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Special Senses: Touch

1

Sensory Systems
Animals obtain information about themselves and their 
environment through multiple sensory systems 
• Exteroceptive – sense external environment
• Touch, vision, hearing, smell & taste

• Interoceptive – sense internal body state
• Visceral sensations, autonomic state

• Vestibular system – balance, orientation
• Proprioceptive – sense body awareness
• Dermal, myofascial, articular position and movement

• Nociceptive – sense potential tissue damage
• Mechanical, thermal, electrical, chemical
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Special Senses

Most animals and humans share five common sensory modalities
• Touch, vision, hearing, smell & taste

However, their ranges and capacities differ
• Unlikely to perceive their surroundings like humans

Rørvang MV. Frontiers Vet Sci 2020; 7: 633.

4

Extrasensory Systems

Electroreception - detect electrical fields
• Sharks, rays, platypus 

Magnetoreception - detect earth's magnetic field
• Migratory birds, sea turtles, salmon 

Echolocation - uses reflected sound waves
• Bats, dolphins 

Infrared vision - detect heat radiation
• Snakes, mosquitoes, frogs

Ultraviolet vision – detect ultraviolet wavelengths
• Bees, butterflies, birds, fish

Rørvang MV. Frontiers Vet Sci 2020; 7: 633.
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Touch

6

Touch

“We use our sense of touch 
• to recognize and manipulate objects,
• to communicate and socially interact with one another, 
• to appreciate the textures of the foods we eat, 
• for procreation and sexual pleasure, 
• and in maternal nursing.”

Surprisingly, few studies despite tactile stimulation being 
the major interface of horse-human interactions

Zimmerman A. Science 2014; 346: 950-954.
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Physiologic Effects of Touch

Role of touch
• Transferring information
• Developing and maintaining relationships
• Alleviating an uncomfortable state

Early deprivation of physical contact (rhesus monkey, rats) 
• Leads to impaired social and cognitive development 
• Detrimental to survival as well as reproduction

Gueguen L. Naturwissenschaften, 2022; 109: 41. 

8

Tactile Sensitivity (Touch)

Touch receptors - skin, hair follicles, tongue, throat, and mucosa
• Ability to detect physical objects or sensations
• Activation of nociceptive and mechanoreceptors
• Generates electrical nerve impulses 
• Perception of noxious, thermal, pressure, vibration stimuli

Mechanical deformation of tissues
• Pressure, vibration, stretch
⇒ Interpretation - size, shape, texture, tone

Thermal changes - heat, cold
⇒ Environmental monitoring, thermoregulation

9
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Multisensory Integration

Sensory systems do not function independently
• Continuous integration of visual, vestibular, proprioceptive, 

tactile, nociceptive, and interoceptive information within the 
central nervous system

Induce behavioral and motor responses
• Posture, withdrawal reflexes, autonomic stimulation
• Fight, flight, freeze

Provide effective survival and reproductive functions
• Socal interactions, locomotion, performance

10

Somesthesia

Somesthesia 
• Body’s perception of temperature, pain, itch, and tactile stimulation

Three primary sensory modalities
• Exteroceptive (cutaneous) senses
• Touch, pressure, vibration, temperature, and pain

• Proprioception
• Awareness of body position, posture, and movement
• Relies on receptors in muscles and joints.

• Interoceptive sense
• Sensations from internal organs

Rochais C. Vet Sci 2023; 10: 130.
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Terminology & Definitions
Tactile stimulation
• Mechanical, thermal, electrical, or chemical stimulation of the skin

Tactile sensitivity
• Threshold differences in perception of tactile stimuli

Tactile perception
• Perceiving a stimulus either reflexively or through learned 

experiences
Tactile reactivity
• Differences in responsiveness to stimuli with a particular behavior

13

Individual Variations

Large differences in sensory abilities and sensitivity
Detection – ability to detect stimuli
• Receptor type and sensitivity

Perception – processing of sensory information
• Cognitive processes – threat detection, social factors, fear, pain
• Learned behaviors – habituation, sensitization
• Situation - novel vs. familiar

Response – physical, biochemical, behavioral changes 
• Motor effects – posture, movement patterns
• Biochemical reactions – neurotransmitters, autonomic stimulation
• Behavior – affiliative, avoidance, fight, flight, freeze

14
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Skin Receptors

Horses undergo continuous stimulation of the skin receptors 
• Weather changes, wind, insects 
• Different mechanical factors, including human touch

Tactile system is first sensory system to develop in mammals
• Functional 20-24 weeks after conception in humans

Gueguen L. Naturwissenschaften, 2022; 109: 41. 

15

Tactile Sensitivity in Horses

Horses are particularly sensitive to skin stimulation
• 73% responded to 8 mg von Frey filament at base of withers 
≈ Mass of 80–160 grains of salt
≈ Tiny water droplet dispensed by a micropipette in a laboratory

None of the adult human subjects were able to perceived it
• Tested at the pad of their index finger

Gueguen L. Naturwissenschaften, 2022; 109: 41. 
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Spectrum of Tactile Stimulation
Non-contact – perceives local presence
Placing of hand only (with no induced movement)

• Craniosacral therapy
Light touch (skin deformation ± induced movement)

• Tellington Ttouch, grooming, effleurage
Moderate pressure (deform skin and superficial fascia ± induced movement)

• Petrissage, skin rolling, fascial mobilization
Deep pressure (deform muscle & deep fascia, hoof testers) 

• Nociceptive stimulation ⇒ Trigger point therapy, ischemic compression
Patting ⇒ progressing to slapping
Pinching – skin twitch
Sharp (brief, intense) – tip of pen or forceps, needle puncture

17

Intra-species Touch

Large disparities among both wild and domestic species
• Large amount of tactile contact during social interactions 
•Dogs, cows, elephants

• Limit touch to specific activities
• Parent-juvenile interactions 
• Humans, primates

•Occasional allogrooming sequences 
• Horses, zebras, sheep and goats

Gueguen L. Naturwissenschaften, 2022; 109: 41. 
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Tactile Interactions

Horses do not express a large amount of tactile contact during 
social interactions 
• Mutual grooming accounts for only 2–3% of a horse's time budget
• Between select conspecifics within the herd
• Contacts are limited to specific body parts
• At self-selected times and durations

Rochais C. Vet Sci 2023; 10: 130.

19

Human-Animal Interactions

Involves many types of tactile stimulations
• Light touch, stoking, patting, brushing, striking, restraint

Intention vs. perception
• Often non-consensual human interactions 

May lead to contradictory reactions and long-term memories 
• Varies according to the species
• Type of tactile stimuli
• Amount of restraint
• Body area touched - highest reactivity in stifle region

Rochais C. Vet Sci 2023; 10: 130.
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Human-Animal Interactions

Human contact during grooming appears to induce more negative than 
positive emotions 
• Only 5% horses showed approach or relaxation behavior 
• 21% expressed avoidance and threatening behaviors

Gentle grooming elicited more positive behaviors
• Compared to routine brushing ⇒ More avoidance behaviors 

Differences in horse’s versus human perceptions 
• Brushing caused less human interaction compared to offering food

Gueguen L. Naturwissenschaften, 2022; 109: 41. 
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Skin
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Skin
Covers the entire external surface of the body
Principle site of interaction with our surrounding environment
• Touch - textures, shapes
• Temperature, vibration, pressure, nociception

• Manual therapy
• Myofascial work, soft tissue mobilization

• Riding aids
• Rein contact, seat and leg pressure

• Restraint – leash, collar, nose bands, twitch
• Training – crops, whips

Bodyworks

23

Skin - Function

Sensory reception
• Touch, pressure, heat, cold, pain

Immunologic surveillance
• Antigens, inflammation, infection

Metabolic functions
• Vitamin D synthesis 

Absorption
• Various substances and drugs

Elasticity
• Mobility and flexibility

24
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Tactile Perception

Sensitivity of horse’s skin differs across parts of their body 
• Variable distribution of sensory receptors

Horses’ preferences vary for being touched in certain ways and 
in specific body locations
Can influence how horses respond to human touch interactions 
• Touching in some regions of the body causes soothing and 

contentment
• Touching other areas irritates and consequently elicits discomfort

Janczarek I. Ani Sci J 2018; 89: 1599-1608.
Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.

26

Innervation Patterns

Dermatomes
• Area supplied by a single spinal nerve or single segment of the spinal 

cord

Myotomes
Sclerotomes

27
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Dermatomes
• Adjacent dermatomes may 

overlap considerably

Blythe LL, Engel HN. Equine VCNA 1999; 15: 71-85.

Orsini and Sack

28

Sensory Fields & Acuity

Acuity
• Clearness, sharpness of a sensory function 

A stimulus can have a small or large area of detection 
• Small localized area on our fingers 
⇒ More precise localization

• Larger area that would be perceived if activated by the same 
stimulus if it were on our backs
⇒ Less precise localization

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.
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Skin Types

Mammalian skin comprises both hairy and nonhairy skin 
Glabrous (non-hairy) skin is predominantly found on the hands 
and feet of most mammals
• Specialized for discriminative touch, determining texture and shape 
• Accurately recognize objects and provide neurologic feedback
• Mediate proper grip control, reaching, and locomotion

Hairy skin covers more than 90% of the body surface
• Provides discriminative touch 
• But with lower spatial acuity

Zimmerman A. Science 2014; 346: 950-954.

30

Variations in Skin Sensitivity

Differences in skin thickness
• Thin epidermis – eyes, nostrils, face
• Thicker epidermis – dorsal trunk

Variable distribution of sensory nerve receptors 
• Higher - muzzle, neck, coronets, flank, and caudal pastern

Presence of hair and vibrissae (whiskers)
• Increased innervation of hair follicles

Rørvang MV. Frontiers Vet Sci 2020; 7: 633.
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Skin Thickness

Olsen HMB. Vet Res Comm 2026; 50: 170.

32

Skin - Structure
Consists of 2 mutually dependent layers

Epidermis
•No blood vessels
•Melanocytes
•Merkel cells - Pressure sensing
• Langerhans cells - Antigen processing

Dermis 
•Collagen, elastic fibers and fibroblasts
• Blood vessels
• Sensory structures

Fatty subcutaneous layer

34
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Skin Innervation

The skin is our largest sensory organ
• Transmits pain, temperature, itch, and touch information to the 

central nervous system

Tong L. Animals 2020; 10: 2094.

Horse Human

35

Skin Innervation

Wide variety of sensory receptors within the skin
• Nociceptors - perceive painful stimuli
• Pruriceptors - transmit itch information
• Thermoreceptors - temperature information
• Low-threshold mechanoreceptors - non-painful 

mechanical stimuli (touch)

Zimmerman A. Science 2014; 346: 950-954.
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Nerve Endings in the Skin

37

Low-threshold Mechanoreceptors

Subtypes based on distinct sensitivities, conduction 
velocities, and adaptation to sustained mechanical 
stimulation

Slowly-adapting touch receptors 
• Indentation detectors, firing continuously during a 

sustained stimulus
Rapidly-adapting touch receptors 
• Velocity detectors that respond only to the onset and 

offset of indentation
Zimmerman A. Science 2014; 346: 950-954.
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Oral Innervation

Skin of the lips, tongue, and inner cheeks 
• Specialized to aid in food localization and movement 
• Used to define textural components of taste

Zimmerman A. Science 2014; 346: 950-954.

39

Somatic Sensory Receptors

Guyton

Nociception

Pressure

Nociception

External
Movements

Pressure

Length

Tension
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Nerve Endings in the Skin & Hoof
Free nerve endings – pain, touch, pressure and temperature

• Non-encapsulated nerve endings in the epidermis

Meissner corpuscles – fine touch, pressure
• Dermal papilla

Merkel cells – fine touch, light pressure 
• Lower epidermal layer of skin, hoof structures

Pacinian corpuscles – deep pressure, vibration
• Dermis of thick skin, heel bulbs, tendon insertions

Ruffini endings – stretching skin, hoof deformation
• Sole dermis, neurovascular bundles of pastern

Hair follicles – touch, subtle hair movements
• Dermis

42

Receptor Adaptation

Sensory receptors
• Adapt to stimuli over time

Mechanoreceptors
• Pacinian corpuscles (pressure) – milliseconds
• Hair receptor (motion) – 1 second
• Muscle spindle (length) – 10-20 seconds
• Joint capsule receptor (stretch) – 20-30 seconds
• Baroreceptors (pressure) – 2 days

Nonadapting receptors – Actually become excited
• Chemoreceptors
• Pain receptors

Ø Hyperalgesia, allodynia Guyton AC. Basic Neuroscience. 1991.
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Touch

“Like individual instruments in an orchestra, 
• each low-threshold mechanoreceptor subtype conveys a 

specific feature of the forces acting on the skin, 
• collectively culminating in a musical symphony of 

neural impulses
• that the brain translates as touch.”

Zimmerman A. Science 2014; 346: 950-954.

44

Hoof Innervation

45
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Mechanoreceptors – Equine Foot

The horse uses mainly mechanical stimuli to navigate 
within its environment
• Mechanical information permits the horse to smoothly 

negotiate the varied ground surfaces 
Tissues must be capable of protecting the distal limb
• Uneven ground, sharp objects, soft footing, horseshoe nail

Must also provide a means for the animal to obtain 
information about its surrounding environment
• Touch, pressure, vibration, temperature

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

46

Hoof Innervation

Receptors may have specific roles in detecting and informing 
the horse about its environment 
• During movement and stance postures

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.Zimmerman A. Science 2014; 346: 950-954.
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Mechanoreceptors – Equine Foot

Low-threshold mechanoreceptors (LTMR)
• React to light cutaneous contact or touch
• Epidermis and dermis of the coronet, dermis of the frog

High-threshold mechanoreceptors
• Sense deep pressure
• Deformation of deeper tissues of the dermis (stance, locomotion)

Vibratory mechanoreceptors
• Perceive vibration sensations
• Activated by the rapidly applied physical stimuli of ground impact 

or shifting posture
Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

48

Hoof Innervation

• Receptors are not equally distributed throughout the foot

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

49
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Free Nerve Endings

Located between epidermal cells 
Activated with tissue damage
• Sharp pain (A-delta fibers)
• Dull pain (C fibers)

Sensitive to touch and light pressure 
sensations applied to the skin
Also heat and cold sensations

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

50

Hairy Skin
In hairy skin, the hair follicle represents the main mechanoreceptor
• Unmyelinated low-threshold mechanoreceptors with free nerve endings

• Neck of hair follicles and adjacent epidermis
Mechanoreceptors
• Aβ - responsible for sensing touch, pressure, and vibration

Nociceptors - high-intensity mechanical, thermal, or chemical stimuli
• Aδ  - fast, sharp, stabbing, or pricking pain, cold sensations
• C-fibers - slow, dull, aching pain and temperature sensations

Whiskers 
• Specialized for navigation and spatial orientation

51
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Hair Follicles
Complex neurophysiologic mechanosensory organs
• Innervated by collars of low-threshold mechanoreceptors located just 

below the level of the sebaceous gland
Aβ RA-LTMRs, Aδ LTMRs, and C LTMRs
• All sensitive to hair deflection and light touch of the skin

Zimmerman A. Science 2014; 346: 950-954. Bowker RM. Care and Rehabilitation of the Equine Foot 
2012..

52

Merkel Cells

Basal layer of the epidermis 
• Guard hairs of hairy skin
• Mammalian glabrous skin
• Mucosa of the mouth and lips

Located in skin regions where spatial acuity is important
• Convey information about texture, curvature, and object shape with 

high spatial acuity
Anchored within epidermis by connections to keratinocytes
• Link movement and skin compression to mechanical stress

Zimmerman A. Science 2014; 346: 950-954. Nolanon M. Brain Sci 2020; 10: 989.
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Meissner Corpuscles

Composed of flattened lamellar cells
• Connected to collagen fibers and fibroblasts

Tuned to low-frequency vibrations (< 40 Hz) and skin motion
• Detect the slip of an object in the hand 
• May be essential for reflex grip control

Zimmerman A. Science 2014; 346: 950-954. Nolanon M. Brain Sci 2020; 10: 989.

54

Pacinian Corpuscles

Found deep in the dermis of glabrous skin 
• Attached to small-diameter collagen fibers coursing longitudinally 

in the clefts between the lamellae
Tuned to high-frequency vibration and motion across the skin
• Responds to abrupt rapid on-off mechanical changes
• Preferentially activated during hoof loading and unloading
• Heel first landings, lateral cartilage expansion

Also located within hairy skin 
• Non-cutaneous tissues including the mesentery and periosteum

Zimmerman A. Science 2014; 346: 950-954.
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Pacinian Corpuscles

Contribute to the sequencing and coordination of the gait cycle 
• Abnormal footfall of a toe-stabbing gait may disrupt the smooth execution 

of motor patterns generated within the spinal cord
Causes stumbling and inefficient motion of the affected distal limb 
• May predispose the horse to further nervous system aberration 
• Potential risk of injury due to abnormal placement of the limb or foot

Similarly, in horses that have unbalanced front feet
• May alter sequence of the activation of mechanoreceptors and limb muscles 
• Could contribute to additional gait abnormalities

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

56

Ruffini Corpuscles

Present within dermal tissues
Fibrous connective tissue - tendons and ligaments 
• Respond to continuously applied stimuli
• Providing sustained information about pressure 

• Activated by stretch during weight shifting between limbs
• Slower response to changes than Pacinian corpuscles 

Also present within the loose connective tissues surrounding 
the neurovascular bundle of pastern region
• May be activated during limb movements and stretching of tissues 

within the distal limb
Bowker RM. Care and Rehabilitation of the Equine Foot 2012.
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Vasomotor Nerves

Arteriovenous anastomoses are complex structures 
• Predominately observed in glabrous skin

Vessel segments connect small arteries with small veins
• Surrounded by a thick muscular wall that has the role to direct the 

cutaneous blood flow 
• Allowing or by-passing the capillary circulation

• Main role in thermoregulation
Physiological changes in tissue perfusion
• Vasodilation, vasoconstriction

Nolanon M. Brain Sci 2020; 10: 989. Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

Cement Pea gravel

58

Musculoskeletal 
Effects
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Neuromuscular Effects

Touch receptors in the feet work in combination with proprioceptors 
in muscles, tendons, ligaments and joint capsules 
The combined input into the central nervous system forms the 
unconscious proprioceptive system 
Affects all flexor and extensor muscles around individual joints
• Permits normal stance during relaxed posture
• Coordinates correct sequence of muscular contractions
• Produces efficient joint and limb movements during locomotion

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

60

Central Program Generator

Cutaneous and subcutaneous mechanoreceptors of the distal limb
• Provide critical information that becomes incorporated into the central 

program generator in the spinal cord for reflexive movements
Many reflex responses are coordinated between the muscles and 
connective tissues of the limbs during movement
Sensory information and reflex mechanisms become altered
• Gait abnormalities due to changes in movement
• Chronic lameness due to pain

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.
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Central Program Generator

Central pattern generators
• Produce rhythmic motor commands (even in absence of feedback)

Reflex circuits - driven by sensory feedback

Ryu HX. Nature Scientific Reports 2021; 11: 13140.

62

Stance Phase of Locomotion
Stance phase components
• Initial ground contact
• Mid-stance
• Lift off

Sensory information informs the horse’s reflex and locomotor 
neural pathways 
• How the fore and hind limbs should be coordinated
• How long or short the next stride should be 
• How much the individual limb muscles should contract 
• Produce limb movements or to maintain a stance posture

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.
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Stance Phase of Locomotion

Initial heel contact 
• Touch receptors in the skin over the heel bulbs become stimulated
• Closely followed by the impact vibrational energies 

• Detected by Meissner corpuscles located in slightly deeper areas of the foot 
As foot begins to be loaded and expands
• Increased pressure activates Pacinian corpuscles
• Merkel cells provide high spatial acuity for hoof-ground interactions

During toe off
• Ruffini corpuscles providing sustained information about pressure 
• Activated by stretch of neurovascular and flexor tendons attachments

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

64

Altered Gait
Abnormal afferent input results in abnormal output
• If the sensory messages into the spinal cord and brain are impaired
• Motor activation of the limb muscles also becomes impaired

Self-perpetuating cycle of pain or abnormal locomotion
• Posture and gait asymmetries due to altered neuromuscular control
•May appear clumsy or does not seem to know where its feet are
•Horse may not necessarily be ataxic due to neurologic disease or 
lame due to obvious foot pain

Altered movement patterns may lead to improper limb loading
• Increased risk of injury to other ligaments, muscles, and joints

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.
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Hoof Conformation & Shoeing Effects

Long-toes and underrun heels characterized by changes in hoof 
angles and landing patterns
• Altered sensory effects within the foot during ground contact
• Affects integration of sensory and motor signals in the spinal cord

Metal-shod horses will likely have greater impact energies
• Passing through the foot to mechanoreceptors within the distal limb
• Impact and subsequent vibration stimulates Pacinian corpuscles
• Ruffini corpuscles activated by soft tissue stretch and sustained pressure

• May affect the sensitivity of neural receptors in the foot
• Induces altered foot landing, limb loading, and movement patterns

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

66

Hoof Testers

Hoof testers are often used to detect pain
• Produce a deeper pressure sensation in the normal foot
• Like standing on irregular ground surface (rock)

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.
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Hoof Pads & Wedges

Specifically effect sensory mechanoreceptors in the feet 
• Placed to preferentially activate receptors within the hoof
• Intent is to alter weight bearing and gait characteristics

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.

68

Ground Surfaces

Walking on different ground surfaces activates receptors from 
within the solar surface and hoof walls 
• Transmit messages to the spinal cord and brain which coordinate 

balance and movement

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.
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Ground Surfaces

Standing on hard, smooth surfaces (cement)
• Solar surface area of ground contact on the horse’s foot is reduced
• Results in a greater biomechanical stress on the hoof capsule
• Does not activate all foot mechanoreceptors equally

Standing on soft, compliant surface (sand)
• Increases solar contact area
• Provides uniform pressure across entire solar structures
• Optimizes activation and timing of hoof and distal limb 

mechanoreceptors

Bowker RM. Care and Rehabilitation of the Equine Foot 2012.
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Objective 
Measures
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Response to Stimuli
Assumption
• Abnormal behavioral response ≈ Pain

Algesia
• Normal response to noxious stimuli

Hyperalgesia
• Exaggerated response to noxious 

stimuli
Allodynia
• Pain response to non-noxious stimuli

74

von Frey Filaments

Graded monofilaments that deform at specified 
pressures (0.004 to 447 g)
• Quantify changes in cutaneous sensitivity

Applications - Horses
• Measure incisional pain (@ 1, 3, 5 cm)
• No significant physiologic or behavioral changes

• Compare effects of hot iron branding vs. microchip 
transponder injection

Lindegaard C. Amer J Vet Res 2009; 70: 840-847.
Rédua MA. Vet Anaesth Analg 2002; 29: 200-206.
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Pressure Algometry
Mechanical nociceptive threshold
• The minimum applied pressure that induces a response

Force gauge, Model FPK 40 
Wagner Instruments

• 0 to 20 kg/cm2

• 1 cm2 rubber plunger
• Rate of application: 10 kg/sec

www.wagner instruments.com
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Bony Landmarks
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Dorsal Spinous Processes

78

Muscular Landmarks
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Taylor PM. Vet Anes Analgesia 2016; 43: 99-108.
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Learned 
Responses 
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Human-Horse Interactions

Learned responses to tactile stimuli
• Human themselves
•Approach, touch

• Bit, bridle 
• Reins 
• Legs, seat
• Spur
• Whip

https://heartline.com.au/resources/research-into-the-human-horse-bond/

84

Positive Tactile Stimulation

Grooming or mutual grooming 
• Two horses or between a human and a horse

Preferred sites 
• Wither or shoulder regions of the horse

Scratching the tail region of foals
• Lifts the tail, leans toward the handler

Gentle stroking is frequently used as a reward 
Massage therapy
• Reduced heart rate - implies a calming effect

Rørvang MV. Frontiers Vet Sci 2020; 7: 633.
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Unpleasant Tactile Stimulation

Presence of biting flies
Reaction to unpleasant tactile stimulation 
• Tail swishing, skin rippling, ear flicking
• Foot stomping, head shaking
• Biting directed at the particular location

Same type of behaviors 
• Typically used as indicators of possible conflict between 

the horse and rider

Rørvang MV. Frontiers Vet Sci 2020; 7: 633.
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Restraint

Twitching likely works because it is painful 
• Animal is flooded with sensory information overshadowing all 

other stimuli
• Nose twitch
• Skin twitch along the neck
• Ear twitching

Region is richly innervated by three types of nerve endings 
detecting pressure, touch and pain
• Endorphins are probably involved

Rørvang MV. Frontiers Vet Sci 2020; 7: 633.
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Paradoxical Pressures

• Expect the horse to readily habituate to the pressure of girth
• Remain sensitive to pressure from the rider’s legs at 

approximately the same location

Rørvang MV. Frontiers Vet Sci 2020; 7: 633.
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Behavioral Modification

Habituation
• Repeated exposure to tactile stimuli over time 
• Intent is to reduce the horse’s responsiveness to tactile stimuli

Prolonged tactile habituation can lead to learned helplessness 
• Animal no longer reacts to painful stimuli

Distraction
• Used clinically to relieve pain in humans
• Environmental distractors may alter the tactile response of horses
• Presence or absence of conspecifics

Gueguen L. Naturwissenschaften, 2022; 109: 41. 
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Human-Horse Bond

Attachment theory
• Secure base - from which to explore
• Safe haven – returns to when stressed
• Proximity - the horse stays nearby
• Separation distress - stress when separated

Rørvang MV. Frontiers Vet Sci 2020; 7: 633.
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Operant Conditioning - Horses
Learner’s experience

Pleasant (reward) Aversive (painful)

In
st

ru
ct

or
’s

 a
ct

io
n Added

Positive reinforcement
• Giving a treat when the horse stands 

quietly for mounting
• Scratching the withers when the horse 

lowers its head for haltering

Positive punishment
• Yelling or striking a horse for biting
• Jerking the lead rope when the horse 

crowds the handler
• Spurring a horse sharply after refusal at a 

jump

Subtracted

Negative punishment
• Turning away and ignoring a horse 

that is demanding attention
• Withholding a food reward when the 

horse bites the handler

Negative reinforcement
• Applying rein pressure and releasing 

when the horse stops
• Using halter pressure and releasing when 

the horse steps forward

R+
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Confounding 
Variables

92

Temperament

The way a horse responds to the touch depends to a large 
extent on its emotional state (valance)
• Home environment vs. unfamiliar stall at competition

Tactile reactivity in humans 
• Lower reactivity for introverts 
• Higher reactivity for extroverts

Gueguen L. Naturwissenschaften, 2022; 109: 41. 
Janczarek I. Ani Sci J 2018; 89: 1599-1608.
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Behavior

Emotional excitability and behavior 
• Lowest – at rest
• Medium – gentle stroking (body region dependent)
• Highest – novel objects or situations

More positive influence 
• In horses with lower emotional state

Breed differences
• Warmbloods, ponies

Janczarek I. Ani Sci J 2018; 89: 1599-1608.
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Environmental Factors

Reduced tactile sensitivity (more tolerance)
• Enriched environment 
• Apathetic horses

Increased tactile sensitivity (less tolerance)
• Impoverished living conditions
• Stereotypic behavior – cribbing
•Altered dopamine or endogenous opioid physiology due to 
chronic stress exposure

Gueguen L. Naturwissenschaften, 2022; 109: 41. 
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Tactile Reactivity - Aging
Aging in humans
• Generally increased thresholds for lower pain intensity
• Especially with heat stimuli

• Reduced endogenous inhibitory mechanisms
• Increased susceptibility to chronic pain conditions

Horses
• Suggested that tactile sensitivity declines with age
• Especially in horses < 20 years of age

• 2-year-old horses were more reactive than 3-year-olds
Gueguen L. Naturwissenschaften, 2022; 109: 41. 

Lautenbacher S. Neurosci Biobehavioral Reviews 2017; 75: 104–113.
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Tactile Reactivity - Breed Differences

Different breeds of horses differ in their tactile sensitivity 
Cold-blooded horses are generally deemed less sensitive 
• Selectively bred to endure forces on their bodies from carrying or 

hauling heavy loads
Arabians and Thoroughbreds
• Categorized as hot-blooded because of their tactile sensitivity
• A catalyst for successful racing

Tactile reactivity of 67 different breeds
• Only Anglo-Arabian horses had higher tactile reactivity than all 

other equids
Rørvang MV. Frontiers Vet Sci 2020; 7: 633.
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Heart Rate - Breed Differences

Higher heart rate in ponies than in warmbloods 
• Stroking both front limbs and hind limbs 

Warmblood horses
• Significantly higher heart rate was found during stroking 

the trunk and neck compared to other body regions 
Ponies
• Stroking body regions resulted in significantly higher heart 

rate than, except for the head

Jamczarek I. Ani Sci J 2018; 89: 1599-1608.
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Tactile Reactivity – Athletic Use

Different types of work 
• May involve different quantities of tactile contact on 

different body parts.
Sport horses were more reactive than sport ponies
• Both were more reactive than recreational ponies

Gueguen L. Naturwissenschaften, 2022; 109: 41. 
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Seasonal Differences – Gender

Gueguen L. Naturwissenschaften, 2022; 109: 41. 

January June

100

Body Regions
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Allogrooming

Social behavior seen between bonded horses
Typically limited to specific body areas
• Stand head-to-tail or head-to-shoulder and scratch each 

other’s back, neck or withers
Strengthens social bonds and companionship 
• Provides pleasure and has calming effects 
• Lowers heart rate, increase release of endorphins

Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.

102

Allogrooming

A voluntary behavior
• Occupies only 2–3% of a horse’s daily activities 

Horses have less social contact compared to other mammals
• Spatial proximity is the best indicator of social affinity

Most frequent during early development
• Mares lick their foal (recognition and bonding)
• Duration of licking after giving birth does not exceed 15 

minutes during the first 4 hours after foaling 
•Rate of licking decreases rapidly over time

Gueguen L. Naturwissenschaften, 2022; 109: 41. 
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Mimicked Allogrooming by Humans

Reduced heart rate in stressful settings
• Like a medical treatment room

No calming effect in less stressful conditions
• Standing in a stable

Does not seem to be sufficiently motivating 
• As a primary reinforcer in a learning task 

Does not affect individual variations in the perception of 
human touch

Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.
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Body Regions - Stroking

Head 
• Most positive reaction in heart function and behavioral scores

Neck
• Less positive relaxation response, particularly for HR variability
• Most humans reward a horse by patting its neck

Trunk 
• Less positive responses

Limbs
• Difficult to generalize whether the reaction is more or less positive 
• Responses vary significantly

Jamczarek I. Ani Sci J 2018; 89: 1599-1608.
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Body Region – Types of Contact

Reduced heart rate
• Scratching the withers 
• Stroking the head of ponies
• Grooming the withers, shoulder and hip areas

Increased heart rate
• Scratching the shoulder

Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.
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Tactile Stimulation – Horse Use

Tactile stimulation
• von Frey filaments, grooming 

Tactile reactivity (n=60)
• Conventional riding school 
• Mixed activities (abled-body riders)
• Equine-assisted interventions
•Highest tactile reactivity – number and amount of reactivity
• Less interest towards humans - avoidance interactions

Rochais C. Vet Sci 2023; 10: 130.
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Body Region – Horse Use or Discipline

Use of horse
• Riding school (RS) 
• Equine-assisted interventions (EAI)
• Combined activities (EAI-RS)

Sport ponies were more reactive 
than recreational ponies
• Independent of breed

Rochais C. Vet Sci 2023; 10: 130.
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Seasonal Differences – Body Location

Gueguen L. Naturwissenschaften, 2022; 109: 41. 

January June
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Massage
Therapy

110

Therapeutic Touch

Most therapeutic interventions occur in the range of light touch 
to deep pressure
• Mechanoreceptors are stimulated without excessive activation of 

nociceptors
Therapeutic challenge ⇒ Optimal level of stimulation 
• Promotes relaxation, proprioceptive awareness, tissue mobility, and 

neuromodulation 
• Avoiding protective guarding, fear responses, or sensitization of 

painful tissues
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Massage Therapy – Body Regions

Lowered heart rate and behavioral scores
• Withers and mid-neck – most positive reactions 

Reduced positive effects
• Croup, thigh, ear, and forearm

Jamczarek I. Ani Sci J 2018; 89: 1599-1608.

112

Soft Tissue Therapy
Controlled clinical trial
• Tresatment - four 20-minute sessions
• Control – no intervention

Outcome measures
• Mean and maximum heart rate
• Decreased HRMax 10 ± 3 bpm, HRAve 5 ± 1 bpm

• Surface temperature in three body quadrants
• Decreased in head, neck, and legs; Increased within the torso

• Eight stress-related behaviors
• Increase frequency and duration of head lowering, licking and chewing, 

and yawning Brit MA. J Equine Vet Sci 2015; 35: 636-644.

113



©
 2

02
6 

D
r. 

Ke
vi

n 
K.

 H
au

ss
le

r, 
Ve

te
rin

ar
y 

C
om

pe
nd

iu
m

Heat & Vibration

Heated vibration massage pad 
• Massage and heat are reported to impact mechanoreceptors and 

nociceptors

Tabor G. Internat J Equine Sci 2026; 5: 21-32.
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Heat & Vibration

Immediate effects - no significant changes 
• Mechanical nociceptive thresholds – epaxial muscles
• Ethogram – ears, eyes, mouth, head position
• Dorsoventral range of motion - poll, withers, or pelvis 

during walk or trot (inertial sensors)
4-week effects – significant changes
• Stride length during trot, limb protraction and retraction

Tabor G. Internat J Equine Sci 2026; 5: 21-32.
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Licking and Chewing

Categorized as a positive behavior 
• When associated with stress relief, relaxation

Associated with a negative affective state 
• When presented alongside agitated behaviors
• Ears back, stepping away, and tail swishing

Unwise to conclude that the behavior was definitively 
positive or negative 
• Highlights the need to analyze whole-horse behavior to 

ascertain a more accurate affective state
Tabor G. Internat J Equine Sci 2026; 5: 21-32.

116

Human-Horse
Interactions
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Human-Horse Interactions

Human-horse interactions involve many tactile contacts
• Grooming, tack, contact during riding 

Physical contacts vary in quantity and quality
• Type of work or athletic discipline
• Human training – horse experience

Despite horse’s ability to respond to subtle stimuli
• Often subjected to a wide range of human tactile stimuli
• Sometimes from an early age

Gueguen L. Naturwissenschaften, 2022; 109: 41. 
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Human-Horse Interactions

Animals often have little control over human-horse interactions 
Consent
• Horses are restrained (on a lead rope)

Choice
• Required to engage in touch interactions with humans 
• Worse with non-familiar humans and novel settings

Horses exhibited more stress behaviors
• When humans were instructed to touch them 
• Compared to when humans stood nearby without touch interaction

Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.
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Human-Animal Interactions

Humans, dogs, horses
• Effects of consensual (free-choice) touch
• Non-consensual (forced) touch interactions

Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.
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Horse & Dog Interactions

Forced touch ⇒ Increased stress
• Both animals and humans

Free-choice touch ⇒ Induces relaxation
• Expected to reduce stress behaviors
• Lower HR and increase HR variability

Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.
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Horse & Dog Behaviors
Dogs 
• Forced touch - ear-back behavior 
• Free-choice touch - sniffing and avoidance

Horses 
• Forced touch
• Increased oral behaviors, restlessness, tail swishing
• Less head shaking 
• High head positions and ear orientation toward participants

• Free-choice touch - increased heart rate
• Spent more than half of their time out of human reach

Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.
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Horse Behavior

Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.
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Animal Preferences
During consensual touch 
• Dogs spent 78% of the time within human reach
• Horses spent 51% of the time out of human reach 

Sarrafchi A. Anthrozoos 2025; 38: 1015-1031.https://www.petmd.com/dog/general-health/how-to-pet-dog

124

Human Responses

Dog interactions perceived more positively than horse interactions
Forced touch with dog 
• No effect on heart rate or HR variability
• No effect on Positive Affect Scale (emotions)

Forced touch with horses 
• Heart rate was higher 
• HR variability was lower 

Experienced human participants 
• Had greater confidence, calmness, and a sense of safety

Sarrafchi A. Applied Ani Behav Sci 2025; 290: 106698.
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Human-Horse Interactions

Seemingly similar techniques
• Massage, myofascial work, soft tissue mobilization
• Grooming, handling, ridden cues

Can produce very different physiologic effects
• Human factors – experience, intent
•Depending on the intensity, rate, duration

• Horse factors – signalment, emotional valance, training
• Location and predictability of the tactile stimulus

126

Touch - Key Takeaways

Touch as a complex sensory system
• Touch is far more than skin contact
• It integrates sensory, emotional, autonomic, and motor functions

Horses possess highly sensitive tactile systems and can detect 
remarkably subtle stimuli
• Skin and hoof mechanoreceptors continuously provide information 

about the environment, posture, and locomotion
Tactile perception varies by body region, age, breed, emotional 
state, prior experiences, and environmental conditions
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Touch - Key Takeaways
Equine foot functions as a sophisticated neurosensory organ
• Not merely a weight-bearing structure 
• Altered sensory input can influence gait, posture, balance, 

performance, and injury risk
Human touch may be perceived as positive, neutral, or aversive 
depending on context and consent
Massage and manual therapies likely exert effects 
• Through mechanoreceptor stimulation, neuromodulation, 

autonomic influences, and behavioral responses. 
Understanding tactile physiology can improve handling, training, 
rehabilitation, welfare, and clinical outcomes
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Thank You

VetCompendium.org
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