harder in 
dorsal!  An Esmarch bandage and tourniquet 
is also recommended.  

In the majority of cases, distension of the 
tendon sheath with sterile saline results in 
leakage of fluid from the original wound.  If 
this can be temporarily occluded by digital 
pressure, distension does make placement 
of the arthroscope easier, but it is less 
essential to distend the sheath than in 
some joints, (particularly the fetlock).  The 
arthroscope portal is 1-2cm distal to the 
sesamoid bones and 1cm palmar to the 
digital vessels.  If distension is achieved 
a pouch can be palpated and the portal is 
made in the centre of this.  The incision is 
made at approximately 30∞ to the proximo-
distal plane, parallel to the digital vessels.  
In horses where the laceration interferes 
with the usual ingress portal, alternative 
portals are used in the proximal or distal 
pouches of the tendon sheath.  However 
the central portal is greatly preferred and is 
used if at all possible.

The structures within the DFTS are examined 
and the sheath lavaged extensively.  It is 
important to “visit” and lavage the four 
pockets of the proximal sheath (palmar to 
the superficial digital flexor tendon, between 
the superficial and deep digital flexor 
tendons, between the deep digital flexor 
and the �P�D�Q�L�F�D�� �I�O�H�[�R�U�L�D, and dorsal to the 
�P�D�Q�L�F�D���I�O�H�[�R�U�L�D) as well as the distal tendon 
sheath dorsal and palmar to the deep digital 
flexor tendon.  The extent of damage to 
the flexor tendons, �P�D�Q�L�F�D���I�O�H�[�R�U�L�D, annular 
ligament and sheath itself are evaluated.  
Damaged areas, synovial hypertrophy, 
fibrin and adhesions are debrided using a 
motorised burr.  Lacerations of the branches 
of the superficial digital flexor tendons do 
not usually impede visualisation and can be 
examined easily from the deep border, by 
redirecting the arthroscope distally.  These 
can be debrided with motorised equipment.

In horses with severe damage to the 
tendons or ligaments and those with large 
wounds, tenoscopy is used to evaluate 
the more proximal and distal portions of 
the sheath but debridement and repair 
of the structures is carried out by direct 
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visualisation with limited enlargement of 
the laceration.  Tendon lacerations can 
make tenoscopic examination of the sheath 
difficult, as tendon without tension will 
bunch up in front of the arthroscope.  
Difficulty visualising the structures should 
raise concern of a tendon laceration.  The 
edges of the severed tendon in this situation 
will require debridement with a scalpel.  
It is quite normal that a large amount of 
the tendon is shredded.  This will require 
resection and may mean that significant 
exposure of the sheath is necessary.  A 
large tendon defect is common, if the 
tendon is sutured then the sutures must be 
stretched across the gap.

Tendon laceration can be treated by 
suturing.  I use sutures of doubled 4 metric 
monofilament nylon placed in a locking loop 
pattern for laceration of greater than 50% 
of a tendon or tendon branch.  However 
there is no evidence that this is beneficial in 
any studies, nor with our results.  The other 
surgeon operating at Donnington Grove 
does not suture tendon lacerations, merely 
debriding to healthy tendon.  The criteria 
used for euthanasia without attempting 
surgical repair at Donnington Grove 
Veterinary Surgery are complete transection 
of one flexor tendon within the tendon 
sheath and greater than 50% transection of 
the other flexor tendon.  We consider this a 
fatal injury and support insurance claims for 
tendon laceration of this magnitude, for all 
but the most valuable breeding prospects.  
Wilderjans (ECVS 2003) has presented 
better results for tendon laceration than 
previously reported, but our results have 
remained disappointing.

We have used gentamicin-impregnated 
collagen matrix (Collatamp®) divided 
and placed in the tendon sheath via the 
arthroscope sleeve but have discontinued 
this since evidence has been produced to 
show that this does not result in higher 
levels of gentamicin in the synovial fluid than 
a single intra-synovial injection.  We have 
used indwelling catheters for post operative 
medication of all synovial structures, but we 
now favour intra-venous regional perfusion.  

Skin lacerations are repaired using a single 
layer of monofilament nylon sutures or are 
left to heal by second intention.  Depending 
on the configuration of the wound the lower 
limb may be placed in a cast.  We prefer to 
apply these post-operatively to the standing 

patient, particularly for a forelimb, but 
would use a cast for anaesthetic recovery 
for horses with sutured tendon lacerations. 

The results of horses with tendon sheath 
lacerations are similar to those for other 
cases of synovial sepsis.  Retrospective 
studies of horses with septic synovitis have 
been performed (Schneider �H�W�� �D�O. 1992) 
as well as septic tenosynovitis.  Honnas 
�H�W�� �D�O. (1991) reported 56% of horses with 
infection of any tendon sheath returned 
to their intended use though only 26% of 
horses returned to athletic use following a 
range of surgical and medical treatments.  
Frees �H�W�� �D�O. 2002 first described a series 
of 20 cases of septic tenosynovitis treated 
tenoscopically and reported 90% survival 
and 50% return to previous use.  Smith 
�H�W�� �D�O (2006) reported only 47% of horses 
returning to previous athletic function.  In 
2004 we published our series of 40 horses 
with tendon sheath lacerations, (Fraser and 
Bladon) and this series now consists of 124 
horses.  

We originally reported that from the total 
population of 40 horses, long term follow-up 
at seven months or longer (7-42 months, 
mean 20.5) showed that ten (25%) were 
dead but 27 (68%) were being used for 
their original or intended purpose.  The case 
series now has 122 horses with follow up 
information over 7 months, 27 (22%) are 
dead following intra-operative euthanasia 
or subsequent euthanasia due to on going 
lameness, three are chronically lame and 
maintained for breeding, but 76 (62%) have 
returned to their original athletic use and a 
further 16 are sound but either ridden at a 
lower level or breeding, giving a “success” 
rate of 75%.   

All surgeons dealing with synovial sepsis 
agree that surgery as soon as possible after 
injury is crucial to success.  However very 
few published papers have managed to 
show any benefit of early surgery.  How you 
interpret this is up to you – it is possible 
that the opinion of the surgeons is incorrect 
– it won’t be the first time that dogma has 
been proved to be incorrect.  Alternatively 
it may be that the studies have not been 
formulated well enough, or the outcome 
measure is not sensitive enough to show this 
difference.  It is one of the major flaws with 
“evidence based medicine” in the veterinary 
field that this has not been proved, either 
way.  Many papers divided horses into those 
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treated before and after seven days.  We 
believed that this interval was too long, that 
a horse with a seven day duration synovial 
sepsis had well established infection with 
a guarded prognosis.  Thus we selected 
36 hours as the appropriate cut off – the 
interval that allows a horse to be operated 
within 24 hours of being found with a wound 
(in most situations).  We showed that of 
the 33 horses allowed to recover from 
anaesthesia, 25 of 28 horses treated within 
36 hours of the original injury returned to 
full work.  Only two of five horses treated 
after 36 hours of injury returned to full 
work.  The difference in these proportions 
was significant (P=0.03), and this remains 
the only paper to show a benefit with early 
surgery in synovial sepsis.  

This significance is now more marked.  84 
horses were sound and 5 were failures when 
treated within 36 hours, compared with 
7 becoming sound and 4 remaining lame 
when treated after 36 hours, (p=0.008, 
Fishers Exact Test).  However compared 
with our original results, only one further 
horse was lost during the longer treatment 
group and five more were successful.  It 
is tempting to imagine that our success 
rate is improving with greater experience 
and more aggressive regional antibiotic 
use.  However when a shorter interval 
from injury to surgery is used, 18 hours, 
then 28 horses were successful and 4 
unsuccessful, compared with 64 successful 
and 11 unsuccessful when treated after 18 
hours from injury, (p=1.0, not significant). 

The more extensive results show that 15/124 
horses were euthanased before or during 
surgery due to severe tendon lacerations.  
15 horses sustained an injury to one of 
the branches of the superficial digital flexor 
tendon, or the superficial digital flexor itself 
below the sesamoidean canal.  11 of these 
horses returned to full exercise, including 7 
that have returned to racing, and a further 

two were sound but retired to stud, a 
success rate of 87%.  

49 horses sustained an injury to the 
superficial digital flexor tendon above or at 
the level of the fetlock, 13 were euthanased 
(10 with concurrent deep digital flexor 
tendon injury).  30 (61%) of horses survived 
and became sound, 23 of these returned to 
the original level of activity, including 17 
racehorses.  The proportion of racehorses in 
this category was much higher – racehorses 
are prone to being struck into by other 
horses, which tends to injure the distal 
cannon region.  Horses returned to racing 
with up to 70% laceration of the superficial 
digital flexor tendon proximal to the fetlock, 
and became sound with 100% laceration.

24 horses sustained injury to the deep digital 
flexor tendon, of which 11 were euthanased, 
5 remained lame or were euthanased after 
surgery, but 8 (33%) became sound, of 
which five returned to athletic activity.  No 
horse with an injury greater than ~ 30% of 
the deep digital flexor tendon survived. 

Tendon sheath lacerations are a common injury 
in equine practice.  In our clinic they are the 
commonest synovial laceration.  The prognosis 
for horses with tendon sheath lacerations is 
good, provided surgery can be undertaken 
rapidly – (within 36 hours).  Surgery is urgent, 
but not an emergency – it is our policy that 
following medication of the tendon sheath 
with antibiotics surgery is undertaken either 
the next day, or later that day, to allow horses 
to stabilise after travelling, racing, hunting, 
etc.  Injuries to the branches of the superficial 
flexor tendons are also associated with a good 
prognosis.  Laceration of the superficial flexor 
tendon proximal to the tendon sheath still has 
a good outlook, particularly for more limited 
lacerations.  Laceration of the deep digital 
flexor tendon has a more guarded outlook, 
but limited lacerations can return to athletic 
activity. 
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Back pain in the horse is notoriously difficult 
to objectively assess.  The clinical signs are 
nebulous and are best assessed by a rider, 
who may be a skilled and reliable judge of 
the horse’s condition, or may be slightly 
lacking in talent and seeking an excuse 
for their poor performance.  CEVA data 
shows that back pain and/or kissing spines 
is the commonest “off label” indication in 
France for tiludronate treatment with a 
high instance of veterinarian satisfaction.  
Clinical signs vary from bucking under 
rider or even during tacking up, through to 
“limited impulsion” or “jumping flat”.
 
At Donnington Grove Veterinary Surgery 
we rely heavily on scintigraphy in the 
investigation of cases presented with this 
type of history.  We try not to neglect clinical 
examination, but do find the signs very 
variable.  The scintigraphic findings can also 
require careful interpretation.  In a series 
we showed that in two-year old horses the 
uptake in the dorsal spinous processes was 
considerably more (when compared to the 
uptake of a rib, usually T14), than it was 
for older horses.  Whether this reflects 
more disease in younger horses, or that 
increased uptake is a “normal abnormality” 
in younger horses is unclear.  However we 
interpret increased uptake of radioisotope 
in the dorsal spinous processes of younger 
horses with caution.  It has been suggested 
that the increased uptake can occur in 
normal horses, questioning the validity of 
any scintigraphic diagnosis (Erichsen �H�W�� �D�O 
2004).

It is our experience that radiography 
correlates better with scintigraphy than 
publicised.  Early in 2002 46 two year 
old horses had their knees and fetlocks 
radiographed at the request of a trainer 
– all these horses had a single radiograph 
of the dorsal spinous processes as well.  
Only six horses had any abnormality and no 
horse had severe abnormalities.  It is very 
rare that scintigraphic increased uptake is 
not associated with quite obvious and often 
severe radiographic changes (Erichsen �H�W���D�O 

2004).  Finally radiographic findings which 
are scintigraphically “cold” are unusual – in 
our experience more so than published 
(Erichsen �H�W�� �D�O 2004).  However we do 
not have objective data on this and most 
horses undergoing back investigations at 
Donnington Grove Veterinary Surgery are 
bone scanned first.

The principle therapy for “kissing spines” 
at Donnington Grove Veterinary Surgery 
is intra-lesional medication with methyl 
prednisolone acetate, usually combined 
with local anaesthetic.  166 horses have 
undergone this treatment.  Radiographic 
screening is preferred and is usually 
used.  Occasional cases are combined with 
shockwave therapy and tiludronate treatment 
is more frequent nowadays.  Response 
to treatment can be used as part of the 
diagnostic process.  We have observed two 
cases of infection following injection, which 
have both responded to a combination of 
topical and systemic antibiotics.

The use of methyl prednisolone acetate, 
particularly in a fibrous area does give 
concern for drug withdrawal times but 
horses are seldom fit enough to compete.  
Some horses are treated with tiludronate as 
well.  The prognosis with back injection is 
fair.  Many horses respond very favourably.  
Whether this is because of the treatment, 
despite it, or due to the intra-muscular 
injection of cortico-steroid is unclear.  A 
proportion of horses return at the start 
of each season for follow up treatment.  
Many other horses appear to “grow out” of 
the condition and further injection is not 
necessary.  

It is considered a good prognostic indicator 
if the injection can be made.  Frequently the 
area is too fibrous and the spinous processes 
are too close to permit medication.  In 
this situation a peri-lesional intra-muscular 
injection is made, by directing the needle 
off the midline.  For us radiographically and 
scintigraphically marked “kissing spines” 
remains a surgical disease

Kissing Spines – Another 
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“Blocking” the back – assessing ridden 
exercise before and after intra-lesional 
medication is widely recommended and 
is simply performed.  It is quite common 
to add corticosteroids into the protocol, 
though this can require some explaining if 
the investigation turns out to be negative.  
However, in our experience it is very rare to 
block a back and have a rider pronounce no 
change.  Generally if this does happen it is 
a highly competent individual.  The majority 
of riders who compete at a low level will 
perceive an improvement following blocking 
the back.  It is unclear if they are subject 
to a “placebo” effect, if there is a genuine 
improvement, or if the horse is moving 
better because the “unbalancing” effect of 
a poor rider is somewhat anaesthetised.  
Hence the logic of using corticosteroids at 
the same time, to allow a few weeks for the 
placebo effect to wear off, for both horse 
and rider.

Surigcal resection of the summits of the 
dorsal spinous processes has been described 
for many years.  Perhaps like superior check 
ligament desmotomy it is a surgery which 
waxes and wanes in popularity.  Extensive 
reviews of cases have been published 
(Walmsley �H�W���D�O 2002) and the surgery has 
recently been described in the standing 
sedated horse (Perkins �H�W���D�O 2005) as well as 
a minimally invasive endoscopic technique 
(Debrosse �H�W�� �D�O 2007).  At Donnington 
Grove Veterinary Surgery we do not have 
experience of the endoscopic technique.  
We have performed the procedure on 29 
horses, of which 10 were undertaken in the 
standing horse.

The technique of standing kissing spine 
resection is relatively straightforward, 
certainly easier than under general 
anaesthesia.  Pre-operative radiography is 
used to identify the processes scheduled for 
removal – these are then marked using a 
skin staple placed just off the midline.

The horse is sedated and positioned in 
stocks. We use detomidine with an opiate 
usually butorphanol or morphine.  Sedation 
can be continued with a drip but topping 
up with further injection appears to work 
satisfactorily and does work out substantially 
cheaper.  The surgical field is anaesthetised 
with injection of copious amounts of local 
anaesthetic.  We use subcutaneous injection 
along the incision line, followed by deeper 

injection in the region of the spines to 
be resected.  Significant volumes of local 
anaesthetic are used, usually ~ 150ml of 
lidocaine with adrenaline for typical resection 
of three spinous processes.  The secret 
to standing surgery is achieving adequate 
analgesia, and we have not observed wound 
healing problems secondary to this volume 
of local anaesthetic.

Opinions differ as to whether all the 
involved bone should be removed, taking a 
large “scoop” out of all the dorsal spinous 
processes, or whether to remove one spinous 
process, leaving the adjacent two in place.  
At Donnington Grove Veterinary Surgery 
the two surgeons differ but I always remove 
the individual alternate spinous processes.

An incision is made over the selected spinous 
process, approximately double the length 
of the spinous process.  Sharp dissection 
is continued through the supraspinous 
ligament down to the surface of the bone.  
Using a #11 scalpel blade the soft tissue 
attachements of the ligament to the spinous 
process are sharply transected.  A portion 
of the width of ligament is removed during 
this process.  It is attempted to minimise 
any dissection of the ligament attached to 
the spinous processes to be left but some 
dissection at the cranial/caudal edge is 
necessary.  

Once the supraspinous ligament is 
separated from the process rib spreaders 
are introduced into the incision and are 
opened to retract the surgical site.  Muscular 
attachments to the lateral borders of the 
supraspinous ligament are minimal and are 
easily separated by further sharp dissection.  
The dorsal spinous process is then resected 
using an oscillating saw, or osteotome and 
mallet.  An oscillating saw is preferred and 
we have not observed complications with 
conscious horses objecting to the noise or 
vibration.  A cut is made obliquely across 
the spinous process, from caudo dorsal to 
cranio ventral.  The cut is not necessarily 
made completely across the process.  
The cut is then repeated in the opposite 
diagonal, to remove a wedge shape from 
the centre of the process.  Further cuts are 
made to remove as much spinous process 
as possible, but complete resection cannot 
be achieved with the saw.  Large duck 
billed rongeurs are then used to remove the 
remainder of the dorsal aspect of the dorsal 
spinous process.
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The incision is then repaired using simple 
continuous sutures of thick material in the 
supraspinous ligament, we use 8metric 
Vicryl®, the same material for closure 
of laparotomy incisions.  Following this 
subcutaneous sutures and skin staples are 
used, the skin staples are reinforced with 
simple interrupted skin sutures every 2cm.  
The procedure is then repeated over the 
next spinous process.  It is quite possible 
to remove alternate spinous processes 
from individual skin incisions, particularly 
caudally where the processes are wider.  It 
may be convenient to remove two processes 
together (to ensure all the “kissing spines” 
are removed.  The two adjacent processes 
are removed from the cranial edge of the 
incision where possible.  Thus a typical case 
might involve resection of T13 and 14, T16 
and T18, through three separate incisions.

The intra-operative pathology is frequently 
very impressive.  There is flaring of the 
spinous processes, wrapping around the 
opposing vertebra, and the spinous process 
has to be ripped off its neighbour, separating 
tight fibrous tissue.  It is very difficult to 
believe that the condition is an insignificant 
finding when performing surgery.

Post operative management is box rest for 
three weeks, followed by paddock rest for 
a further nine weeks.  Lunging exercise 
is introduced at this stage with a view to 
ridden exercise being underway by sixth 
months.

The results of kissing spine surgery are 
consistently quite encouraging.  Walmsley 
�H�W���D�O (2002, EqVetJ) reported 72% of horses 
returned to full athletic activity.  Perkins 
�H�W�� �D�O (2005, Vet Surg) reported 100% of 
horses returned to previous activity, of 
which 80% where athletic animals (two 
broodmares were treated for osteomyelitis 
of the spinous processes).  Of ten horses we 
have performed the surgery in standing, in 
nine the surgery has proceeded smoothly.  
In one horse sedation was excessive and 
marked swaying interfered with surgery.  
This horse developed a wound infection 

which required further surgery to resect 
another spinous process and necrotic 
tissue.  Of 19 operated under general 
anaesthesia, two have developed post-
operative infection.  One horse resolved 
over a prolonged time – six months, and 
the other underwent a second standing 
procedure to resect another spinous process 
and necrotic tissue.  Obviously the infection 
rate is the same for standing and general 
anaesthesia surgery.  

Of the 29 procedures on 27 horses at 
Donnington Grove Veterinary Surgery three 
were considered complete failures – either 
the same or worse after surgery and both 
were ultimately euthanased.  One is lost 
to follow up, of the remainder 6 were a 
qualified success.  Two horses were reported 
as being functionally cured but “mentally” 
never the same, returning to a lower level 
of competition, one became a broodmare 
as it was purchased (rather than failing to 
train) and one was involved in a significant 
debt between trainer and ower, so was not 
trained.  One raced in Ireland at lower level 
than hoped for by connections, one raced 
and was retired with carpal osteo-arthritis.  
The remaining 17 (63%) were considered 
a complete success by connections.  These 
were athletic horses returning to the same 
level of competition.  The case series 
includes 7 racehorses, of which one (flat) 
horse raced at a lower level, one (National 
Hunt) horse developed carpal osteo-arthritis 
and one (National Hunt) was not re-trained 
(qualified successes).  Four (57%) are 
considered unqualified successes, have 
returned to racing, and include a flat horse 
rated 109 and three National Hunt horses.  

Obtaining follow up information on cases 
of “kissing spines” is substantially more 
satisfying than many surgical series.  
The enthusiasm of many owners for the 
procedure afterwards is quite surprising.  
The results justify continued interest in 
the procedure – even in the absence of 
consistent objective diagnostic criteria.  
Standing surgery is recommended, the 
procedure is considerably easier undertaken 
standing than under general anaesthesia.
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It is well established that tendons do repair, 
but do not regenerate.  The repair tissue 
is less elastic, resulting in limited energy 
absorption, but it can be very strong.  Long 
before the development of stem cells myriad 
procedures have been used in an attempt to 
either 
a.  strengthen the repair tissue, or 
b.  attempt to restore elasticity to the 

musculotendinous unit.
 
The manipulation of tendon healing can be 
looked at in the same way as any injury, 
i.e. the attempts to manipulate any of the 
inflammatory, proliferative or remodeling 
phases of wound healing.

Inflammatory phase of  
tendon healing
Generally accepted wisdom is to minimise 
inflammation following injury, e.g. by the use 
of rest, cold, compression.  Corticosteroids 
are controversial drugs in equine practice but 
are widely used in the inflammatory phase 
of tendon healing.  Tendon splitting was 
condemned by Silver (1983) when conducted 
in the remodeling phase of healing, but 
has been advocated by Bramlage in the 
inflammatory phase for decompression of 
the core lesion.  Hyaluronan has also been 
used, presumably for anti-inflammatory 
effects.

Proliferative phase of tendon 
healing
Hyaluronidase has been used for many 
years, though the rationale is unclear.  Poly-
sulphated glycosaminoglycans have also 
been used in the hope of producing a 
beneficial effect on the tendon matrix.  

Extracellular matrix - Pig urinary bladder (A-
Cell®), an acellular resorbable extracellular 
matrix, does produce a prolific angiogenic 
response, with abundant infiltration of 
numerous cell types including mononuclear 
cells that appear to have the potential 
to differentiate.  In preclinical trials, 
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ability to form new oesophageal tissue, 
urinary bladder, vocal cord and laryngeal 
tissue, skeletal muscle, heart valves, and 
myocardium has been reported.  Results of 
tendon injection have been disappointing.

Neat bone marrow is widely used in 
suspensory ligaments.  It has produced 
calcification of superficial flexor tendon.  
Bone marrow supernatant has been shown 
to be very rich in growth factors, particularly 
Transforming Growth Factor ß (TGF-ß).  Bone 
marrow supernatant is considered superior 
to platelet rich plasma and significantly 
easier to prepare.  Platelet rich plasma is 
currently popular with experimental basis 
but no clinical series or long term follow up 
is available. 

TGF-ß alone has been used by tendon 
injection, and has resulted in marked 
fibrosis but was successful.  Recombinant 
human Insulin Like Growth Factor type 
1 is widely available.  In vitro it shows a 
dose dependant stimulation of collagen 
synthesis including type 1 collagen.  In vivo 
IGF-1 in collagenase-induced core lesions 
results in decreased soft tissue swelling, 
increased DNA and collagen synthesis, 
improved mechanical characteristics of the 
healing tendon and improved echodensity 
of healing core lesion.  IGF-1 is licensed 
for treatment of tendonitis in Australia 
- Tendotrophin® - Prime-Gro, 250µg in 
0.1ml, two injections 10 days apart.  It 
results in a significant increase in type 1 
collagen following treatment of collagenase 
induced core lesion.  At Donnington Grove 
Veterinary Surgery we have used 25 - 50 µg 
in 5ml every 10 days for 1 - 3 treatments 
of laboratory grade IGF-1.  It is debated 
whether IGF-1 is simply producing more 
scar tissue – there is still a need for 
a reliable marker of tendon tissue, and 
collagen 1 is not it.

Remodelling phase of tendon 
healing
Rest and controlled exercise is the pre-
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requisite of all treatments.  Even if 
mesenchymal stem cells offer the “holy 
grail” of regeneration of tenocytes, 
subsequent production and remodeling of 
extracellular matrix will be necessary to 
produce tendon.  

Extra-corporeal shock wave therapy, possibly 
does result in an improvement of linear 
pattern and a clinical improvement.  There 
is experimental evidence of an effect of 
shock waves on cells and on experimentally 
injured tendons.  There appears to be a 
measurable increase in tendon metabolism 
– this may be because further damage is 
being caused to the tendon.  There is also 
an increasing amount of clinical data from 
the human field showing limited benefit.

Bapten, ß aminoproprionitrile fumarate was 
used to inhibit cross linking of collagen fibrils.  
Careful analysis of the published results 
suggest the agent was very effective, with 
injury of the contralateral limb the principle 
“failure” of treatment.  Experimentally 
data was discouraging with reduction of 
collagen synthesis, protein synthesis, and 
alterations in cell metabolism.  Manufacture 
was discontinued in 2001.

Firing of horses has been practiced for 
thousands of years, it is prominent in 
the Corpus Hippiatricorum Graecorum from 
the Byzantine empire and was described 
by Publius Vegetius Renatus  in 450 AD, 
subsequently the first veterinary text 
printed, in Latin in 1528.  It has stood the 
test of time.  Firing remains inadequately 
scientifically investigated.  Histologically 
there is no effect and no alteration of blood 
supply?  However the thermal injury will 
produce a cascade of growth factors etc.

Desmotomy of the accessory ligament of 
the superficial digital flexor tendon was 
proposed to increase the elasticity of 
the musculotendinous unit.  It results in 
lengthening of the SDF unit, associated 
with increased strain of the suspensory 
ligament, and a 5x increase in risk of 
suspensory desmitis. However the 
procedure is associated with significant 
complications, including seroma formation, 
wound breakdown and sepsis of the carpal 
flexor tendon sheath.

Tenoscopically assisted desmotomy of 
the accessory ligament of the superficial 
digital flexor tendon was published in 1999 

(Southwood �H�W�� �D�O) and was described in 
dorsal recumbency in 2002 (Nixon).  The 
procedure was adopted at Donnington Grove 
Veterinary Surgery for the treatment of 
superficial digital flexor tendonitis in 2001.

In preparation for tenoscopic superior 
check ligament desmotomy a technique 
for endoscopic soft tissue dissection is 
necessary.  Motorised synovectomy resector 
blades are seldom aggressive enough 
for desmotomy.  Solid blade scalpels and 
“banana blade” knives are suitable but 
become blunt quickly.  Disposable scalpel 
blades provide a very good dissection but 
these blades break very easily must be used 
with care.  A suction punch is an invaluable 
instrument, allowing controlled dissection of 
the proximal ligament.  Electrosurgery is a 
valuable technique for soft tissue dissection 
and the equipment is inexpensive.  Modern 
disposable electrodes are insulated and 
do not require glycine for fluid distension.  
Dorsal recumbency is preferred and the 
surgery is performed bilaterally regardless 
of the ultrasonographic findings in the 
“good” leg. 

The carpal flexor tendon sheath is injected 
between the tendons of the lateral digital 
extensor and the ulnaris lateralis.  The 
sheath is under negative pressure so 
aspiration of air can be heard and synovial 
fluid is seldom retrieved. The ‘scope portal 
is made at the level of the physeal scar.  An 
instrument portal is made in the proximal 
sheath, ensuring the instruments can reach 
over the radial head of deep digital flexor 
tendon.  The flexor carpi radialis tendon is 
deep to the thinnest portion of the medial 
wall of the carpal sheath and provides a 
guide to prevent cranial or caudal drift of 
the dissection.  A horizontal incision in the 
medial wall of the tendon sheath is helpful 
to identify this tendon.  The incision is 
then continued proximally following the 
line of the flexor carpi radialis through 
wall of tendon sheath, which thickens as it 
becomes confluent with the superior check 
ligament.  The incision is continued outwith 
the tendon sheath.  As the dissection 
progresses proximally visualisation becomes 
worse and retraction of the caudal portion of 
the ligament with a probe manipulated by 
an assistant is helpful.

The nutrient artery of the superficial flexor 
tendon is variably present in the proximal 
third of the ligament.  The vessels are 
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usually associated with some yellow fat and 
using a suction punch the ligament fibres 
can be elevated, examined and transected.  
Great care should be taken with the vessels 
and iatrogenic trauma impacts adversely on 
the prognosis.  The sheath is then lavaged, 
the portals closed routinely and the limbs 
bandaged with a stent bandage sewn over 
the wounds to assist bandaging.  Post 
operative management includes box rest 
followed by progressive walking exercise 
for three to four months, followed by a 
progressive return to full exercise over 12 
months.

Tendon healing
What are we trying to achieve?
1.  Prevent any loss of speed
2.  More rapid return to exercise
3.  Prevention of re-injury 

Tendonitis and performance.  Elasticity 
of tendons is critical to locomotion yet the 
effect of tendonitis on performance has not 
been widely assessed.  Median earnings 
per start of 61 Standardbred racehorses 
decreased 25% following accessory ligament 
desmotomy.  At Donnington Grove Veterinary 
Surgery in a series of ~ 340 Thoroughbreds 
treated by medical management, the 
median maximum rating dropped by 5 lbs, 
while of 70 horses treated by superior check 
ligament desmotomy the median maximum 
rating dropped by 0.8 lb.

More rapid return to exercise.  Almost 
all studies look at reinjury as the gold 
standard, y�H�W�� �D�Omost all case series have 
approximately one year rest and controlled 
exercise.  This is very expensive, at a livery 
cost ~£20 day this represents £7000 / yr.  
Perhaps more attention should be paid to 
reduced convalescence?

Prevention of re-injury.  Results of 
treatments have been surprisingly limited 
over the years.  Recent publications and 
presentations have suggested that:

Following desmotomy of the accessory 
ligament of the superficial digital flexor 
tendon 69% Standardbreds completed 5 
post operative races (Hogan 1995), 51% 
Thoroughbreds started 5 post operative 
races (Bramlage 1996), 63% Thoroughbreds 
completed 5 post operative races in the UK 
(Ordidge 1996), and 58% Thoroughbreds 
completed 3 post operative races in the UK 
(Bladon 2003).  Similarly 59% of horses 

treated with IGF-1 injections and 34% of 
horses fired completed three post treatment 
races (Bladon 2006).  However the value 
of return to racing is debatable.  Though 
objective, the figure is not sensitive.  A study 
at Donnington Grove Veterinary Surgery 
revealed that 63% of age, sex and yard 
matched control horses completed 3 post-
surgical date races, not even approaching 
statistical significance.  

Therefore re-injury rate is used as a more 
sensitive indicator.  However this figure is 
prone to subjectivity and requires careful 
follow up.  The criteria for evaluation of 
success is “in use two years after return 
to exercise” (Dyson 2004).  The reported 
results include reinjury rate of 40 – 45% 
for treatment with either Hyaluronan, 
conservative management, or polysulphated 
glycosaminoglycan either inatra-lesionally 
or intra-muscularly (Dyson 2004).  A similar 
study presented recently (Bladon Bathe and 
Smith 2006) showed similar re-injury rates 
of 40 – 45% with no statistical significance 
for treatment of racehorses with IGF-1, 
shockwave treatment, extra-cellular matrix 
and firing.

Bapten treatment was associated with a 
significantly lower re-injury rate in the 
treated limb of 16%, but the injury to the 
contra-lateral limb was common giving an 
overall re-injury rate of 45% (Dyson 2004).  
Desmotomy of the accessory ligament of 
the superficial digital flexor tendon had 
the lowest re-injury rate of 20%, which 
was statistically significant (Bladon Bathe 
and Smith 2006).  This coupled with the 
tenoscopic approach led to a flury of interest 
in the procedure again.  However the most 
recent results, for tenoscopic superior check 
ligament desmotomy are less encouraging.  
By December 2004, 39 Thoroughbred 
horses in training had undergone tenoscopic 
superior check ligament desmotomy.  31 of 
these returned to racing (79%), 20 raced 
three or more times (51%) and 15 raced five 
or more times (38%).  These figures were 
not significantly different from age, sex and 
yard matched control horses, of whom 64% 
raced three times and 52% raced five times.  
Of the 39 horses, 19 were lost to follow up 
through sale or retired with other injuries.  
Of the remaining 20, 8 (40%) suffered 
recurrent tendon injury.  These results 
are similar to the re-injury rate following 
treatment of tendonitis with intra-lesional 
Insulin Like Growth Factor type 1 (44%) 
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and by actual cautery (43%) and were 
worse than earlier results of treatment by 
“open” superior check ligament desmotomy 
(19%).

The procedure is not without risk, either from 
an open or a tenoscopic approach. Tenoscopic 
superior check ligament desmotomy has 
been performed at Donnington Grove 
Veterinary Surgery in 68 horses.  Six 
horses developed septic tenosynovitis; 
three responded to a single follow up 
surgery and remained sound, three required 
multiple procedures of which two returned 

to training, one suffered recurrence of the 
tendonitis and one remained lame and was 
euthanased after a year.  This incidence 
of post operative infection is significantly 
different from other endoscopic surgeries at 
Donnington Grove Veterinary Surgery (6/68 
cf 5/1020, p=0.01, Fishers Exact Test).

Our current recommendation for tendon 
treatment is intra-lesional injection with stem 
cells, IGF-1, or bone marrow supernatant 
(based on economic grounds) coupled 
with tenoscopic superior check ligament 
desmotomy.



38

South African Equine Veterinary Association Annual Congress 2008 - Proceedings

Osteoarthritis of the 
antebrachiocarpal joint
In contrast to the Thoroughbred, 
Standardbred and Quarterhorse racehorses 
the carpus is a relatively infrequent source 
of pain causing lameness in non-racehorses 
and the antebrachiocarpal joint is more 
frequently involved than the middle carpal 
joint. The joint also seems to be tolerant 
of relatively advanced pathological change 
until lameness is apparent. Both sports 
horses and pleasure horses are affected. 
Other clinical signs such as resentment of 
full carpal flexion, fidgeting whilst being 
trimmed and shod, awkward behaviour when 
studs are being place in or removed from the 
shoes, distension of the antebrachiocarpal 
joint capsule or reduced flexion of the 
carpus while jumping and a tendency to 
have rails down may precede recognition of 
overt lameness. 

Diagnosis of the cause of lameness is not 
a challenge because there is generally 
distension of the joint capsule, resentment 
of maximal carpal flexion and exacerbation 
of lameness by flexion. Intra-articular 
analgesia of the antebrachiocarpal joint 
usually results in rapid improvement in 
lameness, and an increased range of pain 
free flexion, although lameness may not be 
abolished fully. Fairly advanced radiographic 
changes are frequently  identified when 
lameness is first recognised, including 
extensive periarticular osteophyte formation 
and in some horses secondary osteochondral 
fragmentation (Fig. 1). 

Management represents a challenge because 
of the advanced nature of the degenerative 
changes when lameness is first recognised. 
Clinical improvement is is usually achieved 
with intra-articular medication with 
corticosteroids and hyaluronan, although 
repeated treatment at intervals are generally 
required. A better response may be achieved 

Some Carpal Lesions in 
Sport Horses
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with Irap (OrthokineR ), provided that there 
are not extensive areas of full thickness 
cartilage loss. Osteochondral fragments 
should be removed arthroscopically.

Osteoarthritis of the 
carpometacarpal joint
Osteoarthritis of the carpometacarpal joint 
is an unusual cause of forelimb lameness, 
usually occurring in mature horses used for 
any discipline. Lameness may be acute, or 
insidious in onset and is mild to moderate 
in degree. There are usually no localising 
clinical signs. Carpal flexion is not restricted, 
or resented.
 
Lameness may be improved by palmar 
metacarpal (sub-carpal) nerve blocks, 
probably due to proximal diffusion 
of the local anaesthetic solution. Intra-
articular analgesia of the middle carpal 
joint also improves lameness. Radiographic 
examination usually reveals that changes 
are restricted to either the medial, or lateral 
side of the joint, with narrowing of the joint 
space between the carpus and either the 
second or fourth metacarpal bones, with 
subchondral sclerosis (Fig. 00) and often 
periosteal new bone extending along the 
proximal metaphyseal region of the second 
or  fourth metacarpal bone. There may 
be lucent zones in the base (head) of the 
second or fourth metacarpal bone.

Response to intra-articular medication of 
the carpometacarpal joint has been poor. 
Palliative treatment with a non-steroidal 
anti-inflammatory drug may allow the horse 
to be maintained in work.

Third carpal bone disease
Sclerosis of the third carpal bone or 
parasagittal fractures of the third carpal 
bone are uncommon injuries in non-
racehorses that I have only  recognised in 
mature endurance horses and occasionally 
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in event horses (Fig. 2). In endurance 
horses sclerosis of the radial  facet of the 
third carpal bone has resulted in episodic 
lameness that has generally only occurred 
part way through long endurance rides 
and has usually resolved within 24 hours. 
Thus diagnosis is a challenge because 
there are generally  no localising clinical 
signs to suggest the cause of pain causing 
lameness. 

Diagnosis has been dependent firstly on 
nuclear scintigraphy which has revealed 
focal increased radiopharmaceutical uptake 
in the third carpal bone of the lame limb. 
Subsequent radiographic examination of 
the carpus, including flexed cranioproximal-
craniodistal oblique views has revealed 
sclerosis of the radial facet of the third 
carpal bone. Comparative views of the 
contralateral limb have generally been 
normal. Affected horses can usually remain 
sound at lower work levels, but have been 
difficult to maintain in full-length competitive 
endurance rides.

Incomplete parasagittal  fractures of the 
third carpal bone result in acute onset 
severe lameness, although there may be no 
distension of the middle carpal joint and no 
resentment of carpal flexion. Lameness has 
been improved or abolished by perineural 
analgesia of the palmar metacarpal nerves 
(subcarpal), presumably due either to 
proximal diffusion or inadvertent placement 
into the palmar pouch of the middle carpal 
joint. However, the degree of lameness 
associated with a third carpal bone fracture 
has been greater than expected with 
proximal suspensory desmitis. Paradoxically 
the response to intra-articular analgesia 
of the middle carpal joint has sometimes 
been less than that following subcarpal 
analgesia. Response to arthroscopically 
guided internal fixation with a single screw 
has been favourable.

Intercarpal ligament injury
Tears of the medial palmar intercarpal 
ligament are an uncommon cause of lameness 
in non-racehorses usually with no localising 
clinical signs. Diagnosis is dependent on 
localisation of pain to the middle carpal 
joint by intra-articular analgesia. There 
are usually no radiographic or scintigraphic 
abnormalities and the response to intra-
articular analgesia is poor. Definitive 
diagnosis requires arthroscopic evaluation 
of the joint. In contrast to racehorses, 

such lesions have been identified without 
associated osteochondral abnormalities and 
arthroscopic debridement has resulted in a 
favourable outcome in a small number of 
horses.

Although lucent zones in the ulnar carpal 
bone have been identified in lame racehorses 
associated with an avulsion of the lateral 
palmar intercarpal ligament between, 
similar radiographic abnormalities have been 
identified in non-racehorses as an incidental 
finding. With the advent of  the ability to 
image the carpus using magnetic resonance 
imaging we have begun to recognise injuries 
of other intercarpal ligaments, such as 
between the second and third carpal bones 
(Fig. 3). 

Fracture of the accessory 
carpal bone
Fractures of the accessory carpal bone are 
usually the result of traumatic injury such as 
a fall. There is usually severe pain on passive 
flexion of the carpus & flexion is restricted. 
The classic fracture  is a complete vertical 
fracture approximately midway between the 
dorsal and palmar aspects. Less commonly 
there are comminuted articular fractures on 
the dorsal aspect of the bone, which without 
surgical removal will result in secondary 
osteoarthritis.

Impingement lesions of the 
deep digital flexor tendon
Impingement lesions of the deep digital 
flexor tendon (DDFT) may be due to solitary 
osteochondromas on the distal caudal aspect 
of the tibia or exostoses at the level of the 
distal radial physis. Although diagnosis may 
be straightforward in some horses, with 
obvious distension of the carpal sheath, 
pain on passive flexion of the carpus and 
lameness accentuated by flexion, associated 
with obvious radiographic abnormalities, in 
other horses the diagnosis is much more 
challenging. There may be no localising 
clinical signs, and lameness may be 
extremely episodic and transient in nature, 
although when present may be remarkably 
severe. Radiographic abnormalities may 
be absent and diagnosis is dependent 
on ultrasonographic identification of an 
osseous spur and disruption of the normal 
architecture of the DDFT.  Tenoscopic 
removal of the osteochondroma or exostosis 
generally results in a favourable outcome.
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Superficial digital flexor 
tendon injuries in the 
carpal canal and proximal 
metacarpal region
Superficial digital flexor tendon (SDFT) 
lesions in the carpal and proximal metacarpal 
region  are an uncommon cause of forelimb 
lameness in older sports horses and ponies 
(usually >12 – 15 years of age), which may 
present with  a sudden onset of lameness 
or sporadic work-related lameness. In 
my experience of SDFT lesions in the 
carpal and proximal metacarpal region in 
older sports horses (and less commonly 
general purpose riding horses) there has 
been a predominance of geldings, but this 
probably reflects the greater number of 
male competition horses, rather than a 
genuine sex risk factor.

In these horses and, less commonly ponies, 
the diagnosis may be challenging because 
although lameness may be quite severe, 
there may be no obvious localising clinical 
signs. In some horses there may be mild 
swelling in the proximal metacarpal region 
or distension of the carpal sheath, and in 
these horses there may be pain elicited by 
firm palpation of the SDFT. Such swelling is 
easily missed unless the examiner is paying 
particular attention to this region, especially 
if the horse has a thick hair coat. Lameness 
is accentuated by flexion of the carpus in 
some horses. 

It is often necessary to use local analgesia to 
identify the source of pain causing lameness. 
Perineural analgesia of the palmar nerves 
just distal to the carpus may improve the 
lameness, but in others lameness may be 
unaffected because the lesion extends more 
proximally. Therefore perineural analgesia 
of the median and ulnar nerves may be 
necessary to alleviate the lameness.

Although lameness is often unilateral, 
bilateral lesions are frequently identified 
ultrasonographically (Fig.1). These SDFT 
lesions in the carpal and proximal metacarpal 
region  have often been progressive 

ultrasonographically, or have failed to 
resolve with conservative management. In 
some horses even with relatively focal 
lesions lameness has been a persistent 
feature, despite prolonged periods of rest. 
Alternatively, in some horses lameness has 
resolved with rest, although ultrasonographic 
abnormalities have persisted, and lameness 
has recurred when horses have returned 
to full work. However, I am not aware of 
any of the SDFT lesions in the carpal or 
proximal third of the metacarpal region ever 
progressing to spontaneous rupture of the 
tendon.

Proximal lesions of the SDFT in older sports 
horses are a therapeutic challenge, with a 
poor response to conservative management 
or desmotomy of the accessory ligament of the 
SDFT (superior check ligament desmotomy). 
For horses with lesions extending into the 
carpal canal surgical release of the carpal 
retinaculum is sometimes successful (Ross 
2003; Dyson unpublished data). Whether 
stem cell therapy offers an alternative more 
successful treatment strategy remains to be 
seen.  Early results have been encouraging 
(Dyson unpublished data)

Further reading:
Beinlich C and Nixon A.  (2004) Radiographic 

and pathologic characterization of 
lateral palmar intercarpal ligament 
avulsion fracture in the horse. Vet. 
Radiol. and Ultrasound 45, 532 – 
537.

Magnusson L and Ekman S.  (2001) 
Osteoarthritis of the antebrachiocarpal 
joint of 7 riding horses. Acta. Vet. 
Scand. 42, 429 – 434.

Malone E, Les C and Turner T.  (2003) 
Severe carpometacarpal osteoarthritis 
in older Arabian horses. Vet. Surg. 32, 
191 – 195.

Nixon A, Schachter B and Pool R.  (2004) 
Exostoses of the caudal perimeter of 
the radial physis as a cause of carpal 
synovial sheath tenosynovitis and 
lameness in horses: 10 cases (1999 
– 2003). J. Am. Vet. Med. Ass. 224, 
264 – 270.
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This study was performed to describe the 
clinical features of horses with desmitis 
of the collateral ligaments of the distal 
interphalangeal (DIP) joint and to evaluate 
the results of radiographic, ultrasonographic, 
scintigraphic and high-field magnetic 
resonance imaging (MRI) examinations.

Materials and Methods

Horses were examined between January 
2001 and July 2006 and were selected 
for inclusion in the study if there was 
unequivocal evidence of collateral desmitis 
of the DIP joint based on ultrasonography 
or magnetic resonance imaging (MRI). 
The signalment, case history, results of 
clinical examination and responses to local 
analgesic techniques were reviewed in 109 
horses (Group I) with primary injuries of 
a collateral ligament (CL). The results of 
radiographic, ultrasonographic, scintigraphic 
and MRI examinations were assessed. One 
hundred and thirteen horses (Group II) in 
which CL desmitis was seen using MRI  in 
conjunction with other injuries were also 
reviewed, in addition to 11 horses  (Group 
III) examined ultrasonographically but not 
using MRI.

Results

Group I

In Group I (n = 109), 45 horses had 
unilateral forelimb lameness, 59 bilateral 
forelimb lameness and 5 had a hindlimb 
injury (1 bilaterally). The medial collateral 
ligament was injured most frequently in the 
lame or lamer limb (80 horses; 73.4%), with 

medial and lateral injuries in 16 (14.5%) 
and lateral injuries alone in 13 (11.9%). 
Mild distension of the DIP joint capsule was 
a common, non-specific observation. In the 
majority of horses no localising clinical signs 
were seen. Pain could not be induced by 
passive manipulation of the distal limb joints 
in any horse. Occasionally there was focal 
heat in the region of the injured ligament, 
or mild swelling, often only detected after 
clipping in preparation of ultrasonography. 
Lameness was often mild in straight lines, 
but  was invariably considerably worse 
in circles, especially on a hard surface. 
Horses with medial collateral desmitis were 
sometimes lamer with the lame limb on the 
outside of a circle.

Horses ranged in age from 3 to 15 years. 
Horses that jumped were over represented 
compared to the normal clinic population 
(show jumping 28; eventing 22; dressage 
19; racing(flat) 2; racing (National Hunt) 2;  
endurance 1; general purpose 35).

Lameness was improved > 50% by palmar 
digital analgesia in  45  of 101 horses (44.5 
%), and 36 (35.6%) were sound. Palmar 
(abaxial sesamoid) nerve blocks abolished 
lameness in all horses. Retrospectively a 
uniaxial ipsilateral block improved lameness 
in horses in which this was performed. 
Intra-articular analgesia of the DIP joint 
produced >50% improvement in lameness 
at 5 minutes after injection in only 28 of  
94 horses (29.8%), and one horse became 
sound. There was no change or < 50% 
improvement in 65 horses (69%). Intra-
thecal analgesia of the navicular bursa 
produced no alteration in lameness in 25 of 
25 horses. 

Collateral Desmitis Of The 
Distal Interphalangeal Joint 

In 233 Horses 

(January 2001 – July 2006) 
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Forty-eight horses (44%)  had positive 
ultrasonographic findings (enlargement of 
the ligament with reduced echogenicity)., 
with or without overlying soft tissue swelling 
and distension of the DIP joint capsule.

In 103 horses no radiographic abnormality 
related to the DIP joint or collateral 
ligament attachments was identified. Two 
horses had radiographic abnormalities at 
the ligament’s origin, 3 at the insertion 
and 1 had subluxation of the DIP joint. 
Forty-five of 106 horses (42.5%) had focal, 
mildly, moderately or intensely increased 
radiopharmaceutical uptake (IRU) at the 
site of insertion of the injured CL on the 
distal phalanx.

Alteration in size and signal intensity in the 
injured CL was identified using MRI in all 109 
horses examined in Group I. In addition, 44 
horses  (40.4%) had a cortical defect or 
irregularity, or abnormal mineralisation and 
or fluid in the middle or distal phalanx at 
the ligament’s origin (n = 7) or insertion (n 
= 37). 

Group II

One hundred and thirteen horses had CL 
desmitis of the DIP joint and concurrent 
injuries, 85 with multiple injuries involving 
the DIP joint, deep digital flexor tendon 
(DDFT), the distal sesamoidean impar 
ligament, the navicular bursa or the 
collateral sesamoidean ligament usually on 
the ipsilateral side of the foot; 23 with DDF 
tendonitis;  3 with ipsilateral fractures of 
the distal phalanx and 2 with a fracture of 
the ipsilateral ossified cartilage of the foot. 
There was a higher prevalence of medial 
injuries (105/113, 93%). Ultrasonographic 
evidence of desmitis was identified in only 13 
horses (11.5%). No radiological abnormality 
was identified at the origin or insertion of 
the ligament, but 3 horses had ipsilateral  
fractures of the distal phalanx.

Group III

Eleven horses  were not examined using MRI 
but had definitive ultrasonographic evidence 
of desmitis of the medial (6,  54.5%), 
lateral (3, 27.3%) or medial and lateral CLs 
(2, 18.2%). Three horses had associated 
radiographic abnormalities at the origin or 
insertion. Eight  of 9 horses  (88.9%) had 
positive scintigraphic findings.  

Follow-up
Horses were treated by appropriate 
trimming and shoeing adapted to each 
horse’s foot conformation and box rest 
and controlled walking exercise, or small 
paddock confinement plus walking. Walking 
in circles was avoided when possible. Long 
term follow up (at least one year after 
diagnosis) is available for 54 horses in 
Group I, 33% of which have returned to 
full athletic function. Three horses had 
recurrent lameness, but following palmar 
digital or palmar neurectomy are in full work 
(show jumping). Horses from Group II had a 
poorer prognosis. Five of 9 horses (55.5%) 
in Group III have returned to full athletic 
function.

Discussion
Collateral desmitis of the DIP joint should 
be considered as an important cause of 
foot lameness. Although some injuries 
are detectable ultrasonographically, false 
negative results do occur. It is also easy to 
create artefactual hypoechoic lesions.  In 
many of the horses the ultrasonographic 
abnormalities were subtle relative to the 
degree of lameness and underestimated the 
extent of damage determined using MRI. 

Scintigraphy can be a good predictor of injury, 
with high specificity but low sensitivity. In  a 
separate study correlating scintigraphy with 
MRI in 264 horses, scintigraphy was 95.5%  
and 99.3 % specific for prediction of medial 
and lateral CL injuries respectively, but had 
only 14.8% and 7.9% sensitivity.

Image obliquity can confound MR image 
interpretation and critical appraisal of images 
is crucial. Reformatting of images after 
acquisition is often helpful. The DIP joint 
should be examined carefully to determine 
the presence of joint instability or secondary 
osteoarthritis. MRI also demonstrated other 
important injuries contributing to lameness 
in 50.9% of horses. The presence of multiple 
injuries resulted in a poorer prognosis for 
return to full athletic function. Marked 
disruption of the integrity of a CL of the 
DIP joint is likely to result in chronic joint 
instability ad secondary osteoarthritis.

Further clinical experience using shock 
wave treatment indicates that there is little 
evidence to date to suggest that its use has 
altered the long term outcome, however 
further long term follow up is required. 
The presence of osseous abnormalities 
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at the origin or insertion of the injured 
ligament appears to adversely influence the 
outcome of those horses with primary CL 
injuries. Assuming structural integrity of an 
injured ligament, palmar digital or palmar 
neurectomy can be safely performed, 
enabling horses to return to high levels of 
athletic performance.

A recent correlative MRI and post mortem 
study (Dyson �H�W���D�O. 2008) has demonstrated 
a good correlation between MR abnormalities 
of the CLs of the DIP joint and histopathology. 
However, it has demonstrated that lesions 
are primarily degenerative in nature 
which has implications for repair. Perhaps 
treatment should be targeted towards tissue 
regeneration.
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What is navicular disease? 
Navicular disease is a chronic forelimb 
lameness associated with pain arising from 
the distal sesamoid or navicular bone. It 
is well recognised that in association with 
advanced navicular disease, fibrillation of 
the dorsal aspect of the deep digital flexor 
tendon (DDFT), with or without adhesion 
formation between the tendon and the 
navicular bone, are common features. 
Recent clinical studies using magnetic 
resonance imaging (MRI) (Dyson �H�W�� �D�O. 
2005) and post mortem studies (Blunden 
�H�W���D�O. 2006a and b) have demonstrated that 
there may also be abnormalities of closely 
related structures, including the collateral 
sesamoidean ligaments (CSLs), the distal 
sesamoidean impar ligament (DSIL) and  
the navicular bursa. For the purposes of this 
paper this complex of degenerative changes 
will be referred to as navicular disease. 
Primary injury of the DDFT is considered 
to be a separate condition (Dyson �H�W��
�D�O. 2003), which may have a different 
aetiopathogenesis. 

Although historically considered to be a 
single disease, given the variety of clinical 
presentations it is likely that there are a 
number of different clinical conditions, of 
different aetiologies, that give rise to pain 
in the navicular apparatus. It is difficult to 
conceive of a single disease which can result 
in an insidious onset, slowly progressive 
bilateral forelimb lameness, or an acute 
onset, relatively severe unilateral forelimb 
lameness, each with a variety of different 
radiological manifestations and with some 
horses never developing radiological 
changes. It is curious that sometimes clinical 
signs become apparent in young horses just 

commencing work, whereas more typically 
lameness is seen in mature riding horses. It 
is also seen in horses with vastly different 
distal limb conformation. It is a common 
condition in Quarterhorses, which tend to 
have narrow, upright, boxy feet, small 
relative to their body size, as well as 
in European Warmblood horses, many of 
which have relatively tall narrow feet. It 
is also common in Thoroughbred horses, 
which frequently have rather flat feet, with 
low collapsed heels, often associated with 
dorsopalmar foot imbalance. Evidence has 
recently been presented suggesting that 
there is a heritable tendency towards the 
development of navicular disease in Dutch 
and Hanoverian Warmblood horses (Dik 
& van den Broek 1995; Dik �H�W�� �D�O. 2001b; 
Stock �H�W���D�O. 2004). 

The factors causing pain in the navicular 
apparatus and therefore lameness are 
poorly understood. Experience with both 
radiography and MRI suggests that lesions 
in both the navicular bone & closely related 
structures are likely to predate the onset of 
lameness in some horses (Dyson and Murray 
2007a). In some horses, a trigger factor 
apparently promoting pain and lameness 
has been a period of enforced rest for an 
unrelated cause.

There have been no good epidemiological 
studies investigating risk factors for 
the development of navicular disease. 
Information is therefore largely anecdotal. 
The frequency of occurrence of navicular 
disease appears to vary between breeds. 
Quarterhorses (Ackerman �H�W�� �D�O. 1997), 
Warmblood horses (Mey �H�W�� �D�O. 1967) and 
Thoroughbred cross horses (Colles 1987) 
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have a relatively high incidence, whereas 
the occurrence and/ or recognition in some 
breeds such as the Finnhorse, the Arab 
(Turner 1993) and the Friesian is relatively 
low. 

Biomechanical considerations
The navicular apparatus comprises the 
navicular bone, the CSLs, the DSIL, the 
navicular bursa, the DDFT and the distal 
digital annular ligament. The navicular 
bone, which articulates with the middle 
and distal phalanges, provides a constant 
angle of insertion, and maintains the 
mechanical advantage of the DDFT, which 
exerts major compressive forces on the 
distal one third of the bone. Contact studies 
between the phalanges in isolated limbs 
have demonstrated that the greatest forces 
are applied in the propulsion phase of 
the stride. This occurs during extension 
of the distal interphalangeal (DIP) joint, 
with increased pressure of the DDFT on 
the palmar aspect of the navicular bone, 
increased contact between the navicular 
bone and the middle phalanx and increased 
tension in the CSLs (Denoix 1999a; Bowker 
�H�W�� �D�O. 2001; Wilson �H�W�� �D�O.). Tension in the 
DDFT and the distal digital annular ligament 
promotes stability of the DIP joint. Forces 
may be altered by foot conformation: in 
a horse with ‘weak heels’ (low, collapsed 
heels) there is greater extension of the 
DIP joint compared to a horse with ‘strong’ 
heels (‘normal’ conformation), which results 
in increased pressure concentrated on the 
distal aspect of the navicular bone (Denoix 
1999b). 

Compressive forces and stress on the 
navicular bone have been compared in 
clinically sound horses and horses with 
navicular disease (Wilson �H�W�� �D�O. 2001). 
Although the mean peak force and stress 
were similar, the force and stress in the horses 
with navicular disease were approximately 
double early in the stance phase of the 
stride. This early peak stress resulted in a 
much higher loading rate of the navicular 
bone in the navicular disease group. The 
difference in loading patterns was associated 
with an increased force in the DDFT in the 
early and mid stance phases, probably due 
to increased contraction of the DDF muscle. 
This contraction of the DDF muscle may 
result in toe-first ground contact, seen in 
some horses with navicular disease. It is 
suggested that pain associated with the 
navicular bone may result in a positive 

feedback, by increasing the force in the 
DDFT to avoid heel-first landing, and hence 
paradoxically increasing the compressive 
force on the navicular bone. This hypothesis 
is supported by reduction in peak forces on 
the navicular bone throughout the stance 
phase in horses with navicular disease after 
perineural analgesia of the palmar digital 
nerves (McGuigan and Wilson 2001).

Although low, collapsed heel conformation 
has anecdotally been associated with 
navicular disease, a recent study  (Eliashar 
�H�W�� �D�O. 2004) in Irish draught cross-type 
horses showed no correlation between the 
peak force exerted on the navicular bone by 
the DDFT and the conformation of the hoof 
capsule, contrary to the earlier results of 
Denoix (1999b). However, a 1° decrease in 
angle of the solar border of the distal phalanx 
resulted in a four-fold increase in peak force 
on the navicular bone (Eliashar �H�W���D�O. 2004). 
There was no correlation between the angle 
of the solar border of the distal phalanx and 
the degree of heel collapse.

The shape of the navicular bone may be 
determined at birth and this may influence 
the biomechanical forces subsequently 
applied to the bone, and hence influence the 
risk of development of navicular disease (Dik 
�H�W���D�O. 2001 a & b). Finnhorses and Friesian 
horses tend to have a straight or convex 
contour of the proximal articular border 
of the navicular bone and rarely develop 
navicular disease. There is a much higher 
incidence of navicular disease in the Dutch 
Warmblood breed, and horses in which the 
proximal articular margin is concave or 
undulating appear to be at highest risk of 
development of the disease (Dik & van den 
Broek 1995; Dik �H�W���D�O. 2001b).

Histopathological studies 
Navicular disease has not been reproduced 
experimentally, therefore all proposed 
aetiologies remain speculative. Earlier 
theories suggesting a vascular aetiology 
with arteriosclerosis (Rijkenhuizen �H�W�� �D�O. 
1989), or thrombosis, resulting in ischaemia 
within the navicular bone (Colles & Hickman 
1977), have largely been rejected due 
to failure to identify ischaemic bone or 
thrombosis, failure to reproduce clinical 
signs or pathological changes by occluding 
blood supply to the bone and expanding 
evidence demonstrating increased bone 
modelling (MacGregor 1984; Ostblom �H�W��
�D�O. 1982; Pool �H�W�� �D�O.1989; Wright �H�W�� �D�O. 
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1998). Post mortem studies to date have 
focussed principally on long term, chronic 
cases, generally with advanced radiographic 
abnormalities, reflecting the end stage 
of a disease complex. These studies 
identified striking similarities between the 
pathological features of navicular disease 
and osteoarthritis, in both human beings 
and horses (Pool �H�W�� �D�O. 1989; Wright �H�W�� �D�O. 
1998).

Studies of ageing changes in the navicular 
bone of normal immature and mature horses 
suggested that there is a degenerative 
ageing process similar to that seen in joints 
(Wright �H�W�� �D�O. 1998). However, a more 
recent study investigating not only the 
navicular bone, but also the DDFT, CSLs, 
DSIL and navicular bursa, demonstrated 
no age-related differences between mature 
horses with no history of foot related 
lameness ranging from 4 to 15 years of age 
(Blunden �H�W�� �D�O. 2006a & b). This suggests 
that there may be an individual susceptibility 
to degenerative change. Non-physiologic 
biomechanical factors may promote this 
susceptibility to degenerative change (Pool 
�H�W�� �D�O. 1989; Wright and Douglas 1993; 
Wilson �H�W���D�O. 2001). 

The explanation for pain and lameness 
in horses with no detectable radiological 
change has been poorly investigated by post 
mortem studies. However, recent clinical 
experience with MRI has indicated that 
many horses with evidence of increased 
modelling of the navicular bone based 
on increased radiopharmaceutical uptake 
(IRU) detected using nuclear scintigraphy, 
do have pathological abnormalities of the 
navicular bone detectable using MRI, with 
or without concurrent changes in the DDFT, 
CSLs, DSIL and navicular bursa (Dyson �H�W��
�D�O. 2005; Dyson & Murray 2007b, c). 

Degenerative changes in the fibrocartilage 
on the palmar aspect of the navicular 
bone occur principally in the distal half of 
the bone, especially centred around the 
sagittal ridge in both sound and lame horses 
(Blunden �H�W�� �D�O. 2006a). In horses with 
navicular disease there is a greater degree 
of fibrocartilage damage, which may extend 
into the subchondral bone. Partial thickness 
loss of fibrocartilage in this location was one 
of the most common lesions significantly 
associated with navicular disease in one 
study (Wright �H�W�� �D�O. 1998). It is likely to 
represent some of the earliest pathology of 

one form of this disease, but remains difficult 
to identify in vivo, even with the use of MRI 
(unpublished data). Degenerative change of 
the spongiosa is generally only seen dorsal to 
extensive fibrocartilage damage. Physiologic 
forces result in adaptive remodelling of the 
subchondral bone in immature horses, with 
cortical thickening (Wright �H�W�� �D�O. 1998). 
Non-physiologic forces may result in focal 
fibrocartilage and or flexor cortex damage, 
with adjacent subchondral sclerosis dorsal to 
it, associated with thickening of trabeculae 
and focal areas of lysis. There may also 
be oedema, congestion and fibrosis of the 
marrow stroma within the medullary bone, 
which may result in a cyst-like lesion. 

Concurrently there may be fibrillation of 
the dorsal surface of the DDFT, which may 
predispose to adhesion formation between 
the DDFT and regions of partially or fully 
eroded fibrocartilage on the palmar aspect 
of the navicular bone. Whether lesions 
in the DDFT are primary or secondary to 
pre-existing damage of the fibrocartilage, 
currently remains open to debate. However, 
recent post mortem evidence suggests 
that there may be non age – related 
degenerative vascular and matrix changes 
in the dorsal aspect of the DDFT in both 
lame & clinically normal horses (i.e., similar 
frequency of occurrence in young and older 
horses) (Blunden �H�W�� �D�O. 2006b). Although 
other authors have suggested that vascular 
occlusion and matrix changes in the DDFT 
may be age-related (Wright �H�W�� �D�O. 1998), 
the results of our study showed that the 
severity of these changes was greater in 
horses with palmar foot pain than in control 
horses. Minor fibrillation of the dorsal aspect 
of the DDFT was seen in both lame and 
control horses, whereas deep sagittal splits 
were only seen in lame horses. Complete 
occlusion of blood vessels, replacement 
of normal tendon architecture by focal 
fibroplasia and areas of fibrocartilaginous 
metaplasia were common in the lame 
horses. As these changes are predominantly 
seen in the intratendonous septa, there is 
a strong possibility that they predispose 
to the development of sagittal splits in the 
dorsal surface of the tendon along these 
septal planes. Sharp edges of splits in the 
DDFT extending from the dorsal surface 
may cause ulceration of the fibrocartilage of 
the navicular bone and thus predispose to 
lesions extending into the medulla.

There is an association between changes of 
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the flexor aspect and distal and proximal 
borders of the navicular bone (Blunden �H�W��
�D�O. 2006a). Similar types of change occur 
at the proximal and distal aspects, but tend 
to be more extensive distally. Enlarged 
synovial invaginations are the result of 
recruitment and activation of osteoclasts 
following the course of the nutrient vessels 
into the spongiosa (Pool �H�W�� �D�O. 1989). This 
may be associated with local medullary 
osteonecrosis, and the presence of foci 
of fibrocartilaginous metaplasia and or 
entheseous new bone close to the interface 
between the DSIL and the navicular bone.

Ageing changes were described in the 
articular cartilage of the navicular bone 
and the opposing face of the distal 
phalanx (Bowker 2003). There was loss of 
proteoglycan and tidemark advancement, 
which was thought to reflect excessive shear 
stress in the zone between the calcified and 
non-calcified articular cartilage. A greater 
number of tidemarks were seen in horses 
with clinical signs of navicular disease than 
normal horses of similar age. However, 
a more recent study failed to identify 
significant age-related changes, and low 
grade degenerative changes in the articular 
cartilage were common in both control 
horses and those with navicular disease 
(Blunden �H�W���D�O. 2006a).

Observations from nuclear 
scintigraphy and MRI
Previous studies using tetracycline labelling of 
bone (MacGregor, 1984), histomorphometry 
(Ostblom �H�W���D�O. 1982) and scintigraphic studies 
(Keegan �H�W�� �D�O. 1996) have indicated that 
there is evidence of increased bone turnover 
in association with navicular disease, even 
in the absence of radiological abnormalities 
of the bone. IRU predominantly reflects 
increased osteoblastic activity (Dyson and 
Weekes 2003), but is not synonymous with 
either pain or lameness (Dyson 2002). IRU 
may reflect a functional adaptation to foot 
conformation and the biomechanical forces 
on the navicular bone. Comparison between 
scintigraphy and MRI has demonstrated 
that many horses with focal moderate 
or intense IRU have abnormalities of the 
navicular bone detectable using MRI (Dyson 
and Murray 2007b). However, scintigraphy 
can also produce false-negative results, 
indicating that pathological abnormalities of 
the navicular bone are not always associated 
with increased osteoblastic activity.

A comparison of MRI findings in control 
horses with no history of foot-related pain 
and horses with chronic palmar foot pain 
showed significant alterations of the navicular 
apparatus in the lame horses (Murray �H�W��
�D�O. 2006a). A comparative  MRI and post 
mortem study showed good correlation 
between the  lesions identified using MRI 
and histopathological findings (Murray �H�W��
�D�O. 2006b). Clinical experience with MRI 
in horses with foot pain  provides support 
for the progression of lesions as outlined 
above  and has demonstrated some earlier 
lesions than those investigated post mortem 
(Dyson and Murray, unpublished data).  

However, a group of horses has also been 
identified with no detectable abnormalities 
of the flexor fibrocartilage or cortex, but 
with diffuse abnormalities of the medulla 
characterized by increased signal in fat 
suppressed images. Post mortem examination 
of one such horse revealed evidence of early 
fat necrosis with a moth-eaten appearance 
of the trabeculae (i.e., disruption of the 
normally smooth borders of the trabeculae), 
with necrosis of bone edges. This may have 
a different aetiopathogenesis. 

Hyperintense signal in the medulla of the 
navicular bone has been ascribed to the 
presence of oedema in the marrow spaces 
(Schneider �H�W�� �D�O. 2003), but this was not 
validated post mortem. Further research 
is required to determine the true causes 
of this phenomenon. In our study, mild or 
moderate focal or generalised increased 
signal intensity in fat suppressed images 
was associated with trabecular thinning 
and widened intertrabecular spaces (Murray 
�H�W�� �D�O. 2006b). High intensity increased 
signal associated with decreased irregular 
decreased signal in T1 and T2 weighted 
images was associated with generalised 
osteonecrosis and fibrosis, with irregular 
trabeculae, adjacent adipose tissue oedema 
and prominent capillary infiltration. A 
recent post mortem study of feet with 
advanced radiological abnormalities of the 
navicular bone demonstrated that increased 
signal in fat suppressed images correlated 
with areas of degenerate adipose tissues, 
with haemorrhage or replacement by 
fibrocollagenous material, or fluid-filled 
cystic spaces (Busoni �H�W���D�O. 2005)

In some other horses, fluid – filled osseous 
cyst-like lesions have been seen in the distal 
aspect of the bone, apparently separate from 
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synovial invaginations, and not associated 
with any detectable abnormality of the 
flexor aspect of the bone. Such lesions have 
not yet been characterised histologically 
and their aetiology remains speculative, 
although may be associated with lesions of 
the DSIL.

Occasionally horses have been identified 
with new bone on the palmar aspect of the 
navicular bone, centred on the sagittal ridge. 
The cause of this is currently unknown.  

Entheseous changes
The presence of entheseous new bone on 
the proximal border of the navicular bone, 
reflecting previous insertional desmopathy of 
the CSL is well documented radiographically 
(Verschooten �H�W���D�O. 1989; Wright 1993) and at 
post mortem examination (Pool �H�W���D�O. 1989; 
Wright �H�W���D�O. 1998), in both clinically normal 
horses and horses with navicular disease. 
Its clinical significance remains uncertain, 
although more extensive new bone in this 
location tends to be associated with other 
signs of navicular disease (Verschooten 
�H�W�� �D�O. 1989; Wright �H�W�� �D�O. 1998). Recent 
experience with MRI has confirmed this 
(Dyson �H�W�� �D�O. 2005). Rarely, an avulsion 
fracture is identified at the insertion of the 
CSL into the navicular bone (unpublished 
data). Mineralised and osseous fragments in 
the DSIL have also been recognised in both 
normal horses and in horses with navicular 
disease and their clinical significance 
remains difficult to determine. Fragments 
were unusual in sound horses undergoing 
prepurchase radiographic examination 
(Kaser Hotz and Ueltschi 1992), although 
their true incidence may be underestimated 
by radiographic examination compared with 
MRI or computed tomography.  In 2 post 
mortem studies, fragments associated with 
a defect in the distal margin of the navicular 
bone were more common in horses with 
navicular disease than in age-matched 
controls (Wright �H�W�� �D�O. 1998; Blunden �H�W��
�D�O. 2006a). This has also been our clinical 
experience.

Fibrocartilaginous metaplasia in the body 
of the DSIL was more extensive in horses 
with navicular disease compared with age-
matched control horses (Blunden �H�W�� �D�O. 
2006a). However, no significant differences 
between groups were seen in the CSLs. 

Ageing changes have been seen in the 
region of insertion of the DSIL and the 

DDFT, with a change in fibroblast shape and 
an increase in proteoglycans (Bowker �H�W���D�O. 
2001). The functional significance of this is 
not yet known.  Evidence of inflammation 
has recently been recognised histologically 
at the intersection of the DSIL and DDFT 
in horses with clinical signs of navicular 
syndrome (van Wulfen and Bowker 1997). 
Bowker (2003) demonstrated changes 
reflecting ‘abnormal stress’ at the insertion 
of the DSIL and DDFT in horses with poor foot 
conformation. This region is rich in sensory 
nerve endings, with many arteriovenous 
complexes which are damaged in horses 
with navicular disease (van Wulfen 1999). 

Clinical experience with MRI has 
demonstrated that structural abnormalities 
of the DSIL are often seen in association 
with abnormal modelling of the distal 
palmar aspect of the navicular bone, with 
focal increased signal in fat suppressed 
images (Dyson �H�W���D�O. 2005). One author has 
suggested that this focally increased signal 
in the distal aspect of the navicular bone 
at the origin of the DSIL on fat suppressed 
images may represent an important early 
event in the aetiopathogenesis of navicular 
disease (Schneider �H�W�� �D�O. 2003). Increased 
signal may also be seen in the navicular 
bone close to the insertion of the CSLs in 
fat suppressed images (Dyson �H�W���D�O. 2005). 
In some horses there is a linear band of 
increased signal in fat suppressed images, 
extending through the middle one-third of 
the navicular bone, from the insertion of the 
CSL to the origin of the DSIL. Abnormalities 
of the CSL have also been associated with 
concurrent abnormalities of the navicular 
bone. Based on our clinical experience, it 
seems that these lesions may be the result 
of abnormal stresses at the attachments of 
the CSL and DSIL on the navicular bone, 
and this may reflect a different mechanism 
of navicular disease development. 

Although endosteal irregularity at the 
insertion of the DSIL on the distal phalanx 
may be seen in both horses with and without 
foot pain (Murray �H�W���D�O. 2006a and b), in some 
lame horses there is evidence of insertional 
desmopathy, characterised by axial cortical 
disruption and / or increased signal in the 
bone at this site in fat suppressed images, 
reflecting bone oedema or necrosis (Dyson 
and Murray, unpublished data). 

The navicular bursa
The incidence and aetiology of primary 
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bursitis of the navicular bursa is not known, 
nor is its relationship to the development 
of navicular disease. Villous hypertrophy, 
hyperplasia of synovial lining cells and 
venous congestion have been described in 
association with navicular disease, whereas 
the synovial membrane appeared uniform 
in 6 normal horses of undetermined age 
(Svalastoga and Nielsen 1983). However in 
another study comparing immature horses, 
horses with navicular disease and age-
matched controls, 3 of 25 age matched 
controls had evidence of asymptomatic 
chronic synovitis. In both the navicular 
disease group and the age-matched controls 
mild hyperplasia and hypertrophy was seen 
which was not present in immature horses 
up to 3 years of age (Wright �H�W���D�O. 1998).   In 
a more recent study, there was no evidence 
of acute inflammation within the navicular 
bursa in horses with palmar foot pain or 
age-matched control horses (Blunden �H�W���D�O. 
2006a), however lame horses had marked 
chronic synovial proliferation compared 
with control horses (Blunden �H�W�� �D�O. 2006a; 
Murray �H�W�� �D�O. 2006a). There was a positive 
association between abnormalities of the 
bursa and lesions of either the dorsal 
aspect of the DDFT or the flexor aspect of 
the navicular bone. Clinical experience with 
MRI has indicated that abnormal distension 
of the bursa is a frequent finding in lame 
horses, but is rarely seen in isolation (Dyson 
�H�W���D�O. 2005).

Associations between 
injuries
It is clear from our recent post mortem 
study, and from clinical experience using 
MRI, that frequently several structures are 
affected concurrently. It is common to see 
various combinations of abnormalities of 
the navicular bone, DDFT, DSIL, CSL and 
the collateral ligaments (CL) of the DIP 
joint. Clinical MR examination of 264 horses 
with forelimb foot pain revealed 6 with 
abnormalities of the navicular bone alone; 
29 with concurrent DDFT and navicular bone 
abnormalities; 60 with various combinations 
of abnormalities of the navicular bone, DSIL, 
DDFT or CSL; 46 horses with CL injury of 
the DIP joint in combination with lesions 
of the DDFT, CSL, DSIL or navicular bone; 
and 25 horses with abnormalities of 5 or 
more structures (Dyson and Murray 2007b). 
The sequence of injury occurrence remains 
speculative. It is possible that degenerative 
changes in several structures may predispose 
to concurrent injury. The navicular bone, 

CSL and DSIL act as a unit, so presumably 
undergo similar biomechanical stresses. 
Alternatively, injury to one structure may 
cause low grade instability, predisposing to 
injury of closely related structures. 

What causes pain?
Pain associated with navicular disease may 
be due to venous congestion of the navicular 
bone. Dilated venules and sinusoids 
entrapped in fibrous marrow have only been 
identified in horses with navicular disease 
(Pool �H�W�� �D�O. 1989). Raised intra-osseous 
pressure has been measured in horses with 
navicular disease (Svalastoga and Smith 
1983; Pleasant �H�W�� �D�O. 1993). Distension of 
the navicular bursa may cause pain. The 
contribution of other causes or sources of 
pain remains open to speculation, although 
many sensory nerve endings have also 
been identified in the CSLs and the DSIL 
(Bowker �H�W�� �D�O. 1993, 1997), and given the 
high frequency of occurrence of concurrent 
abnormalities in these structures it is likely 
that these nerve endings may be important 
in pain mediation.

The future
It is clear that degrees of adaptive and reactive 
change occur in the navicular apparatus of all 
horses. We need to understand better both 
the factors that stimulate their progression 
and what causes pain. Identification of 
genetic and biomechanical risk factors would 
be useful. Study of early cases of navicular 
disease should help to establish better the 
interrelationship between abnormalities of 
the DDFT, navicular bone, CSL and DSIL. 
We need to determine what factors lead to 
vascular and matrix changes in the DDFT. 
Further research into the sensory nerve 
supply to the navicular apparatus may help 
in understanding what causes pain and 
therefore lameness, and how it may be 
treated.
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Since the advent of the clinical use of 
magnetic resonance imaging (MRI) we have 
recognised that injuries of the deep digital 
flexor tendon (DDFT) are one of the most 
one common causes of foot pain (Dyson 
�H�W�� �D�O. 2003; 2004; 2005). Lesions may 
occur alone, in conjunction with navicular 
bone pathology or as one of a complex of 
injuries. 

Functional anatomy
Within the digit, the DDFT induces axial 
compression of the articular surfaces 
of the proximal (PIP) and distal (DIP) 
interphalangeal joints. It has an important 
role in stabilising the DIP joint. The anatomical 
arrangement of the collateral sesamoidean 
ligaments facilitates compression of the 
articular surfaces of the navicular bone into 
those of the middle and distal phalanges. 
The DDFT has a dorsal fibrocartilaginous pad 
that supports pressure of the �W�X�E�H�U�R�V�L�W�D�V��
�I�O�H�[�R�U�L�D, the transverse prominence on 
the proximopalmar aspect of the middle 
phalanx. 

The relationship of the DDFT to the navicular 
bone varies with the phase of the stride. 
During the full weight-bearing stance of 
the stride the DDFT is only in contact with 
the distal aspect of the bone, whereas in 
the propulsion phase the DDFT bends over 
the middle scutum (the fibrocartilaginous 
insertion of the straight sesamoidean 
ligament on the middle phalanx) and comes 
into full contact with the navicular bone. 
Tension in the DDFT is maximal, and active 
muscle contraction and the elasticity in the 
tendon and in its accessory ligament result in 
extension of the DIP joint. At the beginning 
of the swing phase of the stride the tension 
in the DDFT contributes passively to induce 
flexion of the interphalangeal joints. During 
extension of the DIP joint, which is maximum 
at the propulsion phase of the stride, pull on 
the DDFT creates a shear force between the 

DDFT and the DSIL.

What is normal?
A comparative study of MR images of 
horses with and without DDFT injuries 
demonstrated that there was strong left 
forelimb and right forelimb symmetry in the 
cross-sectional area (CSA) of the DDFT, and 
within limbs there was strong medial lateral 
symmetry (Murray �H�W�� �D�O. 2004). There was 
a positive correlation between bodyweight 
and CSA. CSA increased in association with 
core lesions of the DDFT.

A second study compared horses with 
foot pain and age matched control horses. 
Lesions of the DDFT were graded in severity 
as absent, mild, moderate or severe (Murray 
�H�W���D�O. 2005). In the majority of sound horses 
lesions of the DDFT were absent (85%) or 
graded mild (15%), whereas in the lame 
group moderate (41%) and severe (35%) 
lesions predominated.

Lesion types and correlation 
of MR signal abnormalities 
and pathology
Several lesion types have been described, 
including core lesions, focal or diffuse dorsal 
border lesions and sagittal plane splits 
(Dyson �H�W�� �D�O. 2003). A comparative MRI 
and post mortem study demonstrated good 
correlation between lesions of the DDFT 
and both gross and histological lesions of 
the DDFT (Murray �H�W�� �D�O. 2006; Blunden �H�W��
�D�O. 2006). 

Risk factors
Hoof conformation and angles of the distal 
phalanx

A recent study in 31 sound cross-bred horses 
investigated the relationship between foot 
conformation and the force applied to the 
navicular bone by the DDFT (Eliashar �H�W���D�O. 
2004). There was no relationship between 
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conformation of the heels as assessed 
radiographically and theoretical forces 
applied to the navicular bone by the DDFT, 
however there was a negative correlation 
between the angle between the solar margin 
of the distal phalanx and the horizontal and 
the force applied to the navicular bone. It 
was concluded that a decrease in this angle 
by 1�„ would increase the DDFT force on the 
navicular bone by 4%.  

In a recent study we hypothesised that 
horses with deep digital flexor tendonitis 
would have a more acute angle of the distal 
phalanx to the horizontal compared with 
horses free from lameness (Smith �H�W�� �D�O. 
2004). The objectives of this study were to 
determine the repeatability of measurements 
of various angles of the distal phalanx and 
hoof capsule, and to determine whether 
there was any relationship between these 
measurements and the prevalence of DDFT 
injury, comparing sound horses with those 
with DDFT lesions. There were no significant 
differences in the distal phalanx angles 
between horses of mixed breeds with and 
without deep digital flexor tendonitis in 
the digit. However, Thoroughbred horses 
with deep digital flexor tendon lesions had 
a trend towards more acute distal phalanx 
angles than clinically sound Thoroughbred 
horses.

Discipline
A previous study demonstrated that horses 
that jump had a higher frequency of 
occurrence of DDFT injuries than horses 
from other disciplines (Dyson �H�W���D�O. 2004). A 
more recent study indicated that elite show 
jumpers were particularly at risk (Tranquille 
�H�W���D�O. 2004).

Clinical features
Primary lesions of the DDFT as the principle 
cause of lameness have been seen in 
80 horses between January 2001 and 
March 2005.  Horses presented with either 
unilateral (n=48) or bilateral (n=30) forelimb 
lameness or unilateral hindlimb lameness 
(n=2). Lameness often improved with rest 
but was exacerbated by work. Lameness 
varied considerably in degree, but was 
usually worst on a circle on a hard surface. 
There were usually no localising clinical 
signs, although some horse pointed at rest. 
Palmar digital analgesia rendered 25 horses 
(31%) sound; improved lameness > 50% in 
a further 33 (41%), but produced no change 
in 22 (27%). Intra-articular analgesia of the 

DIP joint improved or abolished lameness 
in 41 of 75 horses (55%), but produced 
little change in 34 (45%). Intra-thecal 
analgesia of the navicular bursa  resulted in 
improvement in lameness in 25 of 37 horses 
(68%). Intra-thecal analgesia of the digital 
flexor tendon sheath improved lameness in 
8 of 16 horses (50%).

Nineteen of 76 horses (25%) had increased 
radiopharmaceutical uptake (IRU) in the 
region of the DDFT in lateral pool phase 
scintigraphic images. Twenty-four horses 
(32%) had IRU in bone phase images in the 
region of insertion of the DDFT on the distal 
phalanx. Horses with lameness of less  than 
3 months’ duration were more likely to have 
IRU. A very small proportion of horses had 
detectable ultrasonographic abnormalities 
of the DDFT.

Treatment and outcome
Treatment has varied according to the site 
and severity of the lesion(s). Focal lesions 
restricted to the navicular bursa have been 
surgically debrided. Most other lesions have 
been treated conservatively by rest and 
controlled exercise, combined with trimming 
and shoeing according to the individual’s 
foot conformation, with or without shock 
wave therapy.

Follow up information for 76 horses examined 
prior to September 2004 was available.  
Three horses were humanely destroyed 
due to unrelated causes and 2 horses were 
lost to follow up. Nineteen of  71 horses 
(27%) returned to full athletic function; 
eight horses (11%) are sound and in light 
work. Forty-four horses  (62%) have had 
persistent or recurrent lameness.
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Functional anatomy
The middle and distal phalanges and 
the navicular bone comprise the distal 
interphalangeal (DIP) joint. The joint 
capsule is large inserting proximally on the 
middle phalanx. The palmar recesses of 
the DIP joint have a close relationship with 
the collateral sesamoidean ligament (CSL) 
and the distal sesamoidean impar ligament 
(DSIL). Branches of the palmar digital 
nerves lie very close to the joint capsule. 
The common digital extensor tendon inserts 
on the proximodorsal aspect of the distal 
phalanx distal to the extensor process.  
The DIP joint can move in 3 planes, with 
flexion and extension movements in the 
sagittal plane, lateromedial movements in 
the frontal plane and rotation and sliding 
in the transverse plane. During normal load 
bearing and propulsion on a flat level surface 
DIP joint movement is principally flexion 
and extension. On an uneven surface, and a 
circle, or if the foot is unbalanced there are 
passive movements resulting in the distal 
phalanx sliding and twisting relative to the 
middle phalanx. Movement is restricted by 
the collateral ligaments of the DIP joint, 
the deep digital flexor tendon (DDFT), the 
distal digital annular ligament (DDAL) and 
the DSIL and CSLs. The degree of sliding 
and axial rotation within the DIP joint may 
predispose to injury of the DIP joint, and 
may explain why lameness associated with 
the DIP joint is frequently accentuated 
on a circle. The collateral ligaments of 
the DIP joint originate from depressions 
on the distal medial and lateral aspects 
of the middle phalanx and insert both in 
small depressions on the dorsomedial and 
dorsolateral aspects of the distal phalanx 
close to the joint margins and to the dorsal 
aspect of the medial and lateral cartilages of 
the foot. Their function is to support the DIP 
joint in its movements in sagittal, frontal 
and transverse planes. 

Uses and limitations of local 
analgesia
Pain associated with the DIP joint is often 
improved by perineural analgesia of the 
palmar digital nerves and is sometimes 
alleviated fully (Schumacher �H�W�� �D�O. 2000b). 
However, in some horses perineural 
analgesia of the palmar nerves at the level 
of the proximal sesamoid bones is required 
to completely eliminate lameness.

Intra-articular analgesia of the DIP joint is 
not specific for pain involving the joint itself 
(Schumacher �H�W�� �D�O. 2000; Dyson 1991; 
Dyson & Kidd 1993; Dyson 1998). There 
is the potential to remove pain from the 
navicular bone, the insertions of the DSIL and 
the DDFT on the distal phalanx, the palmar 
processes of the distal phalanx and the 
sole, even at the toe. A standard approach 
is suggested to help in the interpretation of 
the response.   A maximum volume of 6 ml 
of local anaesthetic solution should be used. 
After injection via a dorsal midline approach 
the horse should stand still until re-assessed 
5 minutes after injection. Check whether or 
not sensation remains around the coronary 
band and whether any response to hoof 
testers has been eliminated, to determine 
to some extent the specificity of the block. 
Lameness caused by primary DIP joint pain 
is usually improved rapidly and substantially 
by intra-articular analgesia. If the lameness 
persists, re-assess the horse after a further 
5 minutes. If lameness is still apparent 
it is unlikely that the DIP joint is the 
primary source of pain. However after this 
time the block could still result in further 
improvement in lameness due to diffusion 
of local anaesthetic solution to adjacent 
structures, thereby potentially confounding 
the response to any other block performed 
at this stage. Intra-articular analgesia of 
the DIP joint can substantially improve 
lameness associated with navicular disease  
within 5 minutes of injection, although 
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20 % of horses with navicular bone pain 
had a negative response to intra-articular 
analgesia of the DIP joint. Therefore the 
result of intra-articular analgesia of the DIP 
joint is best interpreted in comparison with 
the response to analgesia of the navicular 
bursa.

A slight or negative response to intra-
articular analgesia of the DIP joint does 
not completely rule out a response to 
treatment of the joint, especially if there is 
distension of the joint capsule. Medication 
of the joint with for example, hyaluronan 
and triamcinolone (10mg) may sometimes 
resolve lameness which was not altered by 
intra-articular analgesia.
 
Retrieval of synovial fluid from the DIP 
joint depends on the synovial fluid pressure 
within the joint and the position of the 
needle. Using a dorsal approach to the 
joint and a 20 gauge needle, synovial 
fluid usually appears spontaneously in the 
needle hub and, if the joint capsule is 
distended, may flow out under pressure. 
Relief of this pressure may itself help to 
resolve lameness. However  not all horses 
which have considerable pressure within the 
DIP joint respond either to intra-articular 
analgesia or medication of the joint. The 
pressure within the DIP joint also goes up if 
the contralateral limb is picked up, therefore 
if the contralateral limb is picked up to aid 
restraint of the horse for injection of the 
DIP joint of the ipsilateral limb, there will be 
tendency for back flow to occur through the 
needle puncture site, until the contralateral  
limb is replaced to the ground.

Synovitis and osteoarthritis
Distension of the DIP joint can occur 
secondary to many causes of foot pain and 
is not necessarily a hallmark of primary 
DIP joint disease. Acute synovitis usually 
results in distension of the DIP joint capsule 
and lameness that is abolished by intra-
articular (IA) analgesia. Synovial fluid will 
usually leak spontaneously from the joint, 
sometimes like a fountain. Relief of raised 
IA pressure may in itself result in long term 
improvement in the lameness. Treatment 
by IA medication with corticosteroids and 
hyaluronan should produce long term relief 
of lameness. Recurrence of  lameness is 
suggestive of another underlying disease.

Osteoarthritis of the DIP joint can occur 
with or without radiographic abnormalities. 

Radiographic abnormalities include 
modelling of the dorsal articular margins of 
the middle and distal phalanges, modelling 
of the distal palmar articular margins of the 
middle phalanx and periarticular osteophyte 
formation on the proximodorsal aspect of the 
navicular bone. Flexed oblique radiographic 
views can help to identify periarticular 
modelling. In some horses there is more 
extensive new bone on the dorsal diaphyseal 
region of the middle phalanx. Radiographic 
changes can be present in sound horses, 
therefore identification of abnormalities 
does not necessarily indicate the joint as a 
source of current pain.

Although usually a disease of mature sports 
horses and pleasure horses, sudden onset 
and rapidly developing OA has been seen 
in some young Thoroughbred racehorses. 
Lameness is usually rapidly abolished by IA 
analgesia. Exploratory arthroscopy may be 
necessary for definitive diagnosis in some 
horses; this may be recommended if the 
results of IA medication are disappointing. 
However only limited aspects of the articular 
surface can be evaluated. MRI has the 
potential to identify cartilage & subchondral 
bone pathology and has been used as 
a tool to determine which horses might 
respond to I-WrapR (Weinberger, T., personal 
communication 2006).

Traumatic damage of the 
joint capsule
Traumatic damage to the joint capsule, with 
or without subchondral bone trauma,  usually 
results in sudden onset severe  lameness 
which  persists despite rest. Lameness may 
be markedly accentuated when the horse 
turns.  In the acute stage no abnormalities 
will be detected on radiographic examination. 
However periarticular new bone may develop 
after several weeks. Nuclear scintigraphic 
examination may reveal generalised 
increased uptake of the radiopharmaceutical  
in the region of the DIP joint. Arthroscopic 
evaluation of the joint in these horses has 
been unrewarding. The response to intra-
articular medication has been poor and the 
prognosis for return to athletic function, 
despite prolonged rest is guarded.

Subchondral bone trauma
Subchondral bone trauma may be focal or 
more generalised and usually is associated 
with unilateral lameness, which responds 
poorly to intra-articular medication and 
short periods of rest. There may be no 
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detectable radiological abnormalities in the 
acute stage. Nuclear scintigraphy or MRI is 
required for definitive diagnosis. 

Small mineralized fragments 
adjacent to the extensor 
process of the distal phalanx
Small mineralized fragments adjacent to the 
extensor process of the distal phalanx may 
represent separate centres of ossification, 
be a manifestation of osteochondrosis, or 
occasionally arise as fractures. They can 
be of variable size or shape and be present 
unilaterally or bilaterally without associated 
lameness. 

Large extensor process 
fragment of the distal 
phalanx 
Large extensor process fragments of the 
distal phalanx involve a substantial (up to 
one-quarter) proportion of the articular 
surface. They tend to be recognised in young 
horses when first starting work, and may 
occur unilaterally or bilaterally. Lameness 
is usually sudden in onset and may be 
unilateral despite the presence of bilateral 
fragments. There is often subtle distortion 
of the shape of the dorsal aspect of the 
foot. Such fractures are readily identified in 
lateromedial radiographic views and usually 
appear chronic. There is often extensive 
sclerosis of the more palmar aspects of the 
distal phalanx. Such fragments have been 
seen in Warmblood horses in Great Britain 
and have also been described in Friesian 
horses. Although a favourable prognosis has 
been described following surgical removal 
of these fragments (terBraake 2005), there 
are no reports of horses returning to full 
athletic function.

Other intra-articular 
fractures
Sagittal and parasagittal fractures of the 
distal phalanx are usually intra-articular. 
Lameness is generally acute & severe. 
There is generally a positive response to 
hoof testers. Diagnosis is easily achieved 
radiographically, although for some 
parasagittal fractures oblique views in the 
plane of the fracture are required. Fractures 
of the palmar processes of the distal 
phalanx may have less obvious localizing 
clinical signs and  are often only detectable 
on oblique radiographic views. Careful 
inspection may be required to determine 
whether the fracture is intra-articular. 

In adult horses sagittal and parasagittal 
fractures warrant a guarded prognosis for 
return to full athletic function whereas 
palmar process fractures generally have a 
favourable prognosis with appropriate rest, 
although complete radiographic bony union 
may not be achieved. 

Articular chip fractures of either the medial 
or lateral condyle of the middle phalanx are 
an occasional cause of acute onset lameness. 
Such fractures can only be detected using 
flexed oblique radiographic views of the 
DIIP joint. The prognosis following surgical 
removal is favourable, provided that joint 
stability has not been compromised. Surgical 
repair using arthroscopic guidance is also 
possible.

Injury of the collateral 
ligaments of the DIP joint
Desmitis of a collateral ligament of the 
DIP joint is a common cause of lameness, 
either alone or in combination with other 
injuries (Dyson �H�W���D�O. 2004; Dyson & Murray 
2004). With severe lesions there may be 
localized swelling at the coronary band, but 
frequently there are no localizing clinical 
signs. Lameness is invariable worst on 
a circle, especially on a hard surface. 
Lameness may be improved by palmar 
digital analgesia and abolished  by palmar 
(abaxial sesamoid) nerve blocks. A uniaxial 
ipsilateral block may abolish the lameness 
if the collateral ligament injury is the sole 
cause of lameness. Intra-articular analgesia 
of the DIP joint may improve lameness 
if there is secondary DIP joint pain, but 
lameness may be unaffected. In a small 
proportion of cases there will be a small 
osseous-cyst like lesion in the distal phalanx 
close to the insertion of the injured ligament. 
In chronic cases there may be entheseous 
new bone at the ligament’s origin on the 
middle phalanx. 

Ultrasonography is useful for detection of 
some lesions, but only a limited length of 
the ligament is accessible for examination. 
The ligaments vary in size between and 
within horses. Definitive diagnosis requires 
identification of an enlarged ligament 
with an area of reduced echogenicity. The 
overlying soft tissues may be thickened. 
A negative result does not preclude 
significant collateral ligament injury. It is 
easy to create hypoechogenic artefacts. 
Nuclear scintigraphy is a very specific 
means of detecting collateral ligament 
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injury, but is not very sensitive. Increased 
radiopharmaceutical uptake at the ligament’s 
insertion on the distal phalanx reflects injury 
to the ligament anywhere in its length, not 
necessarily at the insertion. MRI is the most 
sensitive technique for diagnosis of both 
ligamentous injury and secondary osseous 
changes at either the origin or insertion of 
the ligament or  bone trauma of the middle 
or distal phalanges.

Osseous cyst-like  lesions of 
the distal phalanx
Osseous cyst-like lesions (OCLLs) of the 
distal phalanx can be seen as incidental 
radiographic findings or in association with 
lameness. Most OCLLs that are associated 
with lameness are in a axial location close 
to the DIP joint, but communication with the 
joint may not be evident radiographically. 
Some OCLLs are seen as incidental findings 
in a sound horse, only later to cause acute 
onset lameness. Lameness may or may not 
be influenced by intra-articular analgesia of 
the DIP joint. Some OCLLS are associated 
with IRU, whereas others are not. Large 
OCLLs have been treated successfully by 
surgical debridement. 

MRI has also permitted identification of small 
OCLLs very close to the articular margin of 
the distal phalanx that were not evident 
radiographically. These were  associated 
with acute onset severe lameness & focal 
intense IRU.

Osseous cyst-like lesions 
associated with the insertion 
of a collateral ligament of the 
distal phalanx

OCLLs at the insertion of the medial or 
lateral collateral ligament of the distal 
phalanx have been seen in association with 
insertional injury or with more proximal 
injuries of the ligament. Some are evident 
radiographically in a suitably exposed 
dorsoproximal-palmarodistal oblique view 
of the distal phalanx, whereas others have 
only been detectable using MRI. Some 
limited success of surgical debridement has 
recently been reported (Smith �H�W���D�O. 2005). 
Generally the presence of such lesions 
warrants a guarded prognosis.

Subluxation of the DIP joint
Subluxation of the DIP joint may occur 
secondary to partial rupture of the deep 

digital flexor tendon (DDFT) as a sequel 
to either palmar digital neurectomy or 
alternatively following partial transection of 
the tendon, which is usually the result of 
trauma to the palmar aspect of the pastern. 
Complete disruption of the DDFT  results 
in elevation of the toe during load bearing. 
Partial disruption may not result in obvious 
change in posture, although subluxation of 
the joint will be apparent radiographically. 
Partial disruption secondary to previous 
neurectomy is usually associated with marked 
soft tissue swelling on the palmar aspect of 
the pastern. Ultrasonographic examination 
will reveal subcutaneous echogenic material 
and enlargement of the DDFT.
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Fracture of  a palmar process 
of the distal phalanx
Fractures of a palmar process of the distal phalanx 
in racehorses have been well documented, 
but their occurrence in horses from other 
disciplines is not. A retrospective study of non-
racehorses examined at the Animal Health Trust 
between January 1994 and December 2003 
was performed (Robson �H�W�� �D�O. 2004). Twenty-
two horses were identified which had a fracture 
of either the medial or lateral palmar process 
of the distal phalanx. Twenty-one fractures 
involved a forelimb. Fractures of the medial 
palmar process predominated (17/22, 77%). 
Eight fractures were articular and 14 were non-
articular. All fractures were simple; 15 were 
complete and 7 were not complete. Nineteen 
fractures were non-displaced. Horses ranged 
in age from 3 to 14 years, with a mean age of 
8.4 years. There was an over-representation 
of mares (12 mares, 10 geldings) and general 
purpose horses (eventing 4, show jumping 3, 
general purpose 15) compared with the normal 
clinic population.  A variety of breeds were 
represented (Thoroughbred 4, Thoroughbred 
cross 7, Warmblood 3, pony 1 and other 4).

Lameness had been acute in onset but varied 
in degree. Lameness was invariably worst on a 
circle on a hard surface. In the majority of horses 
digital pulse amplitudes were normal and there 
was no response to hoof testers. 

In 8 horses (30%) the fracture was only identified 
in a flexed oblique view of the distal phalanx, and 
in a further 3 horses (20%) the fracture was 
identified in only the flexed oblique view or a 
palmaroproximal-palmarodistal oblique view of 
the palmar processes. Thus in 50% of horses 
the fracture was not identified in standard 
radiographic views. Scintigraphic examination 
of the front feet was performed in 12 horses 
at the request of the referring veterinarian. In 
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10 horses there was focal intense increased 
radiopharmaceutical uptake (IRU); in 1 horses 
there was moderate focal IRU and in 1 horses 
there was mild focal IRU.

Horses were treated by box rest and application 
of a bar shoe. All horses made a complete 
functional recovery.

Frontal plane fracture of a 
palmar process of the distal 
phalanx
Frontal plane fractures of the distal phalanx 
are not common, but do occur causing acute 
onset severe lameness. Such fractures are 
usually only detectable in palmaroproximal –
palmarodistal oblique radiographic views of the 
palmar processes of the distal phalanx, and will 
be missed unless the radiograph is adequately 
exposed. Lameness is abolished by an ipsilateral 
uniaxial palmar digital nerve block. Nuclear 
scintigraphic examination is unnecessary for 
diagnosis, but may prompt obtaining additional 
radiographic views to identify the fracture. Most 
fractures usually resolve satisfactorily with box 
rest. However, one horse had a delayed union 
fracture associated with ipsilateral injury of the 
collateral ligament of the distal phalanx, which 
may have predisposed to instability.

Fracture of an ossified 
cartilage of the foot
Ten of 2700 horses examined at the Animal 
Health Trust from January 1998 – November 
2004, were diagnosed with a fracture of one 
or more ossified cartilages (Dakin �H�W���D�O. 2006). 
All horses had lameness ranging from grade 
2-6 (on a scale of 0 – 8), although in 5 horses 
concurrent injuries were identified which may 
have contributed to the severity of lameness.  
In all horses there were no localising clinical 
signs such as increased digital pulse amplitude 
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or response to hoof testers, although this may 
reflect chronicity of injury.

All horses had significant ossification of the 
hoof cartilages evident radiographically, ranging 
from grade 3 – 5 (Ruohoneimi �H�W�� �D�O. 1993).  
Ossification was generally symmetrical. Separate 
centres of ossification were present in 6 of the 10 
horses. Geldings were diagnosed with a fracture 
of the ossified cartilage more frequently than 
mares, reflecting the predominance in the clinic’s 
population. The base of the cartilage of the foot 
was a predilection site for fracture. There was a 
slight trend for  the medial ossified cartilage to 
be more commonly fractured (58 %). 

Cob-type or Thoroughbred cross breed horses 
were more likely to sustain a fracture to the 
ossified cartilage of the foot compared with other 
breeds examined at the clinic. Affected horses  
tended to have a bigger build and greater body 
weight to height ratio in comparison with horses 
with other causes of lameness. However these 
are observations made from a small population 
of referral horses and may not necessarily be 
representative of the general horse population. A 
subsequent study has shown that the degree of 
ossification of the cartilages of the foot is related 
to breed (cob types and large Native pony 
breeds) and bodyweight to height ratio (Down 
�H�W���D�O. 2006).

Current perineural analgesic techniques are not 
specific for the cartilages of the foot.  Diagnostic 
analgesia localised lameness to the foot in 8 
horses, 7 horses improving to either analgesia of 
the palmar digital or palmar (abaxial sesamoid) 
nerves.  A palmar (abaxial sesamoid) nerve block 
failed to affect lameness in one horse, which 
showed delayed improvement after palmar and 
palmar metacarpal nerve blocks proximal to 
the fetlock. The clinical signs exhibited by this 
horse were typical of foot pain and there 
was no other explanation for lameness. 
Such anomalous responses to perineural 
analgesia are occasionally seen, but poorly 
understood. A unilateral block, ipsilateral to 
the side of fracture, may help to determine if 
the fracture is the sole cause of lameness.

Analgesia of the DIP joint is unlikely to 
abolish lameness associated with a fracture 
of the ossified cartilages of the foot, due to 
the non-articular location of these fractures.  
However a positive response was observed 
in one horse when blocked by the referring 
veterinary surgeon. This could be explained 
by diffusion of mepivacaine to the palmar 
digital nerves. Analgesia of the distal 

interphalangeal joint also has the potential 
to relieve pain associated with insertional 
pathology of the deep digital flexor tendon 
subsequently identified in this horse. 

Fractures of the ossified cartilages were 
evident radiographically in all horses.  
However, fracture configuration often 
meant that these were only visible on 
dorsopalmar, dorsoproximal-palmarodistal 
views of the foot and flexed oblique views 
of the interphalangeal joints. Eleven of 
the 12 fractures were simple, and non-
displaced, although it was often not easy 
to determine whether they were complete 
or incomplete. The presence of separate 
centres of ossification in some horses made 
identification of some fractures more difficult. 
However, the contour of the fractures was 
often sharp and irregular, in comparison 
with the more smoothly outlined separate 
centres of ossification.

One horse had a very subtle radiolucent line 
at the base of the lateral ossified cartilage, 
which was only evident on dorsopalmar 
and dorsoproximal-palmarodistal oblique 
coned views centred over this area. This 
horse also had a modelled contour to 
the lateral aspect of the ossified cartilage 
visible on the dorsopalmar view. Overall, 
diagnosis of these fractures was open to 
misinterpretation using radiography alone, 
because of the subtle nature of the fracture 
lines seen radiographically in some horses.

Nuclear scintigraphy was particularly 
useful for supporting the radiographic 
diagnosis. Ruohoniemi �H�W�� �D�O. (2004) found 
that radiopharmaceutical uptake was 
not related to ossification grade of the 
cartilages.  Separate centres of ossification 
did not have IRU. In our experience, ossified 
cartilages of the foot without fracture or 
separate ossification centres do have 
radiopharmaceutical uptake, but less than 
in the distal phalanx. There is a proximal 
to distal increase in RU (Nagy �H�W���D�O. 2006), 
probably reflecting increased modelling at 
the base of the ossified cartilage related to 
greater biomechanical forces at this site. 

Solar and dorsal images provided the most 
information in localising the region of IRU 
to the palmar process / ossified cartilage of 
the foot.  Fractures of the ossified cartilage 
tended to have intense focal IRU in the 
region of the fracture and analysis of the 
dorsal scintigraphic views showed that IRU 
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often extended proximally into the ossified 
cartilage.

Conservative management in 6 horses 
resulted in a successful outcome. The 
prognosis for a fracture of an ossified 
cartilage of the foot appears to be 
favourable. However, other concurrent 
injuries may influence prognosis. Two 
horses had concurrent desmitis of the 
ipsilateral collateral ligament of the distal 
interphalangeal joint.

Osseous trauma associated 
with moderate to severe 
ossification of a cartilage of 
the foot
Several hoses with moderate or severe 
ossification of  a cartilage of the foot have 
had focal IRU at the base or in the ipsilateral 
aspect of the distal phalanx which has 
not been associated with any detectable 
radiographic abnormality, but has been seen 
in association with a region of increased 
signal intensity on fat suppressed MR 
images, reflecting bone trauma.

Large extensor process 
fragment of the distal 
phalanx
Large extensor process fragments of the 
distal phalanx involve a substantial (up to 
one-quarter) proportion of the articular 
surface. They tend to be recognised in young 
horses when first starting work, and may 
occur unilaterally or bilaterally. Lameness 
is usually sudden in onset and may be 
unilateral despite the presence of bilateral 
fragments. There is often subtle distortion 
of the shape of the dorsal aspect of the 
foot. Such fractures are readily identified in 
lateromedial radiographic views and usually 
appear chronic. There is often extensive 
sclerosis of the more palmar aspects of the 
distal phalanx. Such fragments have been 
seen in Warmblood horses in Great Britain 
and have also been described in Friesian 
horses. Although a favourable prognosis has 
been described following surgical removal 
of these fragments (terBraake 2005), there 
are no reports of horses returning to full 
athletic function.

Primary bone trauma of the 
distal phalanx
Primary bone trauma is a diagnosis made 
using magnetic resonance (MR) imaging 
and is characterised by a region of low 

signal intensity in T1 weighted images and 
high signal intensity in fat suppressed or fat 
suppressed  images. It is usually associated 
with acute onset severe lameness. In some 
horses there has been  a focal response 
to hoof testers and an increase in digital 
pulse amplitudes, but in other horses there 
have been no localizing clinical signs. The 
response to local analgesic techniques 
depends on the site of bone trauma. There 
are no detectable radiological abnormalities. 
Nuclear scintigraphic examination has 
revealed moderate to intense IRU usually 
correlating well with the region of altered 
signal intensity on MR images. Lameness 
has usually taken many months to resolve 
fully, although the long term prognosis has 
been excellent.

One horse with massive symmetrical 
ossification of the cartilages of the foot 
had evidence of bone trauma at the base 
of the medial ossified cartilage of the foot 
extending into the medial aspect of the 
distal phalanx, in association with biaxial 
desmitis of the collateral ligaments of the 
distal phalanx.

Trauma of the distal phalanx 
secondary to a penetrating 
injury
Several horses have been identified with 
evidence of trauma to the distal phalanx 
secondary to a penetrating injury, despite 
the absence of any history of such injury. The 
diagnosis has been based on MR imaging. 
There has been a focal area of altered signal 
intensity in the distal phalanx associated 
with evidence of haemosiderin deposition 
along the site of a penetrating tract.

Osseous cyst-like  lesions of 
the distal phalanx
Osseous cyst-like lesions (OCLLs) of the 
distal phalanx can be seen as incidental 
radiographic findings or in association with 
lameness. Most OCLLs that are associated 
with lameness are in a axial location close 
to the DIP joint, but communication with the 
joint may not be evident radiographically. 
Some OCLLs are seen as incidental findings 
in a sound horse, only later to cause acute 
onset lameness. Lameness may or may not 
be influenced by intra-articular analgesia of 
the DIP joint. Some OCLLS are associated 
with IRU, whereas others are not. Large 
OCLLs have been treated successfully by 
surgical debridement. 
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MRI has also permitted identification of small 
OCLLs very close to the articular margin of 
the distal phalanx that were not evident 
radiographically. These were  associated 
with acute onset severe lameness & focal 
intense IRU.

Osseous cyst-like lesions 
associated with the insertion 
of a collateral ligament of the 
distal phalanx
OCLLs at the insertion of the medial or 
lateral collateral ligament of the distal 
phalanx have been seen in association with 
insertional injury or with more proximal 
injuries of the ligament. Some are evident 
radiographically in a suitably exposed 
dorsoproximal-palmarodistal oblique view 
of the distal phalanx, whereas others have 
only been detectable using MRI. Some 
limited success of surgical debridement has 
recently been reported (Smith �H�W���D�O. 2005). 
Generally the presence of such lesions 
warrants a guarded prognosis.
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Indications for nuclear 
scintigraphic examination 
include:
•  Localisation of pain to a region, 

but inability to identify a potential 
cause of pain using radiography and 
ultrasonography. In this situation a 
targeted 3 phase (vascular, pool & bone) 
examination should be performed.

•  Assessment of the possible significance 
of equivocal radiological abnormalities.

•  Acute onset of lameness and clinical 
suspicion of a fracture, or stress – 
related bone injury that cannot be 
identified radiographically. 

•  Failure to localise the source of pain 
using local analgesic techniques.

•  Inability to perform local analgesic 
techniques safely due to the dangerous 
behaviour of the horse. 

•  Lameness in several limbs which 
may make local analgesic techniques 
difficult to interpret if blocks in one 
limb are wearing off, when blocks in 
another limb are taking effect.

•  A racehorse with a history of lameness 
at high speeds, which is not currently 
lame, but is suspected of having stress-
related bone injury. These horses may 
have more than one focus of injury, 
and whole body examination may be 
justified.

•  Intermittent lameness that cannot be 
reproduced in order to satisfactorily 
perform local analgesic techniques

•  Suspected thoracolumbar or pelvic 
region pain

•  Poor performance of ill-defined cause

As far as possible the examination should 
be as focussed as possible. Obviously 
this is not always possible, and with a 

hindlimb lameness which does not respond 
to local analgesic techniques examination 
of the entire hindlimb and pelvic region 
may be justified. Whole body screening 
is time consuming and often unrewarding 
and potentially exposes personnel to 
unnecessary levels of radiation. Even with 
a horse presenting with a history of poor 
performance a comprehensive clinical 
examination, including ridden exercise, 
should be performed by an experienced 
clinician used to dealing with that type of 
sports horse. This usually allows a more 
targeted scintigraphic examination to be 
performed. 

Normal variants/ incidental 
abnormalities include:
Focal IRU in a tuber ischii but normal 
region of distribution i.e. no change in 
shape of tuber ischii (but could reflect 
enthesopathy)
Focal IRU in cranioproximal aspect of tibia 
(but could reflect enthesopathy)
Greater RU in proximolateral aspect of MtIII 
in plantar images – reflects normal pattern 
of loading
Focal IRU associated with an exostosis on 
the proximolateral aspect of MtIII
Focal IRU on the dorsoproximal diaphyseal 
region of the proximal phalanx (usually 
bilateral)
RU in physes in immature horses
Diffuse linear IRU dorsal cortex MtIII
RU in the central & third tarsal bones is 
variable, & although normal patterns have 
been described, in some horses there may 
be focal IRU unrelated to distal hock joint 
pain

Potential artefacts include:
Focal RU on skin surface reflecting urine 
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contamination
Linear IRU on cranial aspect of tibia due to 
recently performed fibular (peroneal) nerve 
block

Which images to obtain?
Depends on clinical  presentation
Foot: lateral, plantar and solar
Fetlock: lateral, flexed lateral & plantar; 
occasionally skyline image helpful, although 
not easy to obtain
Hock: lateral & plantar
Stifle : lateral (caudal images occasionally 
useful if IRU identified in lateral image)
Coxofemoral joint: lateral
If IRU seen in diaphysis of tibia, may be 
worthwhile to obtain images centred on 
area of IRU & both lateral & caudal images

Image acquisition: 
Motion correction very valuable for regions 
proximal to foot.
In mature horses aim for at least 150,000 
counts in lateral images; 2 minute 
acquisitions usually adequate unless the 
horse has poor perfusion.
Position limbs with metatarsal region vertical 
to try to get standardised images facilitating 
any quantitative comparisons or overlay of 
radiographic images.
Use lead shield to mask contralateral 
hindlimb for lateral images; if very difficult 
horse then ‘split’ the limbs; use lead shield 
to mask forelimbs when acquiring plantar 
images.
Support foot on block to facilitate keeping 
it still for solar acquisition (foot in shoeing 
position against vertical camera).

Image interpretation can be confounded by 
poor perfusion of the distal aspect of one 
or both HLs & resultant poor delivery of 
radiopharmaceutical. We often see diffuse 
greater RU throughout the lame limb, 
or generalised reduced RU in the lame 
limb distal to a lesion, or less commonly 
diffuse  greater RU throughout the non-
lame limb. There is a variable pattern of RU 
in fetlock, pastern and foot regions between 
horses, but pattern of RU usually bilaterally 
symmetrical

Nuclear scintigraphy has limitations and 
although it is sensitive to stress-resulted 
bone injury, fractures, and subchondral 
bone trauma, it is not necessarily a sensitive 
indicator of osteoarthritis (OA), except 
in joints such as the centrodistal (CD) 
and tarsometatarsal (TMT) joints, when 

there may be extensive involvement of 
subchondral bone even early in the disease 
process, or when there is active periarticular 
new bone formation, or advanced end 
– stage disease with subchondral bone 
involvement. With very low grade lameness 
associated with low grade joint disease, 
scintigraphy is often negative, especially if 
the horse is not in regular work. A horse 
may have obvious lameness associated 
with pain arising from the proximal or 
distal interphalangeal joints, with extensive 
periarticular osteophyte formation, with 
relatively normal radiopharmaceutical 
uptake. Osteochondrosis (OC) lesions of the 
trochlear ridges of the femur, or the distal 
intermediate ridge of the tibia are often 
scintigraphically silent. It has previously 
been suggested that subchondral bone cysts 
(SBCs) or other osseous cyst-like lesions 
(OCLLs) may be scintigraphically silent. 
This may reflect failure to obtain sufficient 
counts to demonstrate the lesion and failure 
to obtain 2 views of the area.  A SBC in the 
medial femoral condyle may be masked 
by uptake in the overlying lateral condyle 
and soft tissues unless sufficient counts 
are obtained. The medial femoral condyle 
is some distance from the gamma camera 
and is shielded by intervening muscle and 
bone, thus contributes substantially less 
radiation than the closer lateral condyle. 
In my experience with good image 
quality SBCs and other OCLLs are almost 
invariably associated with IRU. However, 
some OCLLs in the foot have had normal 
radiopharmaceutical uptake despite causing 
lameness. This may be related to the stage 
of cyst formation.

Following acute injury to bone abnormal 
scintigraphic mages are usually obtained 
within 12 hours to 3 days, however 
occasionally false negative results may be 
obtained. This is particularly true for ilial or 
acetabular fractures, when a positive result 
may not be apparent until 10 to 14 days 
after injury. Mild IRU may be shielded by the 
large overlying muscle mass. Therefore if an 
ilial or acetabular fracture is suspected on 
clinical grounds, and a bone scan obtained 
within a few days of injury is negative, then 
the examination should be repeated after 
approximately 10 days.

Ideally a total count of at least 150,000 
– 200,000 is required for detection of 
significant abnormalities in skeletally 
mature horses. Lower total counts result in 
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lesions being missed. However in skeletally 
immature horses a total count of 100,000 – 
150,000 is usually adequate.  When acquiring 
images using a pre-set acquisition time it is 
essential to recognise when there is low 
radiopharmaceutical uptake in bone, and to 
increase acquisition times accordingly. Low 
radiopharmaceutical uptake in bone results 
in images with poor contrast between the 
soft tissues and the bone and thus poor 
bone detail. It is particularly a problem 
in old horses in which there is reduced 
radiopharmaceutical uptake into bone. In 
fat horses more radiopharmaceutical in the 
thick mass of overlying soft tissues and 
increased scattered radiation reduce image 
contrast. The increased distance between 
bone and the gamma camera also results 
in poor contrast between bone and soft 
tissues. Poor radiopharmaceutical uptake 
into bone is also a problem in horses 
with the ‘cold limb’ syndrome, when a 
variable proportion of the distal limbs may 
have poor uptake, either unilaterally or 
bilaterally. Although many modern software 
programmes allow normalisation of images 
so that images of the left and right limbs 
can be matched up, if there are vast 
differences in radiopharmaceutical uptake, 
image interpretation can still be severely 
confounded. If this is recognised during 
image acquisition then it may be preferable 
to markedly increase the scan time in the 
cold limb, to obtain more similar count rates 
in each limb, but this should be noted and 
recorded. 

An overall increased uptake of 
radiopharmaceutical is sometimes seen 
throughout a lame or a non-lame limb. 
This may confound interpretation. A diffuse 
decrease in uptake of radiopharmaceutical 
in lame limbs has also been described, 
possibly attributable to a compensatory 
increase in uptake in the sound limb due to 
uneven loading. If there is a proximal lesion 
with intense IRU, the more distal parts 
of the limb may be cold, possibly due to 
reduced weight bearing.  However, intense 
IRU in the foot is sometimes associated with 
generalised reduction in uptake in the more 
proximal parts of the limb. 

Knowledge of normal patterns of 
radiopharmaceutical uptake and recognition 
of artefacts are  critical for accurate image 
interpretation. It is critical to realise that 
an area of IRU is not necessarily associated 
with pathological bone modelling, nor 

does it necessarily equate with pain 
causing lameness. It is also necessary to 
recognise that pathological changes may 
be present bilaterally, therefore left versus 
right symmetry of a bone scan does not 
necessarily reflect normality, but may be 
the result of bilateral injury and lameness. 
False negative results i.e. failure to identify 
an  existing lesion may be due to poor image 
quality, failure to obtain appropriate views, 
failure to allow long enough time after 
injury to allow bone turnover to increase, 
or misinterpretation of images.  A negative 
bone scan may also reflect a primary soft 
tissue lesion, for example a meniscal tear 
or proximal suspensory desmitis, conditions 
which are often not associated with IRU.

Radiopharmaceutical in the bladder 
may confound interpretation either by 
superimposition over an area of interest or by 
count capture. Repeated image acquisition 
after urination may be essential. 
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Introduction
The interosseous muscle or  suspensory 
ligament (SL) is commonly injured in 
sports horses, with lesions predominantly 
involving the proximal one-third or the 
branches. For the purposes of this paper 
proximal suspensory desmitis (PSD) refers 
to injury of the SL confined to the proximal 
one-third of the metacarpal or metatarsal 
region. An avulsion fracture at the origin 
of the SL on the palmar (plantar) aspect 
of the third metacarpal bone (McIII) or 
metatarsal bone (MtIII), or stress-related 
bone injury (a stress or fatigue fracture) of  
the palmar (plantar) cortex of McIII or MtIII 
are considered separate conditions. Within 
this definition are  included injuries confined 
to the SL alone, or at the enthesis, or a 
combination of the 2.  Accurate diagnosis 
requires not only ultrasonography and 
radiography, but also nuclear scintigraphy 
and in some cases magnetic resonance 
imaging (MRI). The clinical manifestations 
of PSD differ in forelimbs and in hindlimbs 
and are therefore considered separately.

Proximal suspensory 
desmitis in the forelimb
Proximal suspensory desmitis results in 
sudden onset lameness, which can be 
remarkably transient, resolving within 24 
hours unless the horse is worked hard. In 
horses with more chronic injury lameness 
may be persistent. PSD in forelimbs occurs 
in horses of all ages and from all disciplines. 
Extravagantly moving young dressage 
horses and older upper level competition 
horses are particularly at risk of injury. 
Lameness varies from mild to moderate 
and is rarely severe, unless the lesion is 
extensive and/ or involves the enthesis. 
Lameness in Standardbred racehorses may 

only be apparent at high speeds.  Bilateral 
PSD may result in loss of action rather than 
overt lameness. This occurs more commonly 
in flat racehorses, probably due to failure 
of recognition of earlier, subtle unilateral 
lameness. Lameness is usually worse on soft 
ground, especially with the affected limb on 
the outside of a circle and, when subtle, may 
be more easily felt by a rider than seen by 
an observer. Occasionally lameness is only 
apparent ridden, sometimes with the limb 
on the inside of a circle. Lameness may not 
be apparent at the working trot, but may be 
detectable only at medium or extended trot. 
Lameness is often transiently accentuated 
by distal limb flexion. Presumably this is 
because the SL is relaxed during flexion and 
is then stretched when the limb is again 
loaded. In the acute phase there may be 
slight oedema in the proximal metacarpal 
region, localised heat and distension of the 
medial palmar vein, but these features may 
be transient or absent. Pressure applied to 
the SL against the palmar aspect of the Mc 
III may elicit pain. Forced extension and 
protraction of the limb may elicit pain.

The feet should be evaluated carefully since 
frequently foot imbalance is a predisposing 
factor. PSD is a common compensatory 
injury, therefore the horse should be 
evaluated as a whole to insure that other 
causes of lameness are not missed. Foot 
pain and PSD often occur concurrently.
Proximal suspensory desmitis in the 
hindlimb

PSD results in either an insidious onset, 
or sudden onset lameness, which may 
be mild or severe, either unilateral or 
bilateral. However, some horses present 
with poor performance, rather than a 
recognised lameness. Complaints include 
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loss of hindlimb impulsion; unwillingness 
to go forwards freely; stiffness; resistant 
behaviour; lack of power when jumping; 
refusing jumps uncharacteristically; 
difficulties in performing specific dressage 
movements e.g., canter pirouette; poor 
performance at high speed in western 
performance horses; evasive behaviour 
such as bolting. Although lameness may be 
very subtle it can have a remarkable effect 
on the horse’s balance, quality of paces and 
movement through the back. 

Lameness may persist and remain severe, 
despite restriction to box rest, probably 
due to a compartment-like syndrome and 
pressure on the adjacent plantar metatarsal 
nerves1. In view of the chronicity of some 
lesions when first identified, and the finding 
of secondary radiological changes in sound 
horses, it is likely that some lesions exist 
sub-clinically, or are associated with a low 
grade lameness that goes unrecognised. 
The prevalence of bilateral lesions is higher 
than in forelimbs. 
PSD in the hindlimb occurs in horses in all 
athletic disciplines and of all ages. It is a 
particular problem in dressage horses2. 
Horses with either straight hock conformation 
(Fig. 1), and or hyperextension of the 
metatarsophalangeal (MTP) joint, appear 
predisposed to injury. Hyperextension of the 
MTP joint may develop as a sequel to PSD, 
especially in horses which appear to have 
progressive degeneration of the suspensory 
apparatus. A long toe and low heel 
conformation may also be a predisposing 
factor, especially if associated with abnormal 
orientation of the distal phalanx, with the 
plantar aspect lower than the toe. 

In horses with acute hindlimb PSD there 
may be localised heat and swelling and 
pain on pressure applied to the SL, but 
frequently there are no localising clinical 
features. The suspensory branches should 
be inspected carefully, because concurrent 
injuries occasionally occur especially in 
horses  with straight hindlimb conformation 
and/ or hyperextension of the hind fetlocks. 
At the walk there may be reduced extension 
of the MTP joint of the lame limb, unless the 
integrity of the SL is severely compromised 
resulting in hyperextension of the joint. 
Lameness is often characterised by a 
reduced height of arc of foot flight, with 
or without intermittent catching of the toe. 
The cranial phase of the stride may be 
shortened. Lameness may be accentuated 

by either proximal or distal limb flexion. 
Bilateral lesions may result in poor hindlimb 
action, with poor hindlimb impulsion and 
engagement, rather than obvious hindlimb 
lameness, and may compromise the 
movement of the entire horse. Lameness 
may be more obvious on a circle on the 
lunge, but unlike forelimb PSD, the lameness 
is not necessarily worse with the lamer limb 
on the outside. Lameness is usually most 
obvious when the horse is ridden, especially 
when the rider sits on the diagonal of the 
lame or lamer limb, and in some horses 
gait abnormalities are only evident when 
ridden. 

Although hindlimb PSD can result in back 
stiffness which may resolve when pain from 
the SL is abolished, some horses do develop 
secondary problems associated with either 
the sacroiliac joint or the thoracolumbar 
regions and, for example, pain may develop 
associated with pre-existing impinging 
dorsal spinous processes.
Diagnosis

Local analgesic techniques
Forelimb lameness is often worse after 
palmar (abaxial sesamoid) nerve blocks. It 
is presumed that proprioception is altered 
and previous protective gait alterations are 
reduced. Perineural analgesia of the palmar/
plantar nerves (at the junction of the 
proximal 2/3 – _  and distal 1/3  - _ of the 
metacarpal/ metatarsal region) and palmar 
metacarpal/ plantar metatarsal nerves may 
result in improvement in lameness, due to 
proximal diffusion of the local anaesthetic 
solution, and if a ‘4 point’ or ‘6 point’ block 
is done more proximally the risk of false 
positive results increases. Minimal quantities 
of local anaesthetic solution (1.5 – 2 ml per 
site; less in ponies) should be used, and 
the blocks evaluated at 5 - 10 minutes after 
injection to minimise confusion

Forelimb PSD
Perineural analgesia of either the lateral 
palmar nerve (2 ml mepivacaine) or the 
medial and lateral palmar metacarpal nerves 
(2 ml per site) should result in substantial 
improvement in, or alleviation of, lameness 
within 5 - 10 minutes, assuming PSD is the 
only cause of lameness. However neither 
technique is necessarily specific. Blockade 
of the lateral palmar nerve also has the 
potential to alleviate pain associated with 
a lateral source of pain in the more distal 
aspect of the limb (e.g. a ‘splint’). Using 
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the lateral approach to the lateral palmar 
nerve3, the risk of influencing middle carpal 
(MC) joint pain is less than using the 
sub-carpal approach, but local anaesthetic 
solution may be placed into the carpal canal. 
Although many lesions in the carpal canal 
are associated with effusion, exostoses 
at the level of the distal radial physis 
impinging on the deep digital flexor tendon 
or less commonly an osteochondroma, can 
be present with no localising clinical signs. 
A medial approach to the lateral palmar 
nerve eliminates the risk of injection of the 
carpal sheath4 and is therefore potentially 
more specific. However, in my experience it 
is quite easy to hit the lateral palmar nerve  
using an approach on the medial aspect 
of the accessory carpal bone, causing the 
horse to strike. Perineural analgesia of the 
palmar metacarpal nerves may alleviate 
pain associated with either the MC or 
carpometacarpal (CMC) joints, due to local 
diffusion or inadvertent deposition of local 
anaesthetic solution into the distopalmar 
outpouchings of the CMC joint capsule. A 
false negative result may be achieved either 
due to inadvertent injection into the carpal 
sheath, or failure of the local anaesthetic 
solution to diffuse proximally to the most 
proximal extent of a lesion. Although 
the SL receives innervation from fibres 
from both the median and ulnar nerves, 
perineural analgesia of the ulnar nerve 
usually resolves, or substantially improves 
lameness associated with PSD. The choice 
of which technique to use is to some extent 
personal preference and is in part influenced 
also by the discipline in which the horse is 
used and thus the likelihood of MC joint 
pain.

Intra-articular analgesia of the MC joint 
may result in either partial improvement, 
or complete alleviation, of pain associated 
with the proximal suspensory ligament 
in some horses (15/25 horses, 60%)5. 
Perineural analgesia of either the deep 
branch of the lateral palmar nerve, or the 
palmar metacarpal nerves alone should 
not alleviate pain associated with the deep 
digital flexor tendon (DDFT) or its accessory 
ligament (ALDDFT), the superficial digital 
flexor tendon (SDFT) or the fetlock region, 
without simultaneous blockade of the palmar 
nerves.

Hindlimb PSD
Lameness is usually substantially improved 
within 5 - 10 minutes of injection by 

perineural analgesia of either the deep 
branch of the lateral plantar nerve distal to 
the tarsus (2 – 4 ml mepivacaine 2%), or 
by local infiltration axial to the second and 
fourth metatarsal bones, but may not be 
alleviated fully. False negative results may 
be obtained due to inadvertent injection into 
either the tarsal sheath, or the TMT joint 
capsule.  In a horse presenting with poor 
hindlimb impulsion it might theoretically 
be expected that if pain was alleviated 
from one limb the horse should then show 
overt lameness on the other. Although this 
sometimes happens, it may not, which may 
result in a false negative result. In such 
horses a much more dramatic improvement 
in gait  may be seen if perineural analgesia 
of the deep branch of the lateral plantar 
nerve is performed bilaterally. 

This technique should theoretically only 
remove ligamentous pain and not osseous 
pain at the ligament’s origin. Osseous pain is 
more likely to be abolished by directing the 
needle in a dorsal direction and infiltrating 
as deeply as possible. However, diffusion of 
local anaesthetic solution from the site for 
perineural analgesia of the deep branch of 
the lateral planar nerve may produce some 
confusing results and nuclear scintigraphy 
may be a more reliable means of establishing 
whether there is active concurrent bony 
pathology at the SL’s origin.

Sub-tarsal analgesia can influence TMT joint 
pain, and sometimes intra-articular analgesia 
of the TMT joint alleviates pain associated 
with PSD. If a horse which had lameness 
abolished by intra-articular analgesia of the 
TMT joint, but with only minor radiological 
change of the TMT and centrodistal joints, 
fails to respond adequately to treatment 
consideration should be given to the 
presence of PSD. Therefore a comparison 
of the responses to intra-articular analgesia 
and subtarsal analgesia can be useful. 
Perineural analgesia of the tibial nerve 
alone alleviates pain associated with PSD, 
without significantly influencing tarsal pain. 
This is an extremely useful block to perform 
to differentiate between distal hock joint 
pain and PSD, especially in horses in which 
false negative results to subtarsal analgesia 
have been obtained. It is also possible 
that distal hock joint pain and PSD may 
coexist, requiring both areas to be blocked 
simultaneously to abolish lameness.
In both the forelimb and the hindlimb 
interpretation of nerve block techniques 
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should be performed critically in conjunction 
with the clinical signs and pattern of  
lameness. If the lameness characteristics are 
not typical of PSD and there is only a partial 
improvement after apparent analgesia of the 
proximal aspect of the suspensory ligament, 
then give consideration to injury of other 
anatomically closely related structures e.g., 
desmitis of the intercarpal ligament between 
the second and third carpal bones.

Diagnostic ultrasonography
High quality ultrasonographic images, in both 
transverse and sagittal planes, are essential 
for accurate diagnosis. Transverse images 
are best acquired from the palmar aspect 
in the forelimb, but the plantaromedial 
aspect of the metatarsal region. Large 
vessels plantarolateral to the SL may result 
in broad linear anechogenic artefacts within 
the SL in hindlimbs. Air artefacts after local 
analgesia may also be a problem, especially 
in hindlimbs. In some hindlimbs the shape 
of the plantar aspect of the metatarsal 
region gives only a very narrow window 
for evaluation of the SL, and better quality 
images may be obtained using a stand-off 
in order to enlarge the area of contact with 
the limb. In both forelimbs and hindlimbs 
the abaxial medial and lateral extremities of 
the SL can be difficult to evaluate.

Abnormalities associated with forelimb PSD 
include: enlargement of the cross sectional 
area, which may result in reduction of space 
between the SL and the palmar cortex of 
Mc III, or between the SL and the ALDDFT; 
poor demarcation of the margins of the SL, 
especially the dorsal margin; focal or diffuse 
areas of reduced echogenicity which may 
extend less than 1 cm proximodistally and 
occupy from less than 10%, to up to the 
entire cross-sectional area of the ligament; 
focal hypoechogenic or anechogenic core 
lesions; reduced strength of fibre pattern; 
focal mineralisation (rare in acute cases); 
and entheseous new bone on the palmar 
cortex of McIII. 

In a horse with bilateral PSD an obvious 
lesion may be detectable in the lamer 
limb, but  abnormalities may be much 
more subtle, and occasionally not apparent 
in the less lame limb. In a 3 year old 
Thoroughbred that  had sustained PSD at 
2 years of age, there may be recurrent 
mild lameness and it may not be possible 
to discern any structural abnormality other 
than enlargement of the SL.  

The degree of ultrasonographic abnormality 
(cross sectional area involved and 
proximodistal extent of the lesion) usually 
reflects the severity of the lameness. If 
the ultrasonographic abnormalities are not 
consistent with the degree of lameness 
the diagnosis should be reevaluated. In 
horses with acute PSD the ultrasonographic 
abnormalities may be very subtle, although 
if lameness is unilateral, slight enlargement 
of cross-sectional area may be detectable.  
Care should be taken to compare 
measurements in the contralateral limb at 
the same distance distal to the accessory 
carpal bone. Ultrasonographic abnormalities 
may deteriorate over the next 10 to 14 days 
and re-evaluation may be useful to confirm 
the diagnosis. In very chronic cases the SL 
may be diffusely hyperechogenic due to 
fibrosis and lesions are easily missed.

In hindlimb PSD focal anechogenic areas 
are relatively unusual, except in the 
Standardbred racehorse. More commonly 
there is enlargement of the SL, with poor 
demarcation of its borders, especially the 
dorsal border and a diffuse reduction in 
echogenicity of part, or all, of the cross 
sectional area of the ligament. Ectopic 
fibrosis or mineralisation occurs more often 
in hindlimbs compared with forelimbs. 
Lesions are easily missed unless the most 
proximal aspect of the SL is examined. An 
irregular contour of the plantar aspect of Mt 
III reflects entheseophyte formation. 

Radiography 
Radiological changes occur more commonly 
in hindlimbs than in forelimbs6. Diagnosis 
should never be based on radiography alone, 
because some sound horses have sclerosis 
of the proximal aspect of McIII or Mt III. In 
horses with chronic active PSD this may be 
more extensive. In the dorsoplantar view 
there is increased opacity of the proximal 
aspect of the Mt III, often more obvious 
laterally. In a lateromedial projection there 
may be sub-cortical sclerosis and alteration of 
the trabecular pattern of the proximoplantar 
aspect of McIII or more commonly, MT III 
due to endosteal new bone, extending up 
to 4cm proximodistally. The plantar cortex 
may itself be thickened and in addition there 
may be entheseophyte formation on the 
plantar aspect. However in many horses no 
radiological abnormality is detectable.

Radiography is important for differential 
diagnosis to identify an avulsion fracture at 
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the origin of the SL on McIII or MtIII, and 
for identification of stress fractures of the 
palmar cortex of McIII or less commonly 
MtIII.

Nuclear scintigraphy
Recognition of normal patterns of 
radiopharmaceutical uptake (RU) is crucial 
for accurate image interpretation. In normal 
horses, in plantar images of hindlimbs there 
is relatively greater RU in the proximoplantar 
lateral aspect of Mt III compared with 
medially or dorsally7. Nuclear scintigraphy 
is not a sensitive means of detecting PSD 
in forelimbs or hindlimbs8.  Pool phase 
images were positive in only 25% of 20 
horses with ultrasonographic evidence of 
PSD. Approximately 12% of 126 horses 
with forelimb (40 horses) or hindlimb 
(82 horses) PSD had increased RU (IRU) 
in bone phase images. In the majority 
of limbs there was a normal pattern of 
RU. In 4/84 lateral forelimb images (5%) 
there was focal moderate increased RU 
in the proximopalmar aspect of the third 
metacarpal bone. In dorsal forelimb images, 
in 11 limbs there was mild to moderate 
increased RU in the third metacarpal bone 
centrally (6/78 [8%]) or medially (5/78 
[6%]). In 15/168 lateral hindlimb images 
there was focal moderate to intense, linear 
or triangular-shaped, increased RU in the 
proximoplantar aspect of the third metatarsal 
bone. In plantar hindlimb images there was 
increased RU in the central proximal aspect 
of the third metatarsal bone in 19 of 156 
(12%) limbs. Profile analysis yielded little 
additional information8. In hindlimbs IRU 
was generally seen in association with 
severe ultrasonographic abnormalities, 
however there were 2 horses with IRU and 
only mild ultrasonographic changes and it is 
assumed based on experience with MRI that 
IRU reflected primary enthesopathy.

IRU associated with PSD should be 
differentiated from those horses with 
primary bony pathology, with no detectable 
ultrasonographic abnormality of the SL and 
no radiographic change associated with 
enthesopathy. 

Magnetic resonance imaging
The interpretation of magnetic resonance 
(MR) images is complicated by the high signal 
intensity of muscle within the ligamentous 
structure9,10; however, knowledge of the 
shape of the medial and lateral lobes and 
the muscle distribution should permit 

differentiation from lesions. Lesions are 
characterised by enlargement of the affected 
lobe and increased (intermediate) signal 
intensity in the ligamentous tissue, with or 
without periligamentous fluid accumulation. 
MRI has demonstrated more extensive lesions 
than those identified ultrasonographically. 
MR imaging is also useful for explaining 
concurrent bony pathology in horses in 
which the degree of ultrasonographic 
abnormality is not commensurate with the 
degree of lameness.  In most of these 
horses there is IRU in the region of origin of 
the SL or slightly distal to this. This has been 
associated with endosteal mineralisation and 
fluid accumulation in T1 and T2 weighted MR 
images and increased signal intensity in fat 
suppressed images. MRI may also enable 
diagnosis of concurrent syndesmopathy of 
Mc/Mt II & III or Mc/Mt IV & III.  

MRI has been useful to identify distal carpal 
pathology in  a small  number of horses  
with lameness uncharacteristic of PSD and 
confusing nerve block responses (Dyson, 
unpublished data). MRI has also identified 
osseous pathology in the distal hock bones 
and failed to demonstrate any ligamentous 
pathology in a small number of horses which 
were improved by subtarsal analgesia and 
had suspicious ultrasonographic lesions11. 
Differential diagnosis

PSD should be differentiated from pain 
associated with the MC or CMC joint or 
the TMT joint, an avulsion fracture of the 
McIII/Mt III at the origin of the SL, and 
primary stress reactions in the McIII/Mt 
III. A stress fracture may result in some 
similar imaging findings, with increased 
opacity of the third metacarpal bone and / 
or increased radiopharmaceutical uptake, 
but affected horses have a different clinical 
presentation. In our clinical population 
these injuries occur most commonly in 
the forelimb of young horses with a recent 
increase in work intensity, particularly in 
racehorses (flat and National Hunt), and 
less commonly in dressage, showjumping, 
event and endurance horses. They are 
rare in general purpose riding horses. 
Lameness is sudden in onset and often 
more severe than that associated with 
proximal suspensory desmitis, and tends 
to persist longer, despite rest. Typically 
lameness deteriorates the further the horse 
trots on each occasion, whereas lameness 
associated with proximal suspensory 
desmitis is more consistent. Lameness 
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associated with proximal suspensory 
desmitis is usually worse when the horse 
trots on a soft surface with the affected limb 
on the outside of a circle, whereas a stress 
fracture results in lameness being most 
pronounced on  a hard surface. Horses with 
primary stress-induced bone injury have no 
detectable ultrasonographic abnormalities 
of the suspensory ligament. Increased 
radiopharmaceutical uptake associated with 
a palmar cortical stress fracture is usually 
much more intense than that associated 
with proximal suspensory desmitis, and 
may extend further proximodistally.

Treatment
Treatment depends on time constraints, 
athletic expectations, rules for medication 
control, degree of lameness and architectural 
disruption of the SL, conformation, chronicity 
of the lesion, age of the horse and the 
number of limbs affected. Published data on 
the efficacy of different treatment modalities 
is somewhat limited, and most studies have 
lacked control groups.

Forelimb PSD
Acute injuries of the proximal aspect of the 
suspensory ligament in forelimbs have a 
favourable prognosis, with 90% of treated 
horses returning to full athletic function with 
conservative management (box rest and 
controlled walking exercise for 3 months)5. 
However, more chronic injuries are more 
challenging. Shock wave or radial pressure 
wave therapy is useful in some horses, 
although the results are unpredictable12,13. 
Fifty-three percent of 20 horses with forelimb 
lameness of at least 3 months’ duration 
were sound and in full work  6 months after 
treatment13. A successful outcome following 
desmoplasty has been reported, with 3 of 4 
horses (75%) returning to full work within 7 
to 12 months post operatively14. However, 
my personal experience has been less 
favourable (3 of 7 horses [43%] returned 
to full work), perhaps because injuries have 
been more chronic. I have also been unable 
to replicate the reported success of either 
bone marrow injection15 or urinary bladder 
matrix16.

There are anecdotal reports of ulnar 
neurectomy, or neurectomy of the lateral 
palmar nerve for management of chronic 
forelimb PSD, but I have no personal 
experience.

Hindlimb PSD
The prognosis for PSD in the hindlimb has 
generally been poor. Only 6/42 horses 
(14%) seen in a referral practice were able 
to resume full work without detectable 
lameness for at least 1 year, all of which 
had been lame for less than 5 weeks1. All 
these horses showed marked improvement 
in clinical signs within 3 months of the onset 
of lameness. Two additional horses resumed 
full work, but suffered lameness in another 
limb. Seven horses improved markedly and 
were able to work, despite persistent mild 
lameness.  Twenty- four horses (57%) had 
persistent or recurrent lameness. Results 
from a first opinion practice were also 
disappointing with only 10 of 17 horses 
(58%) resuming work6. 

Horses with acute (less than 4 – 6 weeks 
duration) hindlimb PSD respond reasonably 
well to local infiltration with corticosteroids, 
aimed to reduce inflammation and therefore 
swelling and thus minimise the risk of the 
development of a compartment syndrome 
(see below). Foot imbalance is corrected 
and egg bar shoes are used to reduce 
extension of the fetlock. Historically, horses 
with chronic PSD have had a very guarded 
prognosis regardless of the treatment. 
Lameness often tended to persist unchanged 
even following prolonged box rest, which is 
unusual for a primary soft tissue lesion. In 
some cases lesions are progressive. Local 
infiltration with corticosteroids, polysulphated 
glycosaminoglycan, hyaluronan or 
homeopathic drugs, such as actovegin and 
traumil has given disappointing results. 

In some horses an initial improvement 
in lameness is seen after box rest and 
controlled walking exercise for 2 to 3 months 
and then no further improvement is seen. 
Increasing the exercise despite the lameness, 
sometimes results in further improvement. 
Some horses have worked satisfactorily 
while being treated with phenylbutazone, 
without apparent deterioration of clinical 
signs. Thus it appears that in some horses 
the infrastructure of the injured SL can 
withstand normal load and work, provided 
that pain can be managed.

Extracorporeal shock wave or radial pressure 
wave therapy appears to be helpful in some 
cases12,13. Forty-one percent  of 43 horses 
with lameness of more than 3 months 
duration associated with hindlimb PSD  were 
sound and in work 6 months after treatment 
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using radial pressure wave therapy13. 
Response was not related to duration of 
lameness, but outcome was inversely related 
to ultrasonographic lesion severity. In a 
study using focused shock wave treatment 
with a follow up of one year 18% of 22 horses 
returned to full work and 32% to ‘reduced 
work’17. Inclusion criteria for this study were 
a lameness of at least 3 months’ duration 
which was improved by subtarsal analgesia. 
However, ultrasonographic examination was 
not routinely performed and therefore the 
diagnosis was open to question. 

Injection of 2% iodine in almond oil resulted 
in 12 of 22 (54%) horses returning to work 
(Soule. S.; personal communication 2000).  
Local infiltration with urinary bladder matrix 
has resulted in 44% of 77 of horses with 
either forelimb or hindlimb PSD returning to 
full work16. However, hindlimb cases were 
also treated by fasciotomy.

Desmoplasty and fasciotomy performed in 8 
horses unilaterally and 15 horses bilaterally 
resulted in 20 horses (85%) with lameness 
of 1 to 12 months’ duration returning to 
full work (ranging from light pleasure riding 
to steeplechasing) 5 to 18 months after 
surgery14.

Tibial neurectomy performed in 8 horses 
enabled 6 to return to full athletic function 
(show jumping and horse trials) for at least 
2 years after surgery, with no post operative 
complications5. Neurectomy of the deep 
branch of the lateral plantar nerve has been 
combined with incising the thin plantar fascia 
and was successful in 79% of more than 200 
horses18.  The technique was combined with 
osteostixis if there was evidence of severe 
enthesopathy. Neurectomy and fasciotomy 
is now my treatment of choice, provided that 
there is no major bone pathology involved, 
that lameness is abolished or substantially 
improved by perineural analgesia of the deep 
branch of the lateral plantar nerve and the 
horse has normal conformation. Seventy-
two of 102  horses (70%) have returned 
to full athletic function (unpublished data), 
with follow up of up to 5 years. Horses 
have been restricted to box rest for 10 – 14 
days post operatively and have then been 
walked for 45 minutes  (in hand, ridden, 
or on a horse walker) for 6 weeks, prior to 
clinical and ultrasonographic reassessment. 
If horses were sound at this stage full work 
has been progressively resumed.  However, 
in some horses with very straight hindlimb 

conformation PSD has been progressive 
following surgery (unpublished data; 
Hughes, T. personal communication 2006), 
and in my opinion these horses are poor 
surgical candidates. Other reasons for 
failure could include misdiagnosis (none 
of the horses had undergone MRI) or the 
possibility of more proximal innervation 
of the SL. Two failures were subsequently 
treated successfully by tibial neurectomy. 
Fasciotomy of the deep plantar metatarsal 
fascia alone has been successful in some 
horses (Ross, M. personal communication). 

Injection of approximately 30 ml bone 
marrow  is also claimed to be successful, 
especially if combined with fasciotomy, 
allowing 87% of horses to return to their 
former level of function15, however it is 
not clear from the report what proportion 
of these horses had hindlimb or forelimb 
injuries. Nor is it clear what the duration or 
severity of lameness was.

Stem cell therapy, whilst theoretically 
attractive, has not undergone adequate 
trial to date. In follow up of horses treated 
with superficial digital flexor tendon strain, 
the results have been significantly better 
in acute injuries than more chronic injuries 
(Smith, R., personal communication 2006). 
The majority of hindlimb SL injuries are 
chronic at the time of diagnosis, therefore 
may not be ideal candidates for treatment.

Gross pathology and 
histopathology
Post mortem examinations have been 
performed on both hindlimbs of 14 horses, 
8 with unilateral lameness and 6 with 
bilateral lameness1,5. Abnormalities of 
the SLs were confined to the lame limbs. 
There was gross enlargement of the SLs, 
with thickening of surrounding fascia and 
periligamentous tissues, especially on the 
plantar aspect. Histological changes in the 
SL included hypercellularity and acellular 
areas, haemosiderin deposition, fibrosis, 
hyalinisation of collagen, an increased 
number of fibrous septae, some with blood 
vessels, neovascularisation and chondroid 
metaplasia. Although chondroid metaplasia 
was seen at the ligament bone interface 
in both lame and sound limbs, intra-
ligamentous chondroid metaplasia was only 
seen in the lame limbs. There was evidence 
of compression of adjacent peripheral nerves 
in the lame limb of 12 horses. Abnormalities 
of the plantar metatarsal nerves included 
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thickening of the perineurium, perineural 
fibrosis, reduction or absence of nerve fibres 
and Renaut bodies. These changes support 
the theory of PSD in the hindlimb resulting 
in a compartment syndrome. In addition 
in many horses there was entheseous and 
endosteal new bone involving the plantar 
cortex of MtIII.

Chronic pain despite prolonged rest is  a 
hallmark of PSD in hindlimbs particularly. 
A compartment syndrome and neuritis may 
be contributory. In some horses entheseous 
pain may contribute to lameness. In 
chronic Achilles tendon injuries in man 
peripheral neovascularisation of the tendon, 
with accompanying nerve fibres, and 
evidence of the presence of pain mediating 
neuropeptides such as Substance P have 
been identified. It was hypothesised that 
neurogenic inflammation may result in 
chronic pain. Use of Doppler ultrasound 
guided injection of a sclerosing agent 
(polidocanol) has resulted in pain relief and 
return to full function19. Neovascularisation 
in injured equine superficial digital flexor 
tendons has been demonstrated20, but not 
in SLs. Whether neurogenic pain has a role 
in chronic equine PSD is unknown.

Concurrent injuries
Hindlimb PSD may also be accompanied 
by injury of the lateral or, less commonly, 
the medial branch of the SL. This may be 
unapparent at the time of initial clinical 
examination, unless there is gross swelling. 
However, ultrasonographic examination may 
reveal evidence of damage. Several horses 
had been successfully treated surgically only 
to incur recurrent lameness due to desmitis 
of the lateral or, less commonly, the medial 
branch of the SL that was not recognised at 
the time of initial examination (unpublished 
data). One horse with acute PSD was 
managed successfully conservatively and 
1 year later had recurrent lameness due to 
desmitis of the proximal aspect of the lateral 
oblique sesamoidean ligament. Chronic PSD 
has also been seen in association with 
sacroiliac joint region pain, which requires 
concurrent management.

Avulsion fracture of the 
origin of the suspensory 
ligament at the third 
metacarpal/metatarsal bone
Avulsion fracture of the Mc III or Mt III bones 
at the origin of the SL occurs most commonly 

in young racehorses (Standardbreds more 
than Thoroughbreds), but does occasionally 
occur in sport horses21 - 25. In Thoroughbreds 
and sports horses injury of a forelimb is 
much more common whereas in trotters25 

frequency of injury  in forelimbs and hindlimbs 
is similar. Some fractures described as 
avulsions appear to occur immediately distal 
to the site of attachment of the SL. There 
is usually acute onset, moderate to severe, 
unilateral lameness. In the acute stage 
there is generally considerable resentment 
of pressure applied over the palmar/plantar  
proximal aspect of the Mc/Mt III bone. In 
horses with chronic lameness it may be more 
difficult to elicit pain. Lameness generally 
improves, but may not be alleviated by, box 
rest.

In horses with acute lameness diagnosis 
can usually be based on the clinical signs 
and ultrasonographic and or radiographic 
demonstration of a fracture. In horses 
with more chronic lameness local analgesic 
techniques may be required as described  
for PSD. 

An avulsion fracture is best detected 
radiographically in a dorsopalmar or 
slightly obliqued dorsopalmar views and 
in lateromedial, or flexed lateromedial, 
projections. It may be seen as an almost 
straight, or saucer-shaped lucent line (with 
the base proximal or distal), or as a ‘punched 
out’ lesion.

Ultrasonographically an avulsed fragment 
is usually easiest to detect in longitudinal 
images and, if displaced, is seen as a 
discontinuity of the palmar cortex of the 
Mc III bone. An incomplete fracture may 
be more difficult to detect. Examining the 
limb both bearing weight and non-weight 
bearing can be helpful. In some horses 
ultrasonography is more sensitive than 
radiography for detection of such fractures. 
In horses with a more chronic fracture 
slight periosteal callus may be seen. In 
both transverse and longitudinal images 
there may be a small focal tear in the 
dorsal aspect of the SL at the site of the 
fracture. However, in a case series in which 
French trotting horses predominated more 
extensive ultrasonographic abnormalities of 
the SL were implied25. Nuclear scintigraphy 
has been used diagnostically23, but in my 
experience is generally unnecessary for 
diagnosis.



75

South African Equine Veterinary Association Annual Congress 2008 - Proceedings

Treatment
The horse should be restricted to box 
rest for 6 weeks, followed by box rest 
and controlled exercise for at least a 
further 6 weeks.  The horse should be 
monitored clinically, radiographically and 
ultrasonographically. Lameness generally 
takes longer to resolve than in horses 
with primary proximal suspensory desmitis, 
sometimes up to 2 months. A fracture 
may remain detectable radiographically for 
between 2 and 4 months. Periosteal callus 
is best seen ultrasonographically and is 
usually not detectable until 4 to 6 weeks 
after injury. The total convalescent period is 
usually between 4 and 6 months. Most Sport 
horses and Thoroughbred horses ultimately 
make a complete recovery and return to full 
athletic function without recurrent injury. 
Very occasionally the fracture fragment may 
sequestrate, or suspensory desmitis may 
progress, with a more guarded prognosis. 
However some Standardbred horses have 
long-term lameness, which is refractory to 
treatment. Successful treatment of chronic 
fractures by percutaneous osteostixis has 
been described, with resolution of the 
fracture and associated ligament pathology 
taking up to 6 months, with 59% of horses 
returning to full athletic function25.

Progressive degeneration of 
the suspensory ligament
Progressive ‘degenerative’ changes 
in hindlimb SLs have been seen in a 
small number of horses which originally 
presented with PSD, which had straight 
hock conformation. These horses developed 
hyperextension of the hind fetlocks. This has 
been characterised by a diffuse decrease in 
echogenicity of the proximal suspensory 
ligaments, which has become progressively 
more extensive distally.  

A similar clinical condition has been 
recognised in older horses, especially brood 
mares, with progressive hyperextension 
of the hind fetlocks, which may result 
in abrasion of the plantar aspect of the 
fetlocks. Progressive hyperextension of the 
hind fetlocks has also been seen in middle 
aged performance horses with apparent 
lengthening of branches of the SL and 
periligamentous fibrous reaction. Some 
breeds including the Peruvian paso26, 27 and  
Andalucian horses seem particularly at risk. 
The condition is generally bilateral, although 
one limb may be more severely affected, 
and is usually associated with a deterioration 

in hindlimb gait rather than an overt 
lameness. However, distal limb flexion may 
induce severe lameness. Secondary slowly 
progressive lateral luxation of the SDFT 
from the point of hock occurs occasionally, 
probably associated with a very straight 
angle of the hock. Ultrasonographically there 
may be a mild reduction in echogenicity 
of the SL branches, with multiple short 
linear echos in longitudinal images, and 
generally fairly extensive subcutaneous 
periligamentous echogenic material. 
Radiographic examination confirms the 
abnormally low position of the proximal 
sesamoid bones.

The aetiology of these conditions is not known. 
It has been suggested that it is associated 
with a systemic disorder characterised by 
proteoglycan accumulation28, however the 
evidence to support this is currently limited. 
They are generally progressive. Flat shoes 
with caudal extensions help to ‘lift’ the 
fetlock and may prevent secondary trauma, 
but the prognosis for proper athletic function 
is guarded.
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for the Foot
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In recent years there has been a substantial 
increase in knowledge about the effects 
of a variety of local analgesic techniques 
routinely used in the diagnosis of foot pain.  
Since the advent of magnetic resonance 
imaging (MRI) we have also become aware 
of the large number of structures within the 
foot that sustain injury, either alone or in 
combination.  Unquestionably local analgesia 
can confirm the presence or absence of pain 
arising from the foot, and in some cases it 
can help us to establish which structure(s) 
are the source of pain.  However, results 
are sometimes confusing or misleading, and 
both false negative or false positive results 
may occur.

Prior to performing local analgesic techniques 
it is important to establish what is the 
base line lameness, both in straight lines 
and in circles, preferably on both soft and 
hard surfaces.  The hard surface should 
offer sufficient grip so that the horse can 
move confidently.  It should be determined 
whether the lameness varies spontaneously 
within the exercise period, or remains 
consistent in degree.  

Recent experimental studies have verified 
clinical experience that most local analgesic 
techniques are less specific than suggested 
in the older literature.  Lameness can be 
reliably induced by inserting set screws in a 
specially designed shoe to induce focal solar 
pain, either at the toe or at the angles of the 
foot.  Palmar digital analgesia, performed 
immediately proximal to the cartilages 
of the foot theoretically only desensitises 
the palmar aspect of the foot, but also 
improves lameness due to experimentally 
induced solar pain at the toe.  Intra-articular 
analgesia of the distal interphalangeal (DIP) 
joint improved experimentally induced solar 
or heel pain, however the effect was assessed 

10-30 minutes after injection, using 10ml 
mepivacaine.  Greater improvement was 
seen at 20 and 30 minutes than at 10 
minutes.  No effect on heel pain was seen 
using 6ml mepivacaine, whereas 10 ml 
resulted in improvement increasing with 
time.

Intrathecal analgesia of the navicular bursa 
(3-5ml mepivacaine) improved toe pain, 
but not heel pain, with a greater effect at 
30 minutes than at 10 minutes.  These 
experimental results must be interpreted in 
clinical context.  Lameness and the response 
to local analgesia was only assessed in 
straight lines.  The model of solar pain may 
not equate with many clinical causes of pain.  
In most horses lameness was improved, but 
not abolished.  The response at 5 minutes 
after injection of the DIP joint or navicular 
bursa was not assessed.  However the 
experiments highlight the need for limiting 
the volume of local anaesthetic solution 
and determining strictly at what time after 
injection the response is assessed.  These 
responses to analgesia of the DIP joint and 
navicular bursa can be explained by the close 
proximity of branches of the palmar digital 
nerves to these structures and diffusion of 
local anaesthetic solution.

Lameness has also been experimentally 
induced by injection of bacterial 
lipopolysaccharide, Escherichia coli 
endotoxin, into either the DIP joint or the 
navicular bursa.  The degree of lameness 
induced is rather unpredictable.  Intrathecal 
analgesia of the navicular bursa had no 
effect on experimentally induced DIP 
joint pain at 10 and 20 minutes after 
injection, but there was improvement at 
30 minutes.  Palmar digital analgesia (2 x 
3ml mepivacaine) abolished experimentally 
induced DIP joint pain at 15 minutes after 
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injection.  Experimentally induced pain of 
the navicular bursa was improved by intra-
articular analgesia (5ml mepivacaine) of the 
DIP joint.

Cadaver studies have demonstrated diffusion 
of mepivacaine between the DIP joint and the 
navicular bursa, with greater concentration 
being achieved in the navicular bursa after 
injection of the DIP joint than vice versa.  
Anatomical studies have also shown close 
proximity between the DIP joint capsule and 
the collateral sesamoidean ligament (CSL) 
and the distal sesamoidean impar ligament 
(DSIL), which both have an abundance of 
sensory nerve endings.

These experimental studies can be compared 
to the results of clinical studies.  When 
responses at 5 minutes after injection to 
intra-articular analgesia of the DIP joint 
(6ml mepivacaine) and navicular bursa 
(3-4ml mepivacaine) were compared in 
59 horses with foot pain, 69% showed 
improvement after injection of either the 
DIP joint or the bursa, 20% responded 
to analgesia of the bursa but not the DIP 
joint, 5% improved after analgesia of the 
DIP joint but not the navicular bursa, and 
5% showed no improvement after either 
technique.  Fifteen horses that responded to 
analgesia of the DIP joint or navicular bursa 
showed no change or only improvement in 
lameness after palmar digital analgesia.  All 
horses with radiological abnormalities of the 
navicular bone had improvement in lameness 
after analgesia of the navicular bursa.  Four 
of 5 horses with radiological abnormalities 
of the DIP joint showed improvement in 
lameness after IA analgesia.  The fifth 
horse had radiological abnormalities of the 
navicular bone.  Six horses examined post 
mortem had flexor cortex lesions of the 
navicular bone, 5 with concurrent dorsal 
lesions of the deep digital flexor tendon 
(DDFT).  Five horses were sound after 
palmar digital analgesia.  Five of the 6 
horses showed improvement in lameness 
after intra-articular analgesia of the DIP 
joint, and all 6 horses were improved by 
bursal analgesia.

The response to local analgesic techniques 
has been assessed in horses undergoing 
MRI.  Sixty-eight per cent of horses with 
primary DDFT lesions showed improvement 
in lameness after intra-articular analgesia 
of the DIP joint.  However lameness was 
abolished by palmar digital analgesia in only 

16%, but was improved >50% in 56%.  All 
horses were sound after palmar (abaxial 
sesamoid) analgesia.  Thus, more horses 
responded to intra-articular analgesia of the 
DIP joint than to palmar digital analgesia.  
Sixty-seven per cent of horses also showed 
improvement in lameness after analgesia of 
the navicular bursa.

Horses with  combined injuries of the DDFT 
and the navicular bone were more likely to 
respond to palmar digital analgesia, with 
lameness abolished in 43% and improved 
>50% in 36%.  Lameness was improved 
by intra-articular analgesia of the DIP 
joint in 78%, and 100% of horses showed 
improvement after analgesia of the navicular 
bursa.  These results may reflect a greater 
importance of navicular bone pain than 
DDFT pain.  Nerve fibres innervating the 
DDFT enter proximal to the site of palmar 
digital analgesia.  Intra-thecal analgesia of 
the digital flexor tendon sheath (DFTS) can 
improve lameness associated with some 
primary DDFT injuries, but does not reliably 
influence pain associated with insertional 
injuries. Moreover this analgesic technique 
can influence pain associated with the 
distal sesamoidean ligaments, presumably 
through local diffusion. Experimental studies 
have shown that analgesia of the  DFTS can 
influence solar pain.

Seventy-three per cent of horses with 
primary desmitis of a collateral ligament (CL) 
of the DIP joint showed >50% improvement 
in lameness after palmar digital analgesia, 
but intra-articular analgesia of the DIP joint 
produced improvement in lameness in only 
24% of horses, and analgesia of the navicular 
bursa was negative in all horses. A uniaxial 
palmar nerve block may improve lameness 
associated with a primary CL injury, but 
does not necessarily abolish it. This may be 
due to concurrent pain associated with mild 
joint instability and abnormal stress  on the 
contralateral CL.

Thus a positive response to intra-articular 
analgesia of the DIP joint does not imply 
primary DIP joint pain, although this may be 
present if intrabursal analgesia is negative.  
A negative response to IA analgesia of 
the DIP joint does not preclude a positive 
response to analgesia of the navicular bursa.  
Horses with flexor cortex abnormalities 
of the navicular bone usually respond to 
analgesia of the bursa, but so do some 
horses with DDFT injuries.  Ideally the 
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responses to the 2 techniques performed 
independently should be assessed.  It must 
also be borne in mind that recent experience 
with MRI indicates that injuries to several 
structures often occur concurrently, and this 
will obviously influence the response to local 
analgesic techniques.

It is critical to use consistent and accurate 
technique.  Analgesia of the navicular bursa 
is best done under radiographic control, 
with the needle positioned on the middle 
third of the flexor cortex of the navicular 
bone.  If the needle is higher or lower, there 
is risk of penetration of the DIP joint capsule 
or digital flexor tendon sheath (DFTS).  If 
synovial fluid is retrieved, the needle is 
probably incorrectly positioned.

The possibility of proximal diffusion of 
local anaesthetic solution after perineural 
injection must also be considered.  Palmar 
digital analgesia may influence pain from 
the proximal interphalangeal (PIP) joint. 

This is less likely if the block is performed  
immediately proximal to the cartilages of 
the foot compared with further proximally. 
Palmar nerve blocks at the level of the base 
of the proximal sesamoid bones may abolish 
pain from the proximal phalanx, the PIP 
and metacarpophalangeal joints, the distal 
sesamoidean ligaments, the DFTS and the 
palmar annular ligament.  Intra-articular 
analgesia of the metacarpophalangeal joint 
may resolve pain associated with the oblique 
and or cruciate sesamoidean ligaments.

There are exceptions to the rules.  
Occasionally horses with foot pain do not 
respond to local analgesic techniques.  
Horses with severe foot pain due to a 
fracture, subsolar abscess or atypical 
laminitis may show no discernable change 
in lameness or only slight improvement.  
Therefore it is crucial that local analgesic 
techniques are interpreted in the light of 
clinical signs.  The art of lameness diagnosis 
is equally important as the science.


