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BITTED MOUTHS CAUSE WATERLOGGED &‘BLEEDING’ LUNGS: 1 

Racehorses need management, not medication 2 

Robert Cook1 FRCVS, PhD 3 

The causes of events are always more important than the events themselves 4 

-  Cicero 5 

ABSTRACT 6 

Prompted by the USA debate over Salix medication, the author  - who has been 7 

researching problems of the horse’s head, neck and chest since 1958 - offers his 8 

opinion on the cause of ‘bleeding’ in Part I and gives his recommendations for 9 

prevention in Part II.  The article is freely available to all stakeholders in the USA.  10 

As the prevention of ‘bleeding’ has nothing to do with Salix medication, the 11 

information is also relevant to racing worldwide and to all other disciplines. 12 

‘Bleeding’ is only one sign of a larger problem, waterlogging (edema) of the lung; 13 

this, in turn, is caused by asphyxia.  The most common cause of asphyxia is 14 

elevation and dorsal displacement of the soft palate and this, in turn, is caused by 15 

the bit.  By breaking the lip seal, a bit dissipates what should be a negative pressure 16 

in the oral cavity and oral part of the throat.  As a result, the soft palate in a running 17 

horse no longer clings to the root of the tongue.  A bit is also contraindicated on 18 

other physiological grounds, as it generates ‘eating’ responses which are in conflict 19 

with the ‘exercising’ responses required for running.  Finally, the bit is contra-20 

indicated on account of its negative impact on the welfare and safety of both horse 21 

and rider.  Through fear and pain, the bit triggers a monstrous number of unwanted 22 

behaviors and, in addition to pulmonary edema, causes 40 or more diseases.  The 23 

end result is reduced performance.  A bitted racehorse is a handicapped racehorse. 24 

In happy contrast, the crossunder bitless bridle provides better communication and 25 

is painless, safer, and compatible with the physiology of exercise.  It has no side-26 

effects, causes no disease and does not interfere with performance.  It is 27 

recommended that racing administrators update the rules of racing to allow this 28 

more humane option, which offers a major advance in the welfare of horse and rider.  29 

It is predicted that such a step will significantly reduce the prevalence of ‘bleeding’ 30 

and catastrophic accidents and do much for the image of racing worldwide. 31 
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PART I: THE PROBLEM  32 

INTRODUCTION 33 

Since 1970, much has been written about the diagnosis and prevalence of ‘bleeding’ 34 

in the racehorse.2  On both these aspects of the problem there is a wide measure of 35 

agreement among researchers.  By comparison, little progress has been made on 36 

the question of cause.  There is no consensus among researchers and most equine 37 

practitioners reluctantly accept that the jury is still out.  Yet no disease can be 38 

treated until its cause is known.  ‘Bleeding’ is a symptom, not a disease.  Salix 39 

medication aims to ‘treat’ a symptom, which is the wrong approach.  A weed cannot 40 

be eliminated by pruning; it must be dug up by the root. Race day Salix medication is 41 

an example of ineffectual pruning.  The USA is the only country that permits it. 42 

To be precise, Salix medication is a misguided effort at prevention, not treatment.  In 43 

my opinion, the basic pathology of the disease loosely referred to as ‘bleeding’ is 44 

pulmonary edema caused by obstruction of the upper airway (asphyxia), i.e., 45 

obstruction at any point between the nostril and the entrance to the chest (Fig.1) (5, 46 

6, 7, 13).  Another name for pulmonary edema is waterlogging of the lung.  Horses 47 

either die from it or recover spontaneously.  In non-fatal cases there is no need for 48 

treatment.  Most episodes, serious though they are during a race, are only 49 

temporary.  The edema quickly disperses when the horse stops running.3  Similarly, 50 

unless postmortem examinations are carried out within minutes of a sudden death, 51 

evidence of pulmonary edema will have disappeared or been masked by massive 52 

pulmonary congestion.(5)  The word ‘edema’ may not even be mentioned in the 53 

pathologist’s report. 54 

The ephemeral nature of pulmonary edema may explain why the name of this 55 

potentially fatal disease has failed to be registered in our collective thinking about 56 

the problem.  Instead, attention has been focused on the supposed ‘bleeding.’  57 

When a problem is called exercise-induced pulmonary hemorrhage (EIPH) and 58 

defined as ‘the presence of red blood cells (or their products) in the respiratory tract 59 

after exercise,’ this only names one sign of pulmonary edema (16).  EIPH was a 60 

purely descriptive name given in the 1970s when the problem’s high prevalence 61 

                                                           
2
 For convenience, the text refers to the Thoroughbred racehorse and flat racing but all that is written is also 

relevant to the harness horse.  In fact, because of the harness horse’s multiple bits and the enormous pressure 
that a driver can place on them, soft palate problems in the harness horse are even more common than in flat 
racing. 
 
3
 Repeated episodes of pulmonary edema will, nevertheless, lead eventually to the establishment of a low 

grade inflammation of the lungs which may require treatment.  This condition is variously referred to as 
inflammatory airway disease or small airway disease.  
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 62 

Fig.1. Bird’s eye view of the respiratory tract of the horse at rest (A) and at exercise (B) showing its 63 
basic anatomy and the way the conformation of the nostrils, throat and voice box changes when a 64 
feral horse runs in order to permit unobstructed airflow.  The nasopharynx or nasal part of the throat 65 
(blue) is most vulnerable to obstruction in the domestic horse because of the presence of the bit. Note 66 
how the flared nostril renders the false nostril a potential space only and funnels air into the nasal 67 
cavity.  The red areas represent erectile tissue in the resting horse that shrinks at exercise to enlarge 68 
the airway. 69 

was first recognized.  At that time, little thought had been given to its cause and so a 70 

cause-based name was not possible.  Unfortunately, the descriptive name persists 71 

and now acts as a barrier to understanding. 72 

‘Bleeding’ is only one sign of pulmonary edema and a relatively late-developing sign 73 

at that.  By ‘late’ in this context, I mean a few seconds later than the onset of 74 

asphyxia and the start of waterlogging.  In the absence of oxygen, mammals die 75 

very quickly.  From a complete obstruction of its airway, a galloping horse - 76 

breathing at the rate of two breaths a second - would probably die in less than 10 77 

seconds (20 breaths).  In the same time period, a partial obstruction could be 78 

enough to cause a horse to stumble, fall and break a leg.  A horse that was alive and 79 

well in the starting gate can be down and dead before racing 300 yards.  Pulmonary 80 

edema, when severe, kills quickly.  Fortunately, though catastrophic accidents occur, 81 

most episodes of pulmonary edema are not fatal. Well over 90% of racehorses are 82 
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only partially asphyxiated.  They develop some degree of pulmonary edema (‘bleed’) 83 

in every race yet live to run another day. 84 

Pathological changes, devastating to a horse’s ability to breathe (and run), have 85 

occurred in the lung well before blood-tinged edema fluid begins to fill the air sacs 86 

and long before this is seen at the nostrils.  The early evidence of pulmonary edema 87 

in a racehorse is expressed by signs of poor performance, premature fatigue and 88 

reduced speed.  This common triad of symptoms, which may or may not be 89 

recognized, stems from the horse having difficulty in breathing.  Extrapolating from 90 

the symptoms of pulmonary edema in man, a horse may also be experiencing chest 91 

pains and the frightening sensation of drowning.  As the small air sacs of its lung get 92 

flooded with edema fluid, oxygen exchange is impaired.  Later signs include falls, 93 

breakdowns, fractures and sudden death (12, 17).  The appearance of blood at the 94 

nostrils is only the tip of the iceberg.  Based on endoscopic evidence of blood in the 95 

respiratory tract after racing, we know that virtually every racehorse develops 96 

pulmonary edema.  Blood biochemistry confirms that racehorses develop hypoxia (a 97 

shortage of oxygen).  If this evidence does not lead us to acknowledge why this 98 

occurs in the sport of racing and act accordingly we fail in our humanitarian duties. 99 

All researchers agree that the disease results in red blood cells moving from the 100 

blood vessels of the lung into its interstitial tissue and air sacs.  Strictly speaking, the 101 

fluid that fills the air sacs is not pure blood so it is not a true hemorrhage.  It is 102 

edema fluid, heavily tinged with red blood cells.  The term ‘capillary stress’ is used to 103 

describe the phenomenon but does not explain what causes the stress.  Use of the 104 

wrong word can lead us astray in our thinking.  To get a grasp on the problem of 105 

‘bleeding’ we must use the right words.  For the rest of the article, therefore, I will 106 

avoid using the term ‘bleeding’ and refer instead to pulmonary edema.  It’s a bit of a 107 

mouthful but it will remind us of the true nature of a disease caused by the horse’s 108 

mouth being full of a bit. 109 

Two major schools of thought exist on cause (9, 10, 11, and 18).  One school avers 110 

that pulmonary edema is caused by too much positive pressure in the blood vessels.  111 

Let’s call this school the ‘pushers.’  The other school favors the idea that it is caused 112 

by too much negative pressure in the air sacs.  We’ll call this school, which is the 113 

one to which I belong, the ‘suckers.’  In simple terms, it boils down to a debate 114 

between too much ‘push’ or too much ‘suck.’  The ‘pushers’ cite abnormally high 115 

blood pressure in the Thoroughbred as the cause and regard this as an attribute 116 

(even a virtue) of the elite racehorse.  Some members of this school even accept 117 

that ‘bleeding’ is ‘normal’ for the Thoroughbred and, therefore, unavoidable.  This 118 

overlooks the fact that plough horses used to bleed (develop pulmonary edema), 119 

that dressage horses still do and that a horse of any breed which gets cast in the 120 

stable can die of pulmonary edema without ever having been exercised.  The 121 
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‘suckers’ cite asphyxia as the cause of pulmonary edema, i.e., the abnormally high 122 

negative air pressure that a running horse develops in its lungs during attempts to 123 

breathe-in against an airway obstruction.  The suck hypothesis, unlike the push 124 

hypothesis, is consistent with the known facts about the disease.  It also leads to an 125 

achievable solution.  AVOID ASPHYXIATING A HORSE.  Athletes need all the air 126 

they can get and we should ensure that this vital yet least expensive fuel is readily 127 

available at all times, not just for racehorses but for all horses. 128 

 129 

Fig. 2: Showing how, in this case, poll flexion causes an obstruction of the throat.  It explains why 130 
obstruction of any sort causes the ensuing pulmonary edema (red areas) to occur along the topside 131 
and tail-end of the lung. 132 

One thing is certain, Salix medication on race-day is not the answer as it fails to 133 

remove the cause.  In the 1970s, Dr. Alex Harthill, an equine practitioner in 134 

Kentucky, made a perceptive guess at the nature of the problem when he likened it 135 

to pulmonary edema in man.  On this basis, he applied as a possible preventive in 136 

the horse something that was used as a treatment for the same problem in man, i.e. 137 

furosemide, a diuretic.  His ‘treatment’ became popular with trainers, not because it 138 

prevented bleeding (it didn’t) but because it seemed to improve performance, 139 

perhaps by reducing body weight. But it does not follow that something which might 140 

alleviate a symptom, once it appears, will prevent the symptom occurring in the first 141 

place.  In the horse, Salix is not a ‘vaccine’ for bleeding.  There was also another 142 

gap in the logic.  If pulmonary edema was the basic pathology of bleeding, the 143 

question still needed to be asked.  ‘What causes the pulmonary edema?’ 144 

 145 
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 146 

Fig. 3: Showing why pulmonary edema occurs when the upper airway is obstructed. Each diagram 147 
shows a pair of lungs represented by one symbolic air sac.  Each air sac is surrounded by its capillary 148 
blood vessels and supported by a matrix of interstitial tissue.  149 

A: Airway unobstructed.  The flattening diaphragm sucks air into the lung with minimal resistance to 150 
airflow and the negative pressure of inspiration in the air sac and the interstitial tissue is represented 151 
by the symbolic figure of minus 1. Blood pressure in the capillaries is also relatively low at plus 1.  152 
The pressure gradient between blood vessel and air sac is small - say 2, an imaginary figure for the 153 
purpose of the example.  This is enough to allow normal gas exchange to take place, i.e., for oxygen 154 
to pass from air to blood and carbon dioxide to pass in the opposite direction, but not enough to 155 
cause leakage of fluid and red blood cells. 156 

B. Airway obstructed. The pressure gradient at the air/blood barrier is high – say 6.  Red blood cells 157 
and plasma are sucked out of the capillaries into the interstitial tissue and the air sacs. The lung 158 
becomes waterlogged (edematous), the work of breathing is hugely increased, gas exchange is 159 
impeded, venous flow of blood to the lungs increases, the heart is put under strain, and performance 160 
is reduced. 161 

Nearly 40 years ago, I hypothesized that what was then referred to as epistaxis or 162 

‘broken blood vessels’ was originating from the lungs, not the nose (2).  I was proved 163 

right about the location of the bleeding, which was the focus of the article.  But, as 164 

an aside in the same article, I surmised that bleeding may be a sequel to some 165 

primary disease of the lung.  Many colleagues followed me down this same path and 166 

some still support the idea but it was the wrong path.  In the face of new evidence I 167 

subsequently changed my thinking (5).  At each stage, the anatomical location for 168 

my explanation of cause has shifted back from the lungs, first to the voice box and 169 

then the throat.  Finally, I have come to recognize that the real culprit is not even in 170 

the respiratory tract but lies at the very start of the digestive tract.  The cause has 171 

been hiding in plain sight all along; it’s the bit (19, 20, 21, 28, 30, 33, 52, and 57). 172 
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For many years I have been of the opinion that the root cause of pulmonary edema 173 

was any upper airway obstruction (5).  Initially, I surmised that the most common 174 

cause of this asphyxia was recurrent laryngeal neuropathy (laryngeal paralysis or 175 

paresis).  I still believe that this is a cause but now recognize that the bit is the major 176 

cause.4  From early days, I was also interested in the phenomenon of dorsal 177 

displacement of the soft palate but was unable explain its cause. (1, 4, 19, 28, 30, 178 

35, 57)  Since 1998, I have come to recognize that the bit is also the major cause of 179 

instability, elevation and dorsal displacement of the soft palate and that these are all 180 

different ways in which an obstruction in the throat can come about, with or without 181 

bit-induced flexion at the poll (33). 182 

Bit-induced poll flexion is easy enough to understand as a cause of asphyxia.  183 

Racehorses are rated and prevented from extending their head and neck as a 184 

running horse was evolved to do (Fig. 7).  No human athlete has to suffer such a 185 

counter-productive handicap.  But the reader may ask, ‘How can the bit cause soft 186 

palate problems?’  Retraction of the tip of the tongue to avoid the bit and poll flexion 187 

provides a partial answer only.  It was not until last year that the complete answer 188 

suddenly dawned on me.  Following-up on a hunch, a literature search on the 189 

physiology of swallowing in mammals confirmed my suspicion that, at times other 190 

than when eating, the oral cavity of the feral horse is under negative pressure.  It is 191 

this vacuum, I believe, that prevents the long soft palate of the horse from floating up 192 

at exercise and blocking the airway in the throat (Fig. 6).  A bit breaks the lip seal, 193 

permits air to enter the oral cavity and the digestive part of the throat and this, in turn 194 

causes instability, elevation and dorsal displacement of the soft palate (Cook 2012 195 

Unpublished material). 196 

Something else has been overlooked.  Dorsal displacement of the soft palate 197 

(DDSP) is a normal and necessary feature of the swallowing reflex (Fig. 4).  If it 198 

failed to occur when eating and drinking, food and water would reflux down the nose 199 

and/or invade the lungs and the horse would die of inhalation pneumonia.  The 200 

presence of one or more metal rods in a horse’s mouth stimulates inappropriate 201 

digestive system reflexes that should only occur in a relaxed, peaceful, eating-or 202 

drinking horse, i.e., tongue movement, salivation, chewing, DDSP and swallowing.  203 

Such reflexes are contraindicated and counter-productive in any ridden or driven 204 

horse.  They are anathema to a racehorse.  Athletic performance requires the 205 

diametrically opposed set of ‘flight-and-fight reflexes, i.e., stimulation of respiratory, 206 

cardiovascular and musculo-skeletal system reflexes.  So quite apart from the pain 207 

that a metal foreign body in the mouth causes when pressure is applied (itself hostile 208 

                                                           
4
 This is not the place to explain why I think it possible that the bit might one day be indicted as being partly 

responsible for causing recurrent laryngeal neuropathy but a footnote to this effect is appropriate. 
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to maximum performance), a bit generates the wrong set of responses in the throat.  209 

The throat of any mammal is a switch plate mechanism that has to be capable of 210 

serving two functions, rapid breathing or swallowing (Fig. 5).  But it cannot do both at 211 

the same time.  Every parent warns a child not to eat while running.  212 

 213 

Fig. 4: Showing the changes in the throat when a horse swallows dry food or water.  Dorsal 214 
displacement of the soft palate (DDSP) is a normal part of swallowing and only abnormal if it occurs 215 
during rapid breathing. 216 

Because it incorporates a causal mechanism, negative pressure pulmonary edema 217 

(NPPE) is a better name for ‘bleeding’ than EIPH (13).  The disease in the horse is 218 

analogous to NPPE in man.  An Internet search for NPPE will demonstrate the 219 

similarities and further explain the pathophysiological mechanisms involved. 220 

Just like skin but infinitely more delicate, the lining membrane of the lungs’ air sacs 221 
are exposed to the atmosphere.  The ‘skin’ of the horse’s lung becomes bruised for 222 
the same reason that human skin bruises with the suck of a hickey.  Asphyxia 223 
increases the force of suction pressure applied to the ‘skin’ of the lung when a horse 224 

breathes-in.  But whereas a hickey is not life-threatening, a waterlogged lung can be.  225 
To bit a racehorse is akin to waterboarding a terrorist.  A toxic combination of 226 

asphyxia, pain and fear can lead to fatigue, falls, fractures and fatalities.  A bitted 227 
horse that is healthy in the starting gate can be ‘drown’d dead’ before it reaches the 228 
quarter pole.  A jockey, ejected from the saddle to meet a hail of metal-tipped 229 

hooves, shares a similar risk of sudden death. 230 

 231 

 232 
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 233 

Fig. 5:  Showing the manner in which the soft palate and the cartilages of the voice box act as switch 234 
plates to enable the throat to serve two functions, at different times, i.e., rapid breathing (A) or 235 
swallowing (B).  When running, the soft palate lies in contact with the root of the tongue, as in Fig.6b. 236 
For the purpose of this diagram, air is shown in the oral cavity but perhaps this liberty can be excused 237 
on the grounds of simplifying this complex dual function.  Lowering of the soft palate enlarges the 238 
nasal part of the throat for breathing and elevation enlarges the oral part of the throat for swallowing.  239 
Similarly the ‘flapper’ cartilages when raised, open the voice box and close the entrance to the gullet.  240 
When dropped, they open the gullet and close the voice box.  When swallowing, the soft palate is 241 
elevated and comes unbuttoned from the voice box, forming a seal against the roof of the throat to 242 
prevent reflux of food or water into the nasal cavity.  The oral part of the throat is now expanded at 243 
the expense of the nasal part of the throat.  The ‘flapper cartilages fold down to close the entrance to 244 
the windpipe and prevent food or water from inundating the lungs.  Finally, the epiglottis swings back 245 
to ‘double-lock’ the voice box.  For rapid breathing, the soft palate must be in the lowered position and 246 
clinging tightly to the root of an immobile tongue. 247 

Key: AC – arytenoid cartilages (the ‘flappers’); E = epiglottis; LP = laryngopharynx (a food channel 248 
permitting simultaneous grazing and quiet breathing); NP = nasopharynx (nasal part of throat); OI = 249 
ostium intrapharyngium (a ‘button-hole in the soft palate, into which the voice box should firmly fit at 250 
all times except during swallowing and coughing); OP = oropharynx (oral part of throat); SP = soft 251 
palate.  Black = bone or cartilage.  Brown = soft tissue.  Note how the least supported section of the 252 
airway is the throat.  It has to be mobile to carry out its dual function, so relies on mechanisms other 253 
than walls of bone or cartilage to maintain its rigidity during rapid breathing, e.g., the oral vacuum and 254 
longitudinal stretching by poll extension. 255 

 256 

 257 
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 258 

Fig. 6a: Showing the basic anatomy of the upper airway in a bitted horse at rest.  Note that the lips 259 
are not ‘set’ and, even though the mouth is not gaping, some air is present in the mouth, the digestive 260 
part of the throat (oropharynx) and, perhaps, the first section of the gullet (oesophageal pharynx).  Air 261 
will also be present in the voice box part of the throat (laryngo-pharynx) though cannot be illustrated 262 
in this diagram (see Fig. 5).  The double-ended arrow indicates airflow between the nasal part of the 263 
throat (nasopharynx) and the voice box.  The front cartilages of the voice box (the epiglottis and the 264 
‘flapper’ cartilages) serve in the manner of a grommet to engage the voice box in the soft palate 265 
‘button-hole.’ 266 

Key:  White = bone; pink = cartilage 267 

 268 

Fig 6b: Diagram as above but without a bit in place.  The lips are ‘set’ (closed).  A vacuum is present 269 
in the red regions and will also be present in the laryngo-pharynx.  The vacuum adds stability to the 270 
respiratory part of the throat (nasopharynx) in a galloping horse taking two breaths every second. For 271 
the purpose of illustration, the red area is shown as an actual space but, of course, a vacuum 272 
obliterates the space in practice and ‘glues’ the soft palate to the root of the tongue.  A vacuum in the 273 
laryngopharynx will also render more secure and airtight, the seal between the soft palate ‘button-274 
hole’ and the voice box, preventing a rush of air on expiration from escaping into the oral part of the 275 
throat (oropharynx). 276 
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 277 

Fig. 7: The diagram on the left shows a bit-free horse with ‘set’ lips and, let us suppose, an intact oral 278 
vacuum. The poll is well extended and the throat is not obstructed.  On the right, the lips are parted 279 
because of the bit and the oral vacuum has been dissipated.  The soft palate is dorsally displaced 280 
and the throat airway is severely obstructed at the point marked by the red spots.  The horizontally 281 
disposed apertures that connect the nasal cavity with the nasal part of the throat (the two posterior 282 
‘nostrils’ or nares) have been almost completely blocked by the elevated soft palate acting like a 283 
flapper valve.  With this degree of asphyxia, a galloping horse would only have to try and breathe in 284 
twice (something that takes one second) before its lungs would be seriously damaged by massive 285 
barometric bruising (barotrauma).  Acute pulmonary edema would develop in both lungs.The laws of 286 
aerodynamics are such that a 50% reduction in the diameter of a tube increases the resistance to 287 
flow by a factor of 16.  In this example, the degree of reduction in the diameter of the posterior nostrils 288 
is closer to 75%. 289 

 290 

References and further reading are appended to Part II 291 

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 
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PART II: THE SOLUTION 301 

 302 

Bit-induced loss of the oral vacuum is now proposed as a unifying hypothesis for the 303 

cause of NPPE (‘bleeding’) in the horse and many other all too familiar problems in 304 

the racehorse that, until now, have been considered to be of unknown cause.  These 305 

include instability, elevation and dorsal displacement of the soft palate, epiglottal 306 

entrapment (33, 48) and dynamic collapse of the walls of the respiratory tract during 307 

inspiration.  A collapse or ‘sucking-in’ of the airway tube can occur at a number of 308 

different places along the tube, wherever its wall is unsupported by bone or 309 

cartilage.  Many a horse will experience collapse at more than one section.  Caving-310 

in can occur at the junction of nasal cavity and throat (the posterior nostrils), in the 311 

throat itself, at the entrance to the voice box, and throughout the windpipe. All of 312 

these different obstructions can be attributed, predominantly, to the bit. 313 

The laws of aerodynamics relating to gas flow along tubes explain that negative 314 

pressure in the lung of a horse on inspiration will increase as distance from the 315 

obstruction increases (5, 14).  Consistent with this law, any asphyxia causes the 316 

most severe edema at the tail end of a horse’s lung and explains its symmetrical 317 

distribution in both lungs.  In bulleted form, the evidence on which future action over 318 

medication might be taken in the U.S.A. and over the rules of racing in all countries 319 

is as follows: 320 

 Upper airway obstruction (asphyxia) is the cause of pulmonary edema  321 

 The problem is akin to negative pressure pulmonary edema in man. 322 

 The bit causes asphyxia by breaking the lip seal and eliminating what 323 

should be a vacuum in the horse’s mouth 324 

 Elevation &/or dorsal displacement of the soft palate in the throat is the 325 

primary anatomical location of the asphyxia. 326 

 Other bit-induced causes of asphyxia include poll flexion, tongue and 327 

jaw movement 328 

 Obstruction in the throat leads to a cascade of further airway collapse 329 

in the voice box and windpipe 330 

 The abnormally high negative airway pressure generated by asphyxia 331 

during inspiration will be greatest at the tail-end of the lung, hence the 332 

distribution of the edema. 333 
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 Left-sided recurrent laryngeal neuropathy (‘roaring’ from a partially 334 

paralyzed ‘flapper’) is a less common cause of asphyxia but by no 335 

means rare.5 336 

 ‘Bleeding’ is a sign of asphyxia 337 

 Salix prevents neither asphyxia nor pulmonary edema. 338 

 The bit does not control the horse. On the contrary, it hurts and 339 

frightens horses and is the most common cause of loss of control, 340 

together with hundreds of other unwanted behaviors and another 40 or 341 

more diseases (24, 46, 47, 52) 342 

 The crossunder bitless bridle is painless and provides a safer, more 343 

humane, and more effective rein-aid with no side-effects (33).  It 344 

enables a rider to communicate without triggering soft palate problems 345 

and other cascade-effect causes of asphyxia.  It does not generate 346 

abnormal negative pressure in the lung and will not cause pulmonary 347 

edema. 348 

A plan for resolving the race-day Salix issue in the U.S.A., for providing a major 349 

advance in the welfare and safety of horses and jockeys worldwide, and for 350 

improving the public image of racing could be introduced in either two or three 351 

stages, depending on the country: 352 

1. Medication 353 

2. Education 354 

3. Administration 355 

 356 

Stage 1:  MEDICATION ISSUES (USA racing): 357 

As Salix does not remove the cause of pulmonary edema, its use on race-days 358 

cannot be justified.  Salix medication should be banned with all speed.  Such a step 359 

will: 360 

 Improve U.S. racing’s public relations 361 

 Restore the confidence of the gambling public in U.S. racing  362 

 Restore the confidence of overseas buyers in USA-raced bloodstock. 363 

A crisis is dangerous but also an opportunity. 364 

 365 

                                                           
5
 Horses with a complete paralysis of the left-side of the voice box (laryngeal hemiplegia) will probably have 

been withdrawn from training before they reach the racetrack 
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Stage 2:  EDUCATION (Worldwide racing): 366 

This stage will take a little time, as all stakeholders will need to become familiar with 367 

the pressing need for an update in equitation management, i.e., the introduction of a 368 

change in the rules of racing to allow use of the crossunder bitless bridle.  It is not 369 

suggested that the bit should be banned (even though such a reform can be justified 370 

on welfare and safety grounds) as this step would be fiercely resisted and would 371 

endlessly delay the introduction of a less controversial bitless option.  Once a bitless 372 

option is offered, the bit will fall out of favor and fade away in the passage of time, as 373 

bitless horses will simply perform better.  At some stage in the distant future, it will 374 

be possible for administrators, without raising a hue and cry, to quietly strike the 375 

Bronze Age bit from the rules. 376 

 377 

Fig. 8: Two diagrams showing the crossunder bitless bridle.  The one on the right is a worm’s eye 378 
view. The bridle has a figure-of-eight configuration with two loops, one across the bridge of the nose 379 
and the other over the poll.  Pressure and release on one rein (thick arrow) provides a painless rein-380 
aid for steering, nudging the opposite side of the head.  Pressure and release on both reins signals 381 
for slow and stop by hugging the whole of the head.  Strap pressure on skin (as opposed to steel on 382 
bone) is well distributed over a large surface area and is painless.  Such as it is, the greatest pressure 383 
occurs over the bridge of the nose, with less pressure under the chin, even less up the cheek and 384 
least pressure at the poll, as indicated by the attenuation of the blue shading. 385 
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 386 

Fig 9: Correct fitting of the crossunder bitless bridle. 387 

Part of the education process will have a practical component.  Trainers should be 388 

encouraged to use the crossunder bitless (CB) bridle for training purposes on at 389 

least some days of the week.  This will allow exercise riders and jockeys to gain 390 

confidence in the new approach and demonstrate to their own satisfaction, the many 391 

benefits that accrue for both horse and rider.  Until the rules of racing are updated, a 392 

bit will still have to be used on race-days but trainers will recognize that some of the 393 

benefits of bitless training will carry over to racing.  For example, horses will have a 394 

better attitude to racing; their mouths will be less sore; and their lungs less bruised. 395 

In 2005, a limited trial for this purpose was conducted by nine trainers in the U.K.  A 396 

copy of the feedback I received and sent to the Veterinary Committee of the British 397 

Horseracing Authority is available online (36, 37, and 51) 398 

Owners and trainers should lobby racing administrators to draw their attention to the 399 

disadvantages of the bit and the advantages of a safer and more effective rein-aid.  400 

To train an athlete, the last thing you want to do is to be economical with the oxygen. 401 

Trainers can point out that it makes no sense to deprive a racehorse of something 402 

for which a racehorse has such a huge need.  Mandating a piece of equipment that 403 

puts a crimp on a horse’s supply of oxygen could render racing organizations liable 404 

for catastrophic accidents. 405 

Stewards and administrators of racing should be encouraged to witness bitless 406 

training gallops and recognize the welfare and safety benefits for horses and riders.   407 

When a sufficient number of trainers have trained their horses bitless, administrators 408 

of racetracks could write races for bitless horses and monitor the results.  Controlled 409 

experiments to test the validity of the CB bridle under racing conditions can never be 410 

staged but these ‘natural experiments’ would serve as tests of concept. 411 
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Racing organizations could fund researchers to independently repeat and explore 412 

the documented condemnation of the bit that I have published over the last 15 years.  413 

Researchers could, for example:  414 

a) Carry out the tests I have described in my currently unpublished article submitted 415 

to the peer-reviewed journal Equine Veterinary Education.  I would be glad to make 416 

this article available for the purpose.  The radiographic and endoscopic tests are 417 

designed as ways in which my hypothesis on the cause of pulmonary edema (loss of 418 

the oral vacuum) could conceivably be refuted.  If the tests refute my hypothesis, it is 419 

‘back to the drawing board’ and we start again on a different search for the cause of 420 

pulmonary edema.6  But failure to refute would justify acceptance of the hypothesis 421 

at the present state of knowledge and provide a basis for action, i.e., a rule update to 422 

permit the CB bridle. 423 

b) Repeat the same or similar experiments to the one I carried out in 2008 in which I 424 

compared the performance of the same four horses, first when bitted and then – a 425 

few minutes later - when ridden for the very first time in the CB bridle (55).  426 

Independently scored by a dressage judge, the average score was 37 bitted and 64 427 

bitless (a 75% improvement in the first 4 minutes of being bitless) 428 

c) Take a group of horses and give them a standardized gallop test, with and without 429 

bits, using overground endoscopy to observe what differences occur in the incidence 430 

and severity of soft palate instability, elevation and displacement.  431 

  432 

Stage 3: ADMINISTRATIVE UPDATE OF THE RULES OF RACING: 433 

The long-entrenched belief that the bit controls a horse is a myth.  In reality, the bit is 434 

the most common cause of complete loss of control.  Reasons for permitting the CB 435 

bridle as an option to the bit can be summarized as follows: 436 

 Elimination of pain, respiratory/digestive conflict, mental stress and fear 437 

 A major reduction in soft palate problems 438 

 Fewer accidents (stumbling, falling, rearing, bucking, bolting, etc.,)7 439 

 Performance improvement  440 

                                                           
6
 It is worth noting that refutation of the oral vacuum hypothesis would not refute the body of evidence 

that indicts the bit on other physiological, welfare and safety grounds. 
7 In 15 years of field testing, on horses of all ages and temperaments, ridden by riders of all ages and 

experience from children upwards, and under a wide variety of conditions worldwide, not one accident 

has been reported to me as being caused by the CB bridle 
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 Economic benefits: Fewer lost days on account of sore mouths, bridle 441 

lameness, sore shins, unsatisfactory and delayed response to training; 442 

reduced wastage. 443 

 Bringing the rules of racing into line with current evidence on welfare and 444 

safety 445 

 446 

The hope is that in order to reduce the prevalence of pulmonary edema and 447 

catastrophic accidents, racing’s administrators worldwide will, one by one, be 448 

persuaded by the evidence to allow bitless racing.  It will take only one 449 

administration to lead the way and claim the distinction of being the first to introduce 450 

a rule update to significantly advance the welfare and safety of horse and rider.  451 

Whichever administration is far-sighted enough to do this will also have the 452 

opportunity to monitor its ‘natural experiment’ and publish results. 453 

In this article, I have focused on the evidence for change derived from the problem 454 

of bit-induced pulmonary edema.  Since 1988, I have promulgated the hypothesis 455 

that asphyxia is the cause of pulmonary edema (5).  Since 1998, with the benefit of 456 

additional evidence, I have been more specific and made the claim that the primary 457 

airway obstruction occurs in the throat, is associated with soft palate elevation, and 458 

is caused predominantly by the bit destroying the oral vacuum at exercise.  459 

Significantly, in the last 25 years – though there has been plenty of time - neither the 460 

original hypothesis nor its more specific version has been refuted.  On the other 461 

hand, I have published my refutations of competing hypotheses and these have not 462 

been disputed by their advocates.  By the rules of the game of science, a hypothesis 463 

that is refutable (i.e., is a proper scientific statement) yet – after a reasonable period 464 

of time - has not been refuted, deserves to be accepted ‘at the present state of 465 

knowledge’ and regarded as a legitimate platform for action.  If administrators 466 

decline to act, they could be required to show on what grounds they can defend a 467 

rule of racing that mandates the exclusive use of a bit, a device that is often in clear 468 

breach of their own state, federal or country’s animal welfare guidelines and laws.  469 

In the last 15 years, field-testing of the CB bridle in non-racing disciplines has 470 

already condemned the bit on many counts.  So even if the evidence on the cause of 471 

pulmonary edema in racing was not considered sufficient grounds for action, there is 472 

still an abundance of compelling evidence that the bit is unnecessary, unsafe, 473 

inhumane and carries an immense burden of dangerous side-effects.  Field-testing 474 

in non-racing disciplines has shown the CB bridle, compared to the bit, to be a safer, 475 

more effective rein-aid with no side-effects.  Quite apart from the role that the bit 476 

plays in the cause of pulmonary edema (predominantly in racing but not exclusively), 477 

it is also irrefutably known to cause hundreds of behavioral problems and at least 478 
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forty other diseases (45, 47, 52).  This is not the place to list these ‘non-bleeding’ 479 

side-effects of the bit, but as sore mouths are such a common problem in 480 

racehorses, it is appropriate to mention just one (38, 39).  The ages 2 to 4 are the 481 

critical years for a flat racehorse’s career, coinciding with the period during which 482 

their permanent dentition are erupting.  This is reason enough to avoid compounding 483 

a horse’s discomfort with a metal rod that lies, for example, over the long root of the 484 

erupting canine in a stallion.  If unwanted welfare-and-safety hazards, are not 485 

enough to persuade racing’s administrators to allow a more effective, safer and 486 

humane rein-aid, it can be added that the bit is a notorious ‘spoiler’ of performance 487 

and hugely escalates the expense of training. 488 

The evidence in support of allowing the CB bridle for racing is overwhelming, 489 

whether this is derived from the occurrence of pulmonary edema or from other 490 

diseases and unwanted behaviors.  If the CB bridle was allowed in racing, there will 491 

be an immediate improvement in the horse’s quality of life and rider’s welfare.  I 492 

predict too that a significant reduction in the prevalence of pulmonary edema and 493 

catastrophic accidents will be recognized in the passage of time. 494 

 495 

SUMMARY OPINION: 496 

Race-day Salix should be banned.  However, this will do nothing to prevent 497 

pulmonary edema and the prevalence of catastrophic accidents will not be reduced.  498 

Prevention of any disease requires removal of its cause.  The bit is the primary 499 

cause of asphyxia and this in turn causes pulmonary edema. The crossunder bitless 500 

bridle provides a humane and practical solution to many problems, including 501 

‘bleeding.’ 502 
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