
https://www.researchgate.net/publication/305766078_The_Horse%27s_foot_as_a_Neurosensory_Organ_How_the_Horse_Perceives_its_Environment?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/305766078_The_Horse%27s_foot_as_a_Neurosensory_Organ_How_the_Horse_Perceives_its_Environment?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Robert_Bowker3?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Robert_Bowker3?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Michigan_State_University?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Robert_Bowker3?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lisa_Lancaster3?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lisa_Lancaster3?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lisa_Lancaster3?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Robert_Bowker3?enrichId=rgreq-341b198858f1a353e7a3f995d2b1c06c-XXX&enrichSource=Y292ZXJQYWdlOzMwNTc2NjA3ODtBUzozOTAzMjQyMzQwMTQ3MjBAMTQ3MDA3MTk1NzMxNQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


1



2

adjustments, and/or for protective mechanisms. Some 
of this activity is also sent to the brain for perception. 
Free nerve endings convey painful sensations while 
other sensations such as touch, vibration, etc are initially 
detected by what are called mechanoreceptors before the 
information is transmitted to the spinal cord. �e wealth 
of sensory structures need to be activated by the physical 
deformation of the nerve endings and do not necessarily 
require conscious perception to respond immediately to 
stimuli (Figure 2). �ese sensory structures detecting touch 
and vibratory stimuli are important to enable smooth 
transitions between movements of the joints and limbs 
during a performance, as well as maintain the appropriate 
postural stance.   

�e horse�s foot is the primary avenue for the horse to obtain 
information about the physical features of the ground 
surface upon which it stands and moves. �e horse gains 
access to this information via the nerves and receptors, 
which are specialized for sensing speci�c information that is 
detected by the foot. �is information is then transformed 
into electrical activity which is conveyed along nerves 
in the horse�s legs to the central nervous system (CNS), 
including the spinal cord and brain. Within the spinal cord, 
the generated nerve activity becomes incorporated into the 
di�erent re�exes needed for movement, postural 

Chapter 5

�e Horse�s foot as a Neurosensory Organ: 
How the Horse Perceives its Environment 
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 Introduction

Figure 1: Schematic drawing of a cross section of 
a spinal cord and the sensory nerves passing from 
the horse�s foot to the spinal cord to enter into the 
various re�exes. A sensory nerve (RED �ber) consists 
of neural cells located in the dorsal root ganglion 
(DRG) and has two long �bers with one passing to 
the foot and the other passing into the spinal cord. 
�e many di�erent sensations that are detected and 
perceived by the horse�s foot are conveyed to the 
spinal along these nerve �bers. When this sensory 
information reaches the neural processing centers 
of the spinal cord, then some of the information is 
incorporated and used in the spinal cord re�exes 
that are so important for locomotion. �ese spinal 
re�exes aid in the contraction and extension of 
the limb muscles as well as the sequence of muscle 

contractions. Other components of this sensory information may pass to the brain for perception of what the speci�c stimuli and 
sensations are being detected by the foot. A third function of these sensory nerves is that when activated they also may have a local 
e�ect within the tissues of the foot, as these sensory nerves will often release some of their neurotransmitter chemicals into tissues 
locally. Within the many nerve cells of the DRG are cells each having di�erent chemicals or transmitters, that enable the nervous 
system to be able to communicate with other nerve cells. �ese chemicals are many, but only a few are listed here, as we have dealt with 
these sensory neurotransmitters directly:  SP: substance P; CGRP: calcitonin gene related-peptide; SOMA: somatostatin;  and more 
than 12-18 other peptides and small proteins that act as neurotransmitters in being able to excite or inhibit other nerve cells. �e other 
nerve �ber system present in the foot of the horse is those nerves that are part of the sympathetic nervous system (two nerves in black). 
�e sympathetic nerves are involved in the ��ght or �ight� response when we the horse is startled and are important in providing 
information to the smooth muscle �bers surrounding the blood vessels within the foot.  Nerves �bers pass to skeletal muscles, but there 
are few-to-no muscles present in the horse�s foot. Robert Bowker �les.
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Schematic drawing showing sensory nerves innervating the horse�s foot. �e �bers from the spinal cord pass via the palmar digital 
and palmar metacarpal nerves to the horse�s foot. Each of these nerves (the medial and lateral branches and the sensory nerves to the 
dorsal and more proximal foot appear to convey most all sensations that we can identify within the horse�s foot. �ey permit a wide 
variety of sensory information to be conveyed to the spinal cord from the foot, and each one has di�erent or several e�ects upon the 
microvasculature and other tissues within the foot. Robert Bowker �les.

Figure 2A: Super�cially, within the skin and areas of the coronet, many of these sensory nerves are present. Within the skin and 
surrounding the hair follicles are: tactile (touch) nerves (RED) that are very responsive to any movement of the hair shaft either 
by the wind, insects etc. �ere are other tactile nerve �bers (YELLOW) within both the epidermal and dermal layers and Merkel 
cells (GREEN) within the basal epidermal layers. �is information can be carried to the spinal cord and to the brain for perception. 
Physiologically, Merkel cells detect tactile or very light pressure sensations (NOTE: di�erentiation of these two sensations is di�cult 
both physiologically and behaviorally). From the animal�s perspective these sensory data are transmitted and incorporated into 
di�erent re�exes of the spinal cord during various gaits (walk, trot, canter, etc) and during more complex movements (jumping 
over fences and negotiating objects on the ground surfaces). Interestingly, placement of light-weighted anklets upon the fetlock can 
enhance the movements of the distal limb of the horse by activating these tactile receptors. Pain �bers (BLUE) can also be activated 
but usually only during damage or injury to the tissues. �ese thinly myelinated �bers are present around the hair shaft as well as are 
distributed throughout the dermal and epidermal layers. 

Figure 2B: Within the hoof wall, both tactile and light pressure �bers are present in the form of free nerve endings and Merkel cells. 
Pain and thermal �bers are also evident, when staining with speci�c identifying markers, such as Substance P and Calcitonin gene-
related peptide. Pacinian corpuscles are not evident in the corium of the hoof wall.  

Figure 2C: Similar structural elements are present within other areas of the foot, potentially for detecting the sensations of touch, 
pressure, pain and thermal energies. Light pressure/vibration sensations can be detected by Pacinian corpuscles (BLUE) at the heel 
bulbs and more deeply within the foot, while light pressure/tactile �bers and receptors (Ru�ni endings) are present around the 
major nerves passing to the horse�s foot and within the dermal areas of the sole and heel regions. �ese latter two receptors may be 
activated during movements with the foot contacting the ground surface or during times when these high energy vibrations are being 
transmitted through the ground to be detected when the horse�s foot is stationary. PDN: �ese released chemicals from the sensory 
nerves can dilate the vessels, promote edema formation, attract white blood cells, etc, during in�ammation. 
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awareness that the horse needs as a prey animal regarding its 
surroundings. �ese mechanoreceptors also produce local e�ects 
within the tissues, such as improving blood perfusion through 
the foot; these local e�ects within the tissues are perceived as 

�being comfortable� when these e�ects occur in humans. For 
this reason it becomes an interesting notion that the horse 
does in fact seek out areas in its environment that are 

�comfortable� from a horse�s perspective.

In other creatures, any local response in the foot to 
mechanoreceptors may a�ect the di�erent vascular beds. 
�is suggests that there is a coordinated and complex 
activity by the nervous system to actively alter regional blood 
�ow and perfusion of di�erent tissues, depending upon the 
stimulus. Such physiological changes in tissue perfusion are 
bene�cial, as they enable the foot to dissipate the energy 
during ground impact and to provider support during 
the stride�to interact with the environment, to protect 
the foot and to alter the sensory-perceptive capabilities by 
changing the sensitivity of the receptor�either to enhance 
or reduce its sensitivity. By enhancing our understanding 
of what these nerves and receptors are, where they are 
located within the foot, and how they may produce their 
physiological e�ects both in the CNS and locally, we can 
then value their bene�cial e�ects for the horse, as well as for 
us as hoof care professionals in the prevention and treatment 
of lameness problems. �us the purpose of this chapter on 
the neural structures within the horse�s foot is to provide 
information as to the types and locations of these various 
sensory structures, to show how you may employ them 
to improve foot health, and to also show how these same 
elements appear to be utilized by the horse for detecting 
and examining stimuli in its environment.

Other nerves conveying pain are the ones that often need 
to be desensitized by local anesthetic to localize the origin 
of pain during a lameness examination. However, the horse 
has little regard for the pain nerve �bers (i.e. normal horses 
do not think about pain unless they are in pain, when it 
becomes a focal point of attention). �e horse uses mainly 
the mechanical stimuli to get around the environment, 
as this mechanical information permits the horse to 
smoothly negotiate the varied surfaces the foot encounters 
as it gallops over the countryside. Knowledge of the types 
of sensory nerves and receptors present within the distal 
limb and foot are all-important ingredients to determining 
and appreciating the rich neurosensory apparatus of the 
horse�s foot. By knowing the locations, distribution, and 
the resulting behavioral and/or physiological e�ects 
of these many types of receptors in the foot when 
stimulated, one can begin to understand how the foot 
a�ects the upper limb and body, including the axial 
skeleton and neck, as well as vice versa! As you will see, 
the horse�s foot has the same variety of nerve types that 
we do in our own hands and feet. Most of these nerves do 
not conduct pain, but they do provide the critically important 
sensory information needed by the horse�s CNS for the many 
re�exes involved in the movements, as well as for the sensory 

�e sensory structures in the horse�s foot are 
activated by the physical deformation of the nerve 
endings and do not necessarily require conscious 
perception to respond immediately to stimuli.

Figure 3A: Cut section through frog showing the epidermal covering as well as the internal dermal and subcuteal tissues. Higher 
magni�cation of this area is shown on the opposite page in �gures 3B and 3A. Robert Bowker �les.
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Pain Receptors
Most of the known sensory receptors have been subdivided 
into several broad categories based upon their physiological 
responses when presented with a stimulus. �ese sensory 
receptors include pain, heat and cold and mechanical 
receptors. �e pain receptors become active when tissue 
damage occurs. In humans, painful sensations are subjective 
and are usually de�ned as being an unpleasant sensory and/
or emotional experience.  In animals, we rely on behavioral 
responses of withdrawal or escape from the o�ending 
stimulus to indicate painful sensation. Pain thresholds 
will vary from individual-to-individual, and from animal-
to-animal requiring a behavioral response. So a stimulus 
that causes a painful reaction in one animal may not cause 
a reaction in another animal. In the horse, activation of 
these painful sensations is observed and utilized during 
a lameness examination when the horse is experiencing 
su�cient discomfort to alter its movement sequence or to 
acknowledge discomfort during the application of hoof 
testers. �ese behavioral responses are usually referred to 
as physiological pain.  Activation of these pain receptors 
supersedes the in�uences of the other mechanoreceptors 
in determining the locomotion pattern. �e pain 

Location of the Nerves
�e feet of most mammalian species have contact with 
the ground via their hooves and/or foot pads, which are 
covered by very densely corni�ed epidermal layers with 
underlying dermal and deeper subcuteal layers (Figure 3).
�e hardened keratinized horn protects the inner workings 
of the foot or �ngers while the internal tissues function 
to support, nourish, perceive stimuli and dissipate any 
potentially harmful impact energies. �ese tissues must 
be capable of protecting the distal limb of the animal, 
and must also provide a means for the animal to obtain 
information about its surrounding environment. Internally, 
the subcuteal regions within the foot often are a mixture of 
collagen, �brous, fat and elastic �bers forming a complex 
and interwoven tissue network. Within this network is a 
more �primitive tissue� called myxoid tissue, which has 
as one of its characteristic traits,  the ability to adapt and 
change in response to environmental stimuli.25 One such 
adaptation is the formation of �brocartilage.8  It is within 
these tissue layers that the various sensory nerves and 
receptors are embedded for detecting the di�erent types of 
mechanical, painful and thermal stimuli that the foot may 
come in contact with. 

Figure 3B: Histological section of frog that has been stained to 
identify the many sensory nerves passing through the caudal 
to rostral frog tissues. �e arrows indicate several of the large 
sensory nerves that convey tactile sensations, as well as the many 
small myelinated �bers containing SP and CGRP that regulate 
tissue perfusion. �ese labeled nerve �bers are well distributed 
throughout the frog corium, and small branches continue along 
the smaller vessels as they enter the epidermal tubules (enclosed 
area). Robert Bowker �les.

Figure 3C:   Higher magni�cation of the thick-walled 
microvessel can be seen to have dense nerve �bers 
around the vessel (small white arrows) as it passes into 
the epidermal tubule of the frog.  
Robert Bowker �les.
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have thick insulation around these nerves) passing to the 
spinal cord and back to the hand�s withdrawal muscles. 
In a delayed response of a second or two, one begins to 
perceive a burning sensation within the tissues of the hand. 
�is sensation is carried by the pain �bers (thin layer of 
insulation which conveys the neural activity to spinal cord 
very slowly). Fortunately, Mother Nature had us wired this 
way for our own protection. If it were the reverse (i.e. the 
slow pain �bers were important for hand withdrawal by 
conscious thought), we would all have probably cooked our 
hands when we were very young whenever we put them on 
anything hot, as we would not have been able to move them 
quickly enough prior to signi�cant tissue damage. 

receptors usually are the �ne, free nerve endings with a 
thin wrapping of insulation (i.e. a fatty substance called 
myelination)  (Figure 4).  �ese �pain� �bers penetrate 
into the di�erent tissues, through the basal layers of the 
epidermis and extend toward the surface (Figure 5). Some 
of these �bers appear to extend into the very basal layers 
of the stratum lamellatum. �e role of myelination as an 
insulator becomes important when these pain �bers are 
activated. We have all experienced the pain re�ex changes, 
such as when you reach for a hot pan on the stove: you get 
the instantaneous re�ex withdrawal of your hand from the 
hot pan and then about a second later you feel the burning 
sensation of your hand. �e quick withdrawal of your hand 
is carried out by rapidly conducting nerve �bers (i.e. they 

Figure 4: Schematic drawing showing a spinal nerve passing to the equine foot and its composition of both myelinated (fast 
conducting nerves) and unmyelinated nerves (slower conducting nerves). �e thicker myelinated nerves have a fatty substance 
around the �bers which insulates the individual nerve  or axons (RED), allowing the electrical activity to be conveyed rapidly to 
and from the spinal cord. �e myelin is colored purple to blue in the drawing and is produced by cells called Schwann cells. �e 
smaller nerve �bers represent the unmyelinated nerve �bers, which are similar to axons, being embedded in the myelin rather than 
being snuggly wrapped like a jelly roll by a thick covering of myelin. In the horse, the nerves to the foot have approximately 4-5 
unmyelinated nerves for every myelinated nerve �ber. �e myelinated nerves convey tactile and vibratory information to the spinal 
cord while the unmyelinated nerves contain the peptides which are so important in mediating local e�ects within the tissues of the 
foot. Adapted from Ransom, BR, Organization of the nervous system, In: W. Boron and E. Boulpaep, Medical Physiology, a cellular 
approach, Saunders, Philadelphia, 2003, p. 277.  
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opposed to the perception of three di�erent sensations of 
touch, pressure and vibration. �ese more complicated 
stimuli begin to be organized and perceived in the higher 
brainstem areas and even cerebral cortex.  

�ese combinations of energized receptors are still being 
investigated. �e sensory �eld activated by a stimulus can 
have a small or large area of detection, especially in the 
deeper tissues of the foot. In humans this idea is similar 
to a small localized area on our �ngers for more precise 
localization, versus a larger area that would be perceived 
if activated by the same stimulus if it were on our backs 
(i.e. less precise localization). �ese same e�ects in sensory 
biology are probably occurring in the horse. Here, the same 
stimulus applied to the foot (i.e. small stone with small 
percentage of weight or with all weight being applied) may 
activate the same receptors, and have a small receptive 
�eld. �e smaller �eld would be important for locating the 
speci�c stimulus while a broader �eld could be activated 
if the stimulus strength was greater due to its e�ects upon 
deeper tissues (i.e. pressure), resulting in a less precisely 
localized stimulus. 

�e di�erent mechanoreceptors are not equally distributed 
throughout all areas of the horse�s foot; they are regionally 
localized to restricted areas of the foot. �is observation 
indicates that some receptors may have speci�c roles in 
detecting and informing the horse about its environment 
during movement and stance postures, while others 
distributed throughout the foot would be important for 
most interactions with the environment and less critical for 
speci�c activities. We will brie�y discuss where and what 
these sensory nerves and receptors are, and how the horse 
appears to utilize these receptors. 

�ermal Receptors
In a similar structural mode, a thermal receptor also 
represents �naked� or thinly myelinated nerve endings, 
but these nerves respond to temperature changes (both 
absolute and relative), rather than to tissue destruction.   
�ese temperature-sensitive nerves respond mainly to either 
warm or cold temperatures within the innocuous ranges, 
rather than at the extreme temperatures that cause tissue 
damage. When tissue damage is done, pain �bers are 
activated. Within the horse�s foot, little is known regarding 
the presence of thermal receptors and their potential 
biological responses. However, anecdotal evidence does 
suggest that thermal receptors may be present within the 
tissues of the horse�s foot, as many riders have mentioned 
that during the hot summertime when they are riding on a 
beach the horses respond by trying to avoid stepping on the 
very hot sand. While the response capabilities of the horse 
may be altered by external or environmental in�uences, 
the thermal-sensitive nerves are more or less capable of 
responding to temperature changes despite being within 
the enclosed keratinized hoof. 

Mechanoreceptors
�e third type of sensory receptors within the horse�s foot 
is the mechanoreceptor.  �ese types of receptors are 
present within the dermis (corium), where blood vessels 
and connective tissue are located. �ey become activated 
when a physical deformation of the skin and the 
underlying tissue occur, rather than tissue destruction 
or temperature changes. �is deformation results in a 
series of electrical events being generated and conveyed 
to the spinal cord and brain. Generally, there are several 
di�erent types  of mechanoreceptors, which are activated 
by di�erent physical stimuli, but are usually not activated 
by  painful stimuli, or ones that cause tissue damage. �ese 
receptors respond to a range of stimuli from light physical 
touch (i.e. mosquito landing on skin hairs or a light breeze), 
to vibrational energies (i.e. foot impact when the heels hit 
the ground and earth vibrations during earthquakes) and/
or to deep pressures (i.e. foot loading while standing or 
being supported on small area of foot), to name a few. 

Each of these three sensory mechanoreceptors is selectively 
sensitive to di�erent physical stimuli, or energies; in other 
words, they only respond to one or two types of stimuli, or 
energies. In this manner, activation of di�erent but speci�c 
receptors or activation of a combination of several types of 
sensory receptors will produce di�ering sensations, as well as 
a wide range of individual sensations that can be perceived 
by the horse. For example, if a rapid pressure was applied to 
the palms of your hands (i.e. hand clap), the touch, pressure 
and even vibratory receptors may all be activated in that 
brief moment. However, the perceived sensation may be a 
combination of activating all of those receptors, as

�e horse�s foot is really a neurosensory 
organ, as its very rich supply of  types, and 
diversity of chemically identi�ed nerves 
seem to be holding all of the tissues together.
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Once stimuli are detected, the sensory nerves convey 
activity to the spinal cord at rates depending upon their 
degree of insulation (myelination). Relatively thick myelin 
sheaths convey sensory information faster than the thinly 
insulated nerves (remember the example of the hot pan?).  
�is information and its rapid transmission from the foot 
to the spinal cord is necessary for its incorporation into 
the spinal cord re�exes and the centrally programmed 
generator (CPG) in the spinal cord and brainstem for 
locomotor activity (walking to galloping) (Figure 6). �e 
CPG is a group of rhythmically-�ring nerves cells in the 
spinal cord that coordinate the speci�c �exor muscles and 
extensor muscles of the front and hind limbs to contract 
and extend together with the muscles of the back and neck. 
�e CPG receives sensory information from the feet and all 
of the ligaments, tendons and the like from the limbs and 
back and incorporates this information and then processes 
it to be sent back to the �exor and extensor muscles of the 
limbs and back musculature rapidly. �is integration of 
sensory and motor information permits the horse to race 
along uneven ground surfaces and over fences with little 
thought e�ort. �e sensory side of this equation seems to 
be more important as there are approximately four times 
more nerve �bers with thin or relatively little insulation as 
compared to the thicker myelinated motor nerves. 

So why did Mother Nature provide the horse�s foot with 
so many sensory nerves with di�erent types of �bers 
and neurotransmitters? Unfortunately, the answer to 
this question remains elusive; however, each of these 
neurochemicals has the capability to a�ect various tissues 
slightly di�erently to carry out their e�ects and purposes. For 
example, if one or more of these sensory neurotransmitters 
are a�ected by disease, then there is another neurological 
system present that pick up the slack so to speak and carry on 
with similar sensations and interactions with other tissues.   

�e dissection of these sensory nerves in the distal limb 
and foot of the horse provides only a limited view of the 
foot�s extensive sensory innervations. As we dissect below 
the pastern region, the sensory nerves become smaller and 
smaller, making them di�cult to see with the naked eye. 
However, they seem to really multiply under the microscope 
as the sensory nerves become small, thin �bers, with many 
forming large or extensive ��ower spray� endings that 
spread out the e�ective area of nerve innervations. When 
we examine the foot tissues under a microscope, the sensory 
nerves are found to be almost �everywhere�, suggesting that 
the horse�s foot is really a neurosensory organ, as its very rich 
supply of  types, and diversity of chemically identi�ed nerves 
seem to be holding all of the tissues together.  �ese observations 
imply that the horse�s foot is very sensitive to many and 
di�erent types of sensory stimuli in its environment, being 
similar to the dense innervation of our own �ngers. �e 
many di�erent types of stimuli in the environment, once 
detected, will send this information to the spinal cord to 
become incorporated in the spinal re�exes needed for stance 
or movements, and perhaps a�ect the overall behavior of 
the horse, or the sensory information may a�ect the tissues 
locally and be in�uencing the foot�s physiology of blood 
�ow through the veins, small arteries, lymphatic vessels, 
and also the internal milieu or �environment� of the foot.  

 Microscopic Distribution Of Nerves 
 Within �e Foot

Figure 5: Histological section of equine epidermis showing 
sensory nerves containing Substance P (SP) as a neurochemical 
transmitter within the nerves. �e black beaded �bers can be 
seen to pass from the underlying dermis (light color) and pass 
into the upper levels of the epidermis. �e white arrow marks 
the border between the dermis and epidermis. �e smaller 
black arrows mark the sensory nerve �ber at di�erent locations 
within the skin. Robert Bowker �les.

Brain
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inputs, the CPG of the brainstem and spinal cord could 
not function appropriately. Each of the many types of nerve 
�bers and their speci�c chemicals contribute a small piece 
to the entire puzzle of the neurobiological control of equine 
movement and sensory perception permitting the horse to 
negotiate within its environment. 

Clinical and Physiological Signi�cance
�e wealth of sensory nerves innervating the distal limb 
and foot strongly suggests that the horse�s foot is a very 
sensitive organ for detecting the countless and diverse 
environmental stimuli, as these stimuli are incorporated 
into local re�exes and also are processed at higher levels of 
consciousness for the horse�s perception. �e broad range 
of sensory receptors and nerve �bers further illustrates that 
the foot is one of the primary means by which the horse 
gains information about its  environment, not only upon 
the surface that the horse walks on but also from deeper 
regions within the ground surface.  Without these sensory 

Figure 6A schematically illustrates the Central 
Program Generator (CPG) present in the brain 
(two brown cells) and in the spinal cord (blue 
blocked area) of the horse. �is �locomotory 
generating and coordinating system� is responsible 
for providing neural activity to the spinal cord from 
the brain (1) for coordinating the movements and 
the muscular contractions of the forelimb and hind 
limb with each other and among the four legs, and 
(2) for incorporating the sensory information from 
the environment necessary for the limbs and back 
musculature to adjust their activity with each step. 
In the brain, whenever the horse walks, runs, etc, 
the CPG cells become active and send their neural 
activities to all levels of the spinal cord. �is nerve 
cell activity coordinates the contractions of the 
cervical and lumbar muscles of the back and neck 
with the muscle contractions of the limbs, as well as 
between the forelimbs and the hind limbs.  

On one side of the spinal cord, this alternating neural activity passes between the �exor motor cells (�exors) and the extensor motor 
cells (extensors) controlling and coordinating the respective muscle groups of that limb. �ese nerve cell activities are responsible for 
not only coordinating the proper sequences of the muscular contractions within the same limb (Motor cell activity), but also telling 
the muscles how much to contract. 

In �gure 6B, this nerve cell activity in the spinal cord can be seen in graphical form of the muscular contractions within the same limb, 
as alternating contractions and relaxations of the respective extensor (blue arrow) and �exor (red arrow) muscles are recorded. When 
the extensor muscles contract, the forelimb is on the ground and supporting the weight of the animal (Load-blue color). When the 
�exor muscles contract the forelimb is lifted o� the ground and there is no weight being supported  (Lift-white color). �is reciprocal 
contraction and coordination of the di�erent muscles within the same limb is due to the CPG within the spinal cord and brain. In 
addition, this alternating neural activity is occurring between the two forelimbs, as well as with the two hind limbs, and results in a 
well integrated, but complex �locomotory generation pattern� of limb movements.
 
�is basic nerve activity in the brain and spinal cord will change in its overall level of neuronal activity, depending upon the speed 
and gait of the locomotion pattern of the horse. �is level of activity can range from low cell �ring at a walk to high bursts of activity 
during a full gallop. �e sensory nerves of the forelimb are composed of both the thinly myelinated nerves (painful sensations) and 
the thickly myelinated �bers (touch, pressure, proprioception and vibration) and can provide information about the ground surface 
during these movements. �ese sensory inputs are detected and perceived when the horse is walking or running and then are conveyed 
to the spinal cord. �ese sensory inputs can then in�uence and change the spinal activity of the CPG. �is sensory input is critical 
to the proper functioning of the spinal cord generator complex for coordinating movements as it will inform the nervous system as 
to how much and how fast the muscles of both the limbs and back will need to contract to support the horse when moving over the 
ground surface. Robert Bowker �les. 
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Sensory E�ects
�e following example illustrates that two very similarly 
shaped objects can evoke two di�erent sensory e�ects and 
form di�erent perceptions: a primary sensory e�ect of 
touch with the information passing to the brain or several 
e�ects where the same sensory nerves can convey tactile 
information to the brain as well as evoking signi�cant 

�motor-like e�ects�  in the periphery. In this example, when 
we place similarly shaped and size fruits in our mouths: a 
cherry and a jalapeæo pepper, the e�ects are very noticeably 
di�erent. �ese two pieces of fruit will activate di�erent 
nerves.  �e sensory information from the cherry will 
activate touch receptors in our cheeks and tongue and 
proprioceptive receptors around tastes buds, tongue muscles 
and �bers as well as our teeth. When we bite into the cherry 
we will also activate additional tactile and thermal sensory 
receptors as well as taste receptors, as we begin to appreciate 
the sweet or bitter taste of the cherry, as well as its physical 
features via the tactile and mechanosensitive receptors and 
�bers. �ese and other e�ects that we perceive are usually 
carried out by the mechanosenstive receptors and their 
nerves as we begin to perceive an increase in salivation. 

On the other hand, when we place a small round jalapeæo 
pepper in our mouths, we can also activate these same taste, 
tactile and proprioceptive receptors and nerve �bers as we 
appreciate the pepper�s physical features. However, there are 
some other changes that we will become aware of as soon as 
we bite into the pepper, which will be somewhat di�erent 
than that of the small cherry. �e opening of the jalapeæo 
pepper also releases a chemical called capsacin, into our 
mouths. �e chemical capsacin will speci�cally activate 
the many thinly myelinated or naked sensory nerve �bers, 
which will release Substance P (SP) into our mouths. �is 
release of SP from the sensory nerves will have a cascading 
e�ect to a�ect other nerve receptors within our mouth 
as we   begin to �appreciate� the burning sensation on all 
mouth tissues that have come in contact with the capsacin 
from the jalapeæo pepper.  �ese other sensations will 
include pain and perhaps burning sensations along with a 
warming and reddening e�ect of the inside of our mouths. 
�e pain and possible edema e�ects are due to the thinly 
myelinated nerve �bers being activated with the release of 
SP from the sensory nerve terminals, which will also dilate 
the super�cial blood vessels lining the mouth through the 
activation of the NK1 receptors on blood vessels. �ese 
vascular e�ects will produce a warming sensation as more 
and more blood �ow occurs through the dilated vessels 
and our cheeks will become reddened with this increased 
blood �ow through them. If the peppers are hot enough 
to release large quantities of capsacin-like ingredients, then 
even edema may occur locally in our mouths as the spaces 
between the cells lining the vessels allow �uids to leak into 
the interstitial spaces. 

Now that we have introduced the three basic types of 
sensory receptors and the fact that there are numerous 
neurotransmitters being released from sensory nerves, the 
question is what do they do�either  in general way, or in a 
more speci�c sort of way? 

Within the horse�s foot, these released chemicals have 
signi�cant e�ects upon (1) the horse�s internal foot 
tissues, (2) the various vascular beds within the foot and 
(3) the horse�s perception of ground surfaces. When these 
neurotransmitters are released from the sensory nerves 
into the peripheral tissues, they trigger di�erent events, 
depending upon what the neurochemicals are, where the 
neurochemicals are released from the sensory nerve terminal, 
and on what cell types/receptors the neurochemicals come 
into contact with.  Each e�ect upon the tissue will also be 
dependent upon what other neurochemicals released from 
other nearby sensory nerves, as these neurotransmitters 
will enhance, lengthen or perhaps shorten the e�ective 
time period of neurochenical actions. �ese events include 
generating action potentials, prolonging the e�ects of 
other neurotransmitters at their sites of action, a�ecting 
the vasculature in terms or blood �ow and tissue perfusion, 
recruiting other cells/immune system mediators to the 
site to promote healing mechanisms, and/or having even 
negative e�ects with chronic neurotransmitter release 
within the horse�s foot. 

�e list is almost endless as to what these sensory 
neurotransmitters promote within the horse�s foot tissues. 
What we are trying to say is that these many thinly 
myelinated sensory nerves will actually provide a �motor 
e�ect� within the tissues. �is concept of tissue e�ects in 
the periphery by the sensory nerves was not known until 
the early to mid-eighties when scientists33,38, 24,58  discovered 
that activation of the sensory nerves actually released 
chemicals peripherally into the tissues from the nerve �bers, 
in addition to conveying the �sensory information� to the 
spinal cord. �is concept represented the major change 
in our way of thinking about sensory nerves as not being 
exclusively conveying information towards the spinal cord 
and brain from the periphery. Rather, these profound e�ects 
seen in the peripheral tissues by the nervous system indicate 
that the neurochemicals released into the tissues from the 
sensory nerves can in�uence the outcome of the disease 
process: they can ameliorate and contribute to the healing 
process, or these same neurochemicals can also exacerbate 
the healing process, as in chronic diseases (Figure 7). 

Chemically-Identi�ed Nerves Within the Foot
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the amino acid arrangement of the origin SP protein, the 
�modi�ed SP� may a�ect other types of receptors in tissues 
but they will be less likely to be able to bind to the SP 
receptors on the vessels to cause dilatation. �is �modi�ed 
SP� has a new �shape� to it, and as a result of the change in 
shape, it will not serve as a �key�  to �t into the �lock and 
key� mechanism of the original SP receptor very well. 

If the reaction is severe enough, then an in�ammatory 
reaction is produced by the SP release into the tissues with 
the attraction of white blood cells and other in�ammatory 
agents. �ese e�ects within our mouths are just an example 
of how similar objects can activate di�erent sensory nerve 
�ber types with totally di�erent e�ects within our body 
tissues depending upon which of the neurochemical agents 
that are released from the sensory nerves. Other common 
examples of the e�ects of SP include pepper spray that 
many people use as defensive protection of their own 
person and capsacin hand cream that many people use 
to decrease the arthritis pain in the joints of their hands, 
etc. Both seem to act via the release of SP from the sensory 
nerves in our corneas or in our joints, respectively. Finally, 
when SP is released alone from a sensory nerve terminal 
into a tissue region, it may have an e�ect for a microsecond 
or so. However, if another chemical is also released with 
the SP then the e�ects of SP are prolonged for 5-7 seconds, 
which is an �eternity� in terms of neurotransmitter e�ects 
(Figure 7). Such an e�ect may be important in more 
chronic situations when the sensory nerves are apparently 
releasing these neurochemicals into the tissues for extended 
time periods. 

Tachykinins
One such group of pharmacological receptors known to 
be present on the vessels within the horse�s foot are the 
tachykinins.15,55,56 �is is a group of receptors that have 
similar pharmacological properties that carry out their 

�drug actions� by SP-related compounds. �ere are three 
pharmacological types of this receptor named neurokinin 
1 (NK1), NK 2 and NK3.36,47 Substance P (SP) binds 
preferentially to the NK1 receptors and does not bind (or 
binds very little) to the other two types, while if you modify 
the SP protein (eleven amino acids) and just change one 
or two of them, the �drug actions� will change slightly 
to increase or decrease how active the SP-like compound 
is. When SP is released from sensory nerve �bers and it 
di�uses to the vasculature it is a potent vasodilator in most 
horse tissues. (NOTE: this above is an example of the 
same neurochemical being released, but activating di�erent 
receptors depending upon the location of the neurochemical 
and being coupled with a pharmacological receptor.) 

When NK1 receptors are activated, the SP binds to the 
NK1 receptors much like a �lock and key� mechanism. 
�e microvessels respond by dilating, as the cells along the 
inside of the blood vessels called the endothelium release 
nitric oxide,26-28  which induces smooth muscle relaxation 
of the microvessels.  Such an e�ect upon any vascular bed 
will increase the diameter of these very small vessels and 
enhance the perfusion of the tissue, as greater numbers of 
vessels become available for blood �ow. When we modify 

 Perceived Sensations and their 
 Physiological Changes:
Pain sensory receptors and nerves: 
With the sensory nerve �bers, a variety of neuropeptides 
have been identi�ed to be present in these thin myelinated 
nerves with SP and calcitonin gene-related peptide 
(CGRP)�being the most studied concerning  pain. �ese 
two nerve neurochemicals present in the horse�s foot 
usually co-exist in the same nerve �ber, which results in 
both neurochemicals being released simultaneously from 
the nerve terminals when pain sensation is activated, 
such as with a nail or wire penetration.45 (Figure 8). �e 
majority of the SP peptide within sensory nerves is 
concentrated peripherally in the tissues with about 75-85% 
of it being present in nerve terminals, while a much smaller 
proportion is located in the terminations in the dorsal horn 
of spinal cord itself.  �is aspect of the neuroanatomy of 
the chemically-identi�ed sensory nerves having a peripheral 
concentration of the peptides, rather than having them 
concentrated centrally, has clinical implications during 
both normal and diseased conditions, as mentioned above. 

Within the foot, whenever a painful stimulus is 
encountered, the induced neural activity is conducted 
towards the central nervous system, which activates 
multisynaptic (�Multi��many; �synaptic��location on 
the nerve �ber where nerve cells communicate with each 
other.) pathways in the spinal cord that are important 
for both local protective re�ex mechanisms and more 
distant sensory perception.58-60  (NOTE: Concerning the 
nervous system, when a multisynaptic pathway is activated, 
it means that the recruited nerve cells are attempting to 
protect the organism from the o�ending pain stimulus to 
minimize tissue damage and/or painful sensations. �ese 
now activated pathways are trying to withdraw the limb 
away from the stimulus and promote the in�ammation 
physiological processes to try to stop the invading insult 
from further injury and to begin the healing process if 
possible.) �is complicated process simply tells the animal 
that the painful stimulus hurts, but also in the periphery, 
due to the release of these neuroactive agents into the 
tissues, the physiology of the local tissue is altered: tissue 
perfusion can change as in�ammation occurs, which 
is usually bene�cial as a protective measure against the 
invading threat. Within the tissues a series of involved and 
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tissues (as occurs with rheumatoid arthritis in humans) 
and begin to degrade the actual integrity of the connective 
tissue elements.36 We believe that in the horse, the more 
chronic a disease or problem becomes, such as with chronic 
laminitis, the more likely that these same neurochemicals 
will have deleterious e�ects upon the integrity of the tissues. 

�ermal receptors and nerves: 
�ese types of receptors respond to temperature, primarily 
within the innocuous range�as beyond this range, body 
tissues begin to be destroyed, activating the pain-sensitive 
�bers. �e potential presence of thermal receptors in 
the horse�s foot is supported mainly from anecdotal 
observations in di�erent behavioral situations, such as when 
a horse resists moving on hot surfaces or in deep snow and 
ice, while the internal foot tissues remaining viable under 
these extreme conditions. �e horse appears to be less 
a�ected with the cold surfaces, although these cold surfaces 
may not be extreme in temperature. �e physiological 
evidence that the tissues respond to temperatures has 
been obtained from recordings using thermal probes in 
the horses feet during cold periods.46  �e temperature 
�uctuations are believed to be due to the opening and 
closing of arteriovenous anastomoses (AVA) within the 
dermis of the hoof wall.31, 43 Functionally they appear to 
be the same that we have in our own �ngers.31 Interestingly, 
there is a physiological di�erence between the two nerve 

complicated events occur with the activation of the immune 
system and in�ammatory processes: a series of cascading 
molecular events and processes occur with the invasion and 
release of di�erent neurochemicals and other molecules 
into the a�ected site. All of these now-active processes are 
geared towards protecting the organism and promoting 
healing. When these two neurchemicals- SP and CGRP 
(calcitonin gene-related peptide) are released together 
from the same nerve �ber into the tissue, the duration of 
the in�ammatory e�ects are prolonged by increasing the 
half-life of SP,36,39,40,51-53 as we have mentioned previously. 
�is in�ammatory reaction promotes the attraction of 
white blood cells, and the NK1 receptors are activated by 
these neurochemicals on vessels to cause vasodilation and 
erythema (reddening of the surrounding tissues). �ese two 
processes further induce edema formation, and promote 
the release of additional in�ammatory agents from cells 
(Figure 8).  With the activation of the NK1 receptors by 
SP the dilation of the vasculature represents a potent e�ect 
of SP, which occurs via nitric oxide. �ese in�ammatory 
e�ects, with the release of SP into the periphery, can be 
abolished when these sensory nerves are cut or ligated. 33, 36

�ese lessened in�ammatory e�ects will often be seen in 
horses with surgical neurectomies, further supporting 
the notion of sensory nerve activation in promoting 
in�ammatory responses.  In chronically in�amed tissues, 
these neurochemicals have been shown to increase in the 

Figure 9A (left): In this example [methods described in detail later in this chapter], the venous blood �ow at the level of the fetlock 
was measured showing a normal waveform that pulsates (arrows)-wave acceleration (speed of waveform to reach peak velocity) is 
slower in the normal recordings (acc: 36.1 cm/s) and the sensory nerves appeared a�ect the �ow as the waveform becomes more 
sharply de�ned when foot placed in cold water (9B right) before there was a any change in �ow due to cooling of the foot. Within a 
few minutes the venous �ow changed as evident by the increased acceleration of the venous �ow. �ese changes occur very rapidly 
and appear to be due to nervous activity due to thermal changes as the blood �ow did not appear to change. �is direct evidence of 
sensory nerves a�ecting �ow is preliminary; however, more conclusive evidence of the sensory nerves having a direct e�ect in �ow 
is seen during recordings of blood �ow in the opposite, but not cooled, limb (see below Figure 21A and 21B later in this chapter). In 
this instance the sensory nerves conduct thermal information from the iced forelimb foot to the opposite limb and result in a similar 
decreased perfusion of blood through the foot. Robert Bowker �les.



15

Clinical and physiological signi�cance: 
�e activation of these pain-conducting nerves can produce 
e�ects both in the spinal cord and brain, as well as in the 
peripheral tissues. Pain sensation is a potent input that 
dominates most re�ex responses, as the organism attempts 
to protect itself from further injury. Peripherally in the 
tissues, substance P and other neurochemicals are related 
to the in�ammatory processes when they are released 
from the sensory nerves, as we have described above. It 
is these events that most clinicians deal with during 
a lameness examination, as the perineural or synovial 
deposition of the local anesthetic will help desensitize this 
painful region within the foot for the localization of the 
lameness issue. In chronic instances, the sensitivities and 
in�ammatory e�ects within the tissues may be exaggerated 
(as compared to normal) due to the continuous release 
of these neurotransmitters into the tissues.36 In these 
instances, usually referred to as �wind-up�,  any ever-so-
slight stimulus will set o� an intense response of pain 
sensation that is well beyond the same stimulus produced 
under normal conditions. 

types in the �ring frequencies and response capabilities, as 
well as structural di�erences of these nerve �bers within 
the tissues.19, 22 Cold temperatures do appear to have both 
a direct e�ect upon the vasculature within the foot, as 
well as an indirect e�ect via activation of sensory nerves 
innervating other body areas. In �gure 9, a fairly rapid and 
more direct e�ect can be seen by having a horse place the 
foot to a level below the coronet in cold water and recording 
the blood �ow exiting the foot. While many of these 
thermal receptors respond to only temperature changes 
in the super�cial surfaces, there are some thermoreceptors 
(termed polymodal) that respond to various stimuli besides 
temperature, such as when certain chemicals are applied to 
the skin surface. �ese observations indicate that there is 
a dynamic, but complicated relationship between thermal 
receptors and other types of sensory receptors. �ere can 
be a speci�c sensory stimulus, which can di�er from a 
speci�c chemical stimulus. In any event, both anecdotal 
and physiological evidence supports the idea that there are 
thermal receptors in the horse�s foot and the horse can perceive 
the temperature di�erences in hot and cold ground surfaces. 

In �gure 10C, the Substance P-like 
neurochemical�neurokinin A�
innervates the small vasculature associated 
with the skin overlying the coronet. 
Neurokinin A is a small peptide released 
from the sensory nerves that can promote 
vasodilatation of the microvessels in the 
skin, which causes increased warmth and 
reddening (erythema) along with other 
potentially pathological e�ects. 

Figure 10A: Schematic �gure showing nerve �bers (RED) wrapping themselves around the hair follicles in the coronet. �ese are 
tactile mechanosensitive nerve �bers, as well as movement-sensitive and pain or nociceptive nerve �bers. �ese nerves are very 
sensitive to any slight bending of the hair shaft or possible indenting of the skin that moves the hair. Any insect landing upon the 
hair shaft or movement of the skin over the coronet will most likely discharge the nerve receptors for producing electrical activity 
to be transmitted to the spinal cord. �ese same peptide-containing nerve �bers can also be seen to pass into the basal layers of the 
epidermis overlying the corium of the skin. Robert Bowker �les.

In �gure 10B, using immuno- 
chemical techniques, sensory 
nerves �bers can be seen to wrap 
themselves along the hair follicle 
(white arrow) towards the surface 
of the skin. �ese sensory nerves, 
identi�ed as CGRP containing 
�bers, will be responsive to 
physical deformations of the skin 
and hair follicle and to painfully 
applied stimuli.  Robert Bowker 
�les.
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similarly-constructed sensory receptors that are activated 
by mechanical or physical stimuli. �ere are generally three 
categories of these mechanoreceptors. �e �rst category 
reacts to the sensation of light cutaneous contact or touch 
which usually deforms these receptors located super�cially 
in the epidermis and dermis of the coronet or the dermis 
of the frog, and perhaps of the hoof wall; these receptors 
can range from free nerve endings to specialized receptors. 
Touch and light pressure are di�cult to distinguish 
electrophysiologically, as when one performs one stimulus, 
the other stimulus is also activated simultaneously. �us 
they are often classi�ed as similar sensations. 

�e second category senses deep pressure.  �is pressure 
sensation is detected when a greater physical force applied 
to the skin and foot to deform the deeper tissues of the 
dermis, such as that applied when the foot tissues are fully 
loaded during stance or movement. 

�e third category of receptors perceives vibration 
sensations.  �ese receptors are activated by the rapidly 
applied physical stimuli of ground impact or shifting 
posture. Together these various sensations are fed into 
the nervous system for incorporation into the centrally 
programmed re�exes and movement patterns, which enable 
the horse to move and perform as an athlete. In addition to 
the impact energies created by the fully loaded foot and 
the ground, other vibrational energies are perceived as 
energy waves, and are transmitted through the ground and 
detected by the foot when the horse is standing.

Types of Mechanoreceptors in the Equine Foot
In addition to the sensory nerves for pain and thermal 
transmission, there is another group of receptors ranging in 
complexity from free nerve endings to specialized complexes 
that convey other sensations, ranging from light touch to 
pressure and vibration: these sensory receptors are called 
mechanoreceptors, as the induction of the nerve electrical 
activity is due to physical deformation of the receptors by 
an environmental stimulus rather than actual destruction 
of tissue. 

Mechanoreceptors identi�ed in equine feet convey 
sensations of touch, pressure, and vibration. �ese 
mechanoreceptors are important to a horse�s everyday 
activities that involve standing and moving. Touch receptors 
in the feet work in combination with proprioceptors 
in muscles, tendons, ligaments and joint capsules. �e 
combined input into the central nervous system is part 
of the unconscious re�ex system. It enables all �exor and 
extensor muscles around each of the joints in the forelimb to 
contract, permitting normal stance during relaxed posture, 
as well as the correct sequence of muscular contractions 
and joint and limb movements during walking and trotting 
etc. Which speci�c mechanoreceptors are activated depend 
on which foot structures are loaded at any given time. �is 
will, of course, vary with changes in hoof balance, shoeing, 
and ground surface. 

Although touch, light pressure and vibration are often 
classi�ed as di�erent sensations, they are all detected by 

Figure 10D schematically shows the 
locations of Merkel cells within the 
basal layers of the epidermal tissues 
of the foot or along the boundary 
between the epidermal and dermal 
regions. �e Merkel cells are nestled 
among the keratinocytes and other 
cellular elements of the epidermis. 
�ese cells are slowly adapting, 
meaning that when activated they 
remain �ring and responding to the 
stimulus as long as the stimulus is 
being applied. An example is when 
the solar surface of the foot is touched 
or comes into comes into contact 
with a ground surface, especially 
a conformable surface. Meissner�s 
corpuscle may also be present within 
the epidermis of the horse�s foot 
particularly the frog region as we 
have seen a few structures resembling 
these sensitive touch receptors. 
Future works will have to resolve this 
very interesting question. 

In �gure 10E, an immunochemically 
stained slide shows Merkel-like cells in 
the basal layer of the epidermis of the 
SEL from the hoof wall. �ese stained 
cells identify the locations of these types 
of tactile/light pressure cells of the equine 
foot.  Robert Bowker �les.
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Figure 10F: Schematic drawing of free nerve 
endings present within the dermal (RED) 
and epidermal (BLUE) layers of the hairy 
skin of coronet (�gure 10H), and hairless 
skin lip (�gure 10G). �ese sensory nerves 
are present in all regions of the skin including 
the frog and hoof wall.  �ey are responsible 
for sensory perception (pain, thermal 

-warmth and cold receptors- and likely tactile 
stimuli) and for mediating tissue e�ects of 
changing perfusion through the tissues and 
in�ammatory response if needed. In these 
frozen histological sections, the sensory 
nerves are also distributed throughout the 
dermal tissues and through the basal layers 
of the epidermis. In �g 10H, the SP �bers 
surround the hair follicle (blocked area 

-arrow) and are shown in an enlarged �gure 
in �gure 10I. Within the corium sensory 
�bers of these unmyelinated nerves are also 
present throughout the dermal tissues (thick 
arrows in �gure 10G).  Robert Bowker �les.

H

I

GF



19

In �gures J �M photomicrographs of these thinly 
myelinated peptidergic sensory �bers are present 
throughout the tissues of the foot, including the 
proximal suspensory ligament of the navicular bone 
(�g J), the synovial lining of the co�n joint (�g K), the 
dermal laminae (�g L) and the tubules of the dermal 
sole (with permission of Bowker et al, AVMA, 1993, vol. 
54, 1840-1843). �is wide distribution of these sensory 
peptides in both the epidermal and dermal tissues but 
also the connective tissues indicates the importance in 
the physiological functioning of these sensory nerves in 
the horse�s foot, not only for sensory perception but also 
for neurovascular regulation. Robert Bowker �les.
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With the latter structures, Golgi tendon organs and muscle 
spindles have been well documented to be present within 
the tendons (as well as ligaments) near their insertions onto 
bones and within muscles of most mammals, respectively. 
Although not discussed in the present chapter, these sensory 
receptors will, in all likelihood, be active during the impact 
and breakover of the horse�s foot as it moves through the 
di�erent phases of the step cycle. 

Associated with the neurovascular bundle between the 
fetlock and distally deep within the foot are the Ru�ni-
like endings/receptors that respond to stretches and 
changes in pressure within the loose connective tissues of 
the distal limb. �e sensory information is then conveyed 
rapidly to the spinal cord for re�ex activation of muscles, as 
well as to the cerebellum for coordination of these sensory 
inputs with the motor control activation of the di�erent 
limb muscles. Some information (touch/deep pressure 
sensations) is also conveyed to the higher brain centers 
for conscious perception. �us, during hoof and foot 
loading, many di�erent sensory receptors are activated in 
the super�cial and deeper regions of the palmar and other 
regions of the foot, enabling the horse�s nervous system to 
gain a wealth of information about each phase of the limb 
stride for movement and then react accordingly. 

Admittedly, the three subdivisions of the step cycle and 
the hypothetical changes within the horse�s foot are only 
approximate in terms of the sequencing. During the initial 
heel contact with the ground surfaces, touch receptors 
associated with the skin over the heels bulbs become 
stimulated,  closely followed by the impact vibrational 
energies being detected by the Pacinian corpuscles located 
in the slightly deeper areas of this foot region. As the 
foot begins to be loaded and expands near the region of 
the coronet, deep pressure receptors and other Pacinian 
corpuscles located more deeply within the foot become 
activated. Presumably the internal foot stresses and 
pressures within the foot increase between the co�n bone, 
the palmar foot and the solar foot as the limb moves toward 
the stance phase and becomes more upright. 

Simultaneously, a negative pressure occurs within the more 
central palmar foot,15 which will provide a di�erent internal 
stimulation of these and other receptors within the deeper 
foot tissues. �ese more deeply-located sensory receptors 
include the Pacinian corpuscles associated with the lateral 
cartilage, as the cartilage rotates outwards (abaxially-�away 
from the midline�) along with activation of the pressure 
and tension receptors present in the solar corium, and the 
tension and pressure receptors present with the ligaments of 
the foot and the tendons of the distal limb. 

Figure 11: Photograph of the horse�s foot showing the di�erent foot areas where we have identi�ed certain types of mechanoreceptors 
and what potential sequence they may be activated. Initially during heel contact, the sensory receptors of the palmar foot will be 
activated including the tactile and Pacinian corpuscles (Blue outline). As the distal limb begins to move towards the mid-stance 
phase, sensory receptors within the sole corium (tactile and pressure receptors) and in the tubules will become stimulated as the 
increased loading of the horse�s weight is gradually achieved. Other Pacinian corpuscles, deep pressure and receptors associated 
with the ligaments and tendons will become more active than during the initial ground contact with the heel bulbs (Red outlined 
areas along the solar corium). Finally during breakover, as the foot leaves the ground, the pressure changes at the toe region (green 
area) will in all likelihood a�ect the sensory receptors within the corium of the toe as well as within the tubular dermis, as the foot 
transitions from a fully loaded structure to a non-weight bearing structure within a brief period of time depending upon the gait 
(Yellow outline indicates the DDFT and the extensor tendon inserting on the respective parts of the co�n bone). Robert Bowker �les. 
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In addition to these above mentioned neuroactive processes, 
the ligaments surrounding each of the joint and synovial 
cavities between the fetlock and the co�n joint become 
a sensory resource for the distal limb during these same 
movements. Finally as the foot moves from the mid-stance 
phase and towards the termination of the step cycle, many 
of these sensory receptors will again be activated during 
breakover as the foot leaves the ground and becomes a 
non-weight-bearing structure. While this information will 
also contribute to the neurosensory and neuromuscular 
coordination complex of movement, we believe that this 
information and the sequence of inputs will be di�erent 
than the events occurring during the initial phases of the 
step cycle. �is hypothetical example merely illustrates that 
whenever an animal makes a step, the complexity of the 
sensory and motor responses is extraordinary and is well 
beyond most of our abilities to comprehend.  

 Free Nerve Endings � Merkels Discs:

Within the skin overlying the heel bulbs, many free nerve 
endings (Figure 12A and 12B) are present and can be seen 
to enter basal layers of the epidermis and extend towards 
the surface. �ese and other sensory nerves are distributed 
throughout the skin proximal to the hoof wall, including 
the coronet. �ey enable the detection of tactile/light 
pressure sensations applied to the skin above the coronet, 
and the super�cial touches caused by insects, grasses, small 
sticks and other objects on the skin of the coronet, and hoof 
loading, as well as the thermal and pain sensations. 

Some of these nerve endings surround the hair follicle or 
penetrate through the basal layers of the epidermis. When 
the hair shaft is bent, a deformation of the underlying hair 
follicle occurs which will stretch, bend or even �atten the 
sensory nerves innervating the hair follicle, resulting in an 
increase or decrease in nerve activity.  �e hair shaft can 
act to enhance the sensitivity of the sensory response of the 
nerves around the hair follicle.17,42  Merkel-like cells are also 
present within the more basal layers of the skin and hoof 
wall. �ese cells were identi�ed using immunochemistry 
to mark cellular particles peculiar to the Merkel cell. �is 
cell is a slowly adapting receptor which responds to the 
detection of light touch and pressure sensations. �e solar 
surface of the foot and the frog also appear to be sensitive 
to touch and light pressure sensations, as tactile stimulation 
will alter tissue perfusion (see below). �is observation is 
very interesting as it suggests that the horse�s foot, even 
though it is enclosed within a more hardened keratinized 
hoof, still appears to be able to sense and detect di�erent 
sized particles and ground textures wherever the horse is 
standing. In other words the horse appears to be able to 
appreciate its own environment in precise detail.

In Figure 12A (above) the many very �ne nerve �bers 
full of neurotransmitter SP can be seen through 
many of the layers of the skin. In Figure 12B (below), 
from the coronet, the hair follicle (F) entwined 
by these nerve �bers (arrow), suggesting that any 
bending of the hair shaft will produce a nerve 
activity. Interestingly placement of small �anklet� 
around the pastern of a horse will also stimulate the 
hair shafts resulting in a slight exaggeration of the 
limb movement. Robert Bowker �les.



22

�ese Pacinian corpuscles can respond to rapid changes 
in velocity and acceleration/deceleration of the distal limb 
joints in preparation for loading, as well as after the foot 
impact and loading of the foot. Pacinian corpuscles, by 
being rapidly-adapting receptors, respond to repeated on 
and o� stimuli, such as those being applied during each foot 
fall. �is abrupt on and o� activity ceases to respond when 
stimuli are applied continuously, such as during continuous 
deformation of the receptor during stance. Abrupt pressure 
changes within the foot and in Pacinian corpuscles during 
foot impact, compress the �uid �lled layers of the receptors 
to initiate an action potential, and this information passes 
to the spinal cord to be subsequently incorporated into 
limb re�exes during movements. �is sensory information 
is critical to the horse, as it provides the a�erent or sensory 
information from the feet and limbs to the centrally 
programmed generator (CPG) of locomotion within the 
spinal cord. �e CPG produces the automatic or rhythmic 
oscillations of movement-related cells in the spinal cord, 
enabling �exor and extensor muscles of the limbs and back 
to function in unison and reciprocally in a re�ex manner. 
�e CPG of the horse does these complicated switching 
processes from the �exor to the extensor muscles with little 
e�ort and without conscious thought as the horse moves 
at di�erent speeds across varying ground surfaces with an 
accomplished rider on their backs. During these shifts in 
speeds and lead changes, and the like, the CPG permits 
the coordination between all four limbs and the rest of 
the body, including the head, neck and back. In other 
words, the CPG enable us�both humans and horses�
to run without thinking, and this activity of the CPG in 
coordinating sensory information from the periphery with 
the muscular activity is critical to our �normal� gaits. 

During foot loading, the Pacinian corpuscles become 
activated providing critical information for movement 
(Figure 13A & B). �e Pacinian corpuscles in the caudal 
foot are fairly large receptors (up to 1 millimeter in 
diameter) structured like an onion with many �uid-�lled 
layers. �is layered receptor responds to abrupt mechanical 
changes in the environment during movement. �ese 
mechanoreceptors are present in several locations of the 
caudal foot: (1) the super�cial dermal tissues of the heel 
bulbs,7,9,12 (2) the frog dermis surrounding the frog stay 
above the central sulcus,9 (3) a few are scattered in the 
myxoid tissue between the lateral cartilage and the digital 
cushion and (4) a small cluster of elongated ones associated 
with the insertion of the DDFT onto the second phalanx.12  
�ese sensory receptors are situated in or near potentially 
critical regions when the foot initially makes contact with 
the ground surface, and they appear to be activated during 
all phases of the step cycle.  

During locomotion these receptors respond to rapid tissue 
movement. �ey will be preferentially activated during 
caudal frog impacts, heel �rst landings, and when the 
lateral cartilages are forced outward (abaxially displaced), 
as well as when these structures are unloaded abruptly.9, 20 
�is positioning of the digital bones and the tightening of the 
DDFT and the secondary tendon during initial heel impact 
indicate that sensory information from the DDFT is obtained 
during  virtually all phases of the step cycle: (1) during over-
extension (dorsi�exion) of the hoof prior to heel contact when 
the major DDFT is extended, and (2) during co�n joint 
�exion when the major DDFT �relaxes� while the secondary 
tendon becomes taut, and during lift-o� when the �elasticity� 
within the inferior check ligament aids in the pull of the 
DDFT and the distal bones of the limb. 

Prior to making contact with the ground surface, the foot 
normally will have a brief dorsi�exion of the pastern and 
co�n joints just before impact, which will provide a brief 
tension of the main tendon of the DDFT inserting upon 
the �exor cortex of the co�n bone. �is abrupt extension 
of the distal limb joints, along with the outward expansion 
of the proximal foot and coronet during initial loading will 
activate the Pacinian corpuscles located at these regions of 
the foot. �e elongated Pacinian corpuscles associated with 
the secondary tendon of the DDFT situated more proximally 
in the foot, must also be important at this initial stage of 
the gait cycle. After initial ground contact and �exion of 
the co�n joint, the distal end of the middle phalanx �exes 
towards the ground to actually pull the secondary tendon 
taut, even though the large DDFT appears to be relaxing. 

 Pacinian Corpuscles:

�e CPG produces the automatic or rhythmic 
oscillations of movement-related cells in the 
spinal cord, enabling �exor and extensor 
muscles of the limbs and back to function in 
unison and reciprocally in a re�ex manner. 
�e CPG of the horse does these complicated 
switching processes from the �exor to the 
extensor muscles with little e�ort and without 
conscious thought.
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�e complexity of the neural mechanisms underlying 
the CPG�s generation of these simple limb coordination 
processes and how the CPG�s activity changes almost 
unconsciously are mind boggling and di�cult for us to 
appreciate. However, we can begin to appreciate what 
the CPG accomplishes during movements if you can 
imagine yourself jogging along a wooded trail during your 
afternoon workout. During this jog your arms and legs 
would be moving in an identical locomotor pattern as they 
will be coordinated with your back and neck movements 
as you move over the irregular surface of the forest path. 
Now imagine if you placed a small 30 pound sack on your 
back to simulate a rider as you jogged along this same path. 
You can begin to appreciate the neurological changes 
occurring in your leg and back musculature as these same 
muscles are still performing as you jog along the path but 
now with greater muscular e�ort as your legs and back 
must support an additional 30 pounds. �e added sensory 
feed-back from your feet and muscles is due to the greater 
weight being placed upon the joints and limbs and this 
feeds into the CPG to produce a coordinated muscular 
e�ort. �e CPG does all of the internal spinal cord 
changes with little e�ort. 

Figure B: A photomicrograph of a section cut perpendicular to the length of 
the frog showing the epidermis (light blue color in upper right corner) and 
the dermal and subdermal tissues. �e large arrow points out the glands that 
secrete material onto the epidermal central sulcus of the frog where bacteria 
aid in creating a �scent� for the horse�s communications (similar to the glands 
opening onto super�cial skin of our axilla and groin). �e long arrow points 
to a Pacinian corpuscle near the frog surface that can be activated during 
stance as well as detect vibrations passing though the ground�from other 
horses running or even earthquakes. Bar: 400 microns 

Figure A:  Moderately high power view showing Pacinian 
corpuscles in the heel bulbs of the caudal foot. �ese large spheres 
with a centrally-lying nerve axon can be seen. Among the round 
receptors are small nerve �bers that appear to be either associated 
with the corpuscles or are passing though the region.

Figure C: A higher power view of the 
corpuscle with the central axon being 
outlined and the boundaries of the corpuscle 
(larger arrows) while a smaller arrow points 
to another axon passing near the corpuscle.  
Robert Bowker �les.

Pacinian corpuscles, along with thinly 
myelinated peptidergic nerves. 

Robert Bowker Files. 






























