
The Biomechanics, Neurophysiology, 
and Execution of Bovine Euthanasia: 
Anatomical Landmarks and 
Low-Technology Methodologies 
The Imperative of Humane Dispatch in 
Low-Technology Environments 
The humane euthanasia and slaughter of bovine species represent a highly complex 
intersection of veterinary neuroanatomy, biomechanics, and applied physics. The fundamental 
objective of these protocols is to induce an immediate, irrecoverable state of unconsciousness, 
followed rapidly by clinical death, ensuring the animal experiences no pain, distress, or anxiety 
during the transition1. In highly mechanized commercial abattoirs, this is frequently achieved via 
high-voltage electrical stunning or sophisticated pneumatic systems integrated into restraint 
conveyors4. However, in field settings, resource-scarce agricultural environments, or emergency 
disease eradication scenarios, practitioners must rely on low-technology, physical 
methodologies2. 
Physical methods of stunning and dispatch—primarily the penetrating captive bolt (PCB), 
free-bullet firearms, and historical heavy trauma equivalents—rely on the precise delivery of 
kinetic energy to specific neuroanatomical structures5. The efficacy of these methods is entirely 
dependent on the operator's understanding of bovine cranial osteology, the precise identification 
of external anatomical landmarks, and the deployment of appropriate mechanical force9. Failure 
to account for the thickness of the bovine frontal bone, the expansive pneumatization of the 
frontal sinuses, or the trajectory required to sever the brainstem results in catastrophic welfare 
failures, leaving the animal paralyzed yet fully conscious12. 
The regulatory landscape, including the American Veterinary Medical Association (AVMA) 
Guidelines on Euthanasia, the European Food Safety Authority (EFSA), and regional 
frameworks such as the German Tierschutz-Schlachtverordnung (TierSchlV), strictly governs 
these procedures, demanding explicit operator competence (Sachkundenachweis) and 
adherence to validated biomechanical protocols15. This report provides an exhaustive analysis 
of the neurophysiology of concussion, the anatomical realities of the bovine skull, the exact 
biomechanical landmarks required for successful mechanical stunning, the energetics of 
low-technology dispatch tools, and the secondary adjunctive procedures necessary to 
guarantee clinical death. 

Neurophysiology of Sensibility and Mechanical 
Concussion 
To understand the mechanics of physical stunning, it is necessary to first map the 



neuroanatomical structures responsible for consciousness and the perception of pain. 
Sensibility in the bovine is not localized to a single region; rather, it is a dynamic state 
maintained by the continuous interaction between the cerebral cortex and the lower brainstem8. 

The Reticular Activating System and Thalamocortical Pathways 
Conscious perception depends on an intact thalamocortical network20. The Ascending Reticular 
Activating System (ARAS), a diffuse network of neurons located within the central core of the 
brainstem (specifically the reticular formation of the medulla oblongata, pons, and midbrain), 
projects upward through the thalamus to the cerebral cortex21. Intracellular recordings 
demonstrate that reticular neurons generate spontaneous action potentials even without 
peripheral stimulation, driven by slow, steadily increasing prepotentials24. This system acts as a 
neurological gateway; it filters sensory input and maintains the cerebral cortex in a state of 
wakefulness23. 
If the reticular formation or the thalamus is severely damaged, or if the projections connecting 
them to the cortex are severed, the animal suffers an immediate loss of consciousness (LOC)8. 
Consequently, physical stunning methods must be targeted explicitly to disrupt the thalamus, the 
midbrain, and the pons27. Superficial damage limited to the frontal lobes of the cerebrum may 
fail to induce unconsciousness, while damage restricted to the cerebellum or caudal spinal cord 
may simply induce flaccid paralysis, trapping a conscious brain inside an immobilized body14. 

The Mechanism of Percussive Concussion 
When a heavy concussive blow or a captive bolt strikes the bovine skull, it initiates a complex 
sequence of biophysical events. The impact generates rapid acceleration and deceleration 
forces, transmitting a deleterious shockwave through the brain parenchyma5. Because the brain 
is a viscoelastic tissue suspended in cerebrospinal fluid, these sudden acceleration forces 
create massive shear strains5. 
The immediate result is a severe concussion, defined physiologically as a catastrophic, 
short-term disruption of nerve function8. The pressure wave depolarizes neuronal membranes 
globally, triggering an uncontrolled release of excitatory neurotransmitters and an acute rise in 
intracranial pressure (ICP)14. This sudden neurological overload frequently precipitates a 
generalized tonic seizure, characterized by extreme muscle rigidity, followed by uncoordinated 
clonic kicking14. 
Electrophysiological monitoring—utilizing both electroencephalography (EEG) and the more 
artifact-resistant electrocorticography (ECoG)—provides a definitive window into this process. A 
successful concussive blow immediately replaces normal, high-frequency cortical activity with 
High Amplitude Low Frequency (HALF) delta waves, representing profound generalized slowing 
and the onset of unconsciousness6. Visual Evoked Responses (VERs) testing demonstrates 
that lower impact velocities (e.g., 41 m/s) frequently fail to abolish sensory processing, whereas 
high-velocity impacts (55 to 58 m/s) reliably extinguish VERs and extend the duration of the 
stunned state34. If the physical trauma is sufficiently severe, the transitional HALF state rapidly 
degrades into an isoelectric EEG, representing total electrocerebral silence and brain death33. 
However, concussion alone can be reversible5. If the skull absorbs too much of the impact, or if 



the kinetic energy is insufficient, the animal may experience a "shallow" depth of concussion. In 
such instances, EEG recordings may briefly flatten before returning to alpha and beta 
frequencies, indicating a resumption of sensory perception and consciousness as the brain 
re-establishes ionic homeostasis36. It is for this reason that modern agricultural protocols 
strongly favor the penetrating captive bolt over non-penetrating blunt trauma, as the penetrating 
bolt adds a secondary, irreversible mechanism of action: the physical maceration and 
maceration-induced hemorrhage of the thalamus and brainstem22. 

Bovine Cranial Osteology and Biomechanical 
Resistance 
The success of any physical stunning method is physically opposed by the architecture of the 
bovine skull. The bovine cranium is highly specialized, having evolved to withstand massive 
blunt force during intraspecific combat and head-butting39. 

The Frontal Bone and Pneumatization 
The dorsal aspect of the bovine skull is dominated by the expansive frontal bone, which extends 
from the orbits to the caudal aspect of the skull, culminating in the intercornual protuberance 
(the ridge between the horns)39. The most critical obstacle for a captive bolt or a free bullet is 
the extreme pneumatization of this region. The frontal sinuses are highly developed, cavernous 
air-filled spaces situated between the outer and inner tables of the frontal bone5. 
These sinuses act as highly effective biomechanical crumple zones, absorbing and dissipating 
the kinetic energy of an incoming projectile or a hammer blow before the force can reach the 
delicate neural tissue located deep within the cranial vault12. Computed tomography (CT), 
magnetic resonance imaging (MRI), and cadaveric sectioning demonstrate that the total tissue 
thickness—comprising the hide, subcutaneous tissue, the outer bony plate, the sinus cavity, and 
the inner bony plate—varies wildly depending on age, sex, and breed7. 

Dimorphic and Breed Variations 
Osteological analysis reveals profound variations across different bovine phenotypes. 
Geometric morphometric analyses demonstrate that native and dual-purpose breeds (e.g., 
Eastern Anatolian Red, Simmental, Charolais) frequently possess wider, thicker, and more 
robust skulls compared to specialized dairy breeds (e.g., Holstein)40. Specifically, Holsteins tend 
to exhibit longer nasal bones and a more oval-shaped orbital roof, whereas Simmental skulls 
possess significantly wider occipital regions to support the musculature required for their heavier 
frames40. 
Furthermore, pronounced sexual dimorphism dictates that mature intact males (bulls) develop 
heavily ossified cranial vaults and expansive sinus cavities that far exceed those of steers or 
cows46. In a mature Holstein cow, the total tissue thickness at the ideal frontal shot placement 
averages 46.7 mm, with the thalamus located at a depth of approximately 92.2 mm42. However, 
in heavy Bos taurus bulls, older cows, and certainly in water buffalo (Bubalus bubalis), the sinus 
depth and bone density are drastically increased10. Pathological conditions can exacerbate this 
further; cases have been documented where chronic infections filled the expanded frontal 
sinuses with a fibrinous pus deposit, increasing the total penetration depth required to 90 mm 



before even breaching the cranial vault22. 
A standard 12 cm captive bolt may fully deploy into a heavy bull's skull but fail to breach the 
inner bony table, entirely missing the brain and merely lodging in the sinus cavity12. 
Consequently, operators must dynamically adjust their equipment, utilizing extended bolts and 
maximum-power cartridges when engaging mature, heavy-framed animals14. 

Precise Anatomical Landmarks for Mechanical 
Intervention 
The margin for error in physical stunning is measured in millimeters. The brain constitutes a 
remarkably small target suspended deep within the massive bovine skull9. Directing a projectile 
through the most direct path to the thalamus and brainstem requires the strict observation of 
external anatomical landmarks. 
The Frontal Approach (Optimal) 
The frontal position is the universally recognized gold standard for bovine stunning and 
euthanasia9. The objective is to angle the projectile so that it passes through the cerebral cortex, 
bisects the thalamus, and destroys the midbrain and pons27. 
Historically, guidelines recommended placing the device at the intersection of two imaginary 
lines drawn from the medial canthus (the inside corner of the eye) to the base of the opposite 
horn12. However, extensive post-mortem MRI and CT validation has rendered this 
recommendation obsolete. Aiming from the medial canthus frequently positions the shot too low 
on the forehead12. A low shot forces the bolt to travel parallel to the base of the skull, grazing 
the olfactory bulbs and the frontal lobes of the cerebrum, but completely missing the deeper 
reticular activating system12. 
Modern neuroanatomical consensus dictates a higher placement. The device should be 
positioned at the intersection of two imaginary diagonal lines drawn from the lateral canthus 
(the outside corner of the eye) to the center of the base of the opposite horn, or the equivalent 
position just below the ear base in polled (hornless) cattle27. 
Furthermore, recent cadaveric studies evaluating mature cows have identified an even more 
effective "Ideal Frontal" placement. This site is situated approximately 1 to 2.5 cm rostral 
(above) the lateral canthus intersection, located precisely on the midline halfway between the 
top of the poll and the line connecting the lateral canthi14. In studies measuring bolt-to-thalamus 
contact, this elevated position achieved a 100% success rate in disrupting the thalamus, 
drastically reducing the risk of the bolt passing harmlessly ventral to the brainstem14. 
Crucial Trajectory: Identifying the entry point is only half the execution; the angle of the device 
is equally critical. The muzzle of the captive bolt or firearm must be held flush and perfectly 
perpendicular (90 degrees) to the plane of the frontal bone27. The trajectory must be aimed 
directly down the longitudinal axis of the neck toward the foramen magnum and the base of the 
tongue9. Angling the device laterally or caudally will deflect the bolt away from the brainstem, 
causing superficial cortical injury without abolishing consciousness28. 

The Poll Approach (Alternative / Secondary) 



When a frontal shot is impossible—due to extreme horn growth, heavy frontal bone mass in 
mature bulls, or a lack of physical access to the animal's face within a restraint chute—the poll 
shot is occasionally utilized as an alternative9. The device is placed on the dorsal midline, 
directly behind the highly palpable nuchal crest (the bony ridge between the ears), and is aimed 
downward and forward toward the base of the tongue9. 
While the poll shot bypasses the thickest parts of the frontal sinus, it is neurologically inferior to 
the frontal approach and carries severe welfare risks13. CT imaging and pathological scoring 
reveal that projectiles entering from the poll frequently traverse the cerebellum and sever the 
cervical spinal cord, while failing to reach the midbrain, thalamus, or cerebral hemispheres13. In 
a comparative evaluation of shot locations, 30% of poll shots missed the brain entirely, 
compared to only 12% of frontal shots56. When the spinal cord is severed but the ARAS remains 
intact, the animal collapses instantly due to paralysis, yet the intact thalamocortical network 
allows the brain to remain fully conscious and capable of experiencing the immense pain of the 
trauma and subsequent exsanguination8. Therefore, the AVMA and the Humane Slaughter 
Association (HSA) dictate that the poll approach should be avoided for captive bolts whenever 
possible, and if used as a secondary method, must be executed with extreme precision9. 
 

Landmark 
Approach 

External 
Anatomical 
Guides 

Primary Neural 
Targets 

Efficacy & Risk 
Profile 

Traditional Frontal Intersection of 
lateral canthi to 
contralateral horn 
bases. 

Cerebrum, 
Thalamus, 
Midbrain. 

High efficacy. 
Requires 
perpendicular 
trajectory to avoid 
deflecting below the 
brainstem30. 

High Frontal 
(Ideal) 

Midline, halfway 
between poll and 
lateral canthi line. 

Thalamus, Pons, 
Medulla. 

Highest efficacy. 
Consistently 
maximizes 
bolt-to-thalamus 
contact14. 

Poll (Occipital) Dorsal midline, 
immediately caudal 
to the nuchal crest. 

Cerebellum, 
Medulla, Cervical 
spine. 

High risk. 
Frequently induces 
flaccid paralysis 
without 
unconsciousness 
due to missed 
cerebrum/thalamus1



3. 

Behind the Ear Caudal to pinna, 
aimed diagonally 
toward opposite 
eye. 

Temporal lobe, 
Midbrain. 

Generally reserved 
for swine; strictly 
not recommended 
for bovines due to 
severe deflection 
risks9. 

Kinematics of Low-Technology Stunning Equipment 
Inducing a massive, irreversible concussion requires the rapid delivery of kinetic energy. In field 
environments lacking integrated electrical stunning infrastructure, this energy is generated via 
the explosive deflagration of nitrocellulose propellants or, historically, the sheer biomechanical 
force of human muscle. 
Penetrating Captive Bolt (PCB) 
The penetrating captive bolt is the undisputed gold standard for physical stunning and dispatch 
in modern agricultural systems5. The device consists of a heavy, corrosion-resistant steel piston 
(the bolt) housed within a heavy cylindrical barrel31. Power is supplied by either compressed air 
(pneumatic systems generating 1378 to 1551 kPa / 200-225 psi) or, more commonly in low-tech 
environments, blank rimfire cartridges4. 
Upon firing, the rapid expansion of gas forcefully ejects the bolt outward. However, unlike a 
firearm, the bolt remains "captive" via a series of heavy rubber or polyurethane recuperator 
sleeves (buffers), which arrest the bolt's forward travel and forcibly retract it back into the 
barrel29. This retraction is biologically vital; the withdrawal of the bolt from the brain tissue 
creates a temporary vacuum cavity, which forcefully suctions adjacent brain parenchyma into 
the wound tract, causing massive secondary tearing of axons and catastrophic subarachnoid, 
interventricular, and brain base hemorrhage12. 
To ensure the bolt breaches the skull and destroys the thalamus, the kinetic energy (

) must be strictly matched to the animal's osteological density8. Empirical 
biomechanical studies indicate that while an adult bovine skull requires approximately 127 
Joules to penetrate the outer bony tables, the weapon must generate 300 to 500 Joules to 
overcome resistance and ensure the bolt retains enough terminal energy to destroy the deeper 
ARAS structures58. This requires high-velocity impacts: a minimum bolt speed of 55 meters per 
second (m/s) for standard cows, and over 70 m/s for mature bulls4. 
In cartridge-powered units, such as the widely utilized Accles & Shelvoke CASH Special or the 
Schermer KR/KS models, power is modulated by selecting specific cartridge strengths. These 
are universally coded by color and measured in grains of single-base nitrocellulose propellant10. 
 

Cartridge Color Propellant Load Estimated Energy Target Bovine 



Code (Grains) (Joules) Class 

Pink 1.25 grain ~156 - 233 J Neonatal calves 
(under 1 month). 

Yellow 2.0 grain ~243 - 301 J Small cattle, light 
swine. 

Purple 2.5 grain ~227 - 271 J Light steers, young 
heifers (over 100 
kg). 

Green / Blue 3.0 grain ~288 - 350 J Medium-sized adult 
cattle, standard 
cows. 

Orange 3.5 grain ~329 - 415 J Heavy cattle, young 
bulls. 

Red 4.0 grain ~325 - 637 J Very heavy cattle, 
large horses. 

Black 4.5+ grain ~418 - 483 J Exceptionally heavy 
mature bulls, water 
buffalo. 

Alongside cartridge strength, bolt length is a highly variable and critical parameter. A standard 
bolt extends approximately 12 to 15.2 cm from the muzzle, though the functional penetration 
depth may only be 9 to 11 cm50. While highly effective for standard cattle, treating heavy bulls or 
water buffalo with a standard bolt frequently results in the projectile stopping short of the 
thalamus46. For these animals, an extended bolt measuring 16.5 cm to 17.8 cm is absolutely 
mandatory to traverse the thickened sinus cavities and ensure catastrophic brainstem 
disruption46. 

Non-Penetrating Captive Bolt (NPCB) 
The non-penetrating captive bolt utilizes a blunt, mushroom-shaped head rather than a sharp 
piston31. Instead of piercing the skull, the bolt strikes the frontal bone with tremendous force and 
instantly retracts31. The objective is to transfer 100% of the kinetic energy into the skull, creating 
a sudden, violent acceleration of the head that induces a severe concussive shockwave and 
dramatic spikes in intracranial pressure5. 
While NPCB is highly effective on neonates (calves, piglets, and lambs), its use on mature cattle 



is widely condemned and often legally restricted9. The robust architecture of the adult bovine 
skull, specifically the frontal sinuses, acts as a shock absorber, diffusing the impact over the 
surface of the calvaria rather than focusing it into the brain5. EEG and ECoG studies comparing 
PCB to NPCB on mature bulls demonstrate that while PCB achieves 100% unconsciousness, 
NPCB frequently results in incomplete concussions (with failure rates reaching 29%), with 
animals retaining intact electrocortical rhythms, rhythmic respiration, and exhibiting behavioral 
responses to painful stimuli such as nostril pricking5. Therefore, NPCB should be strictly 
excluded from low-tech protocols involving adult bovines. 
Free-Bullet Firearms 
In extreme field conditions where the animal is highly agitated, aggressive, or cannot be safely 
restrained in a head-catch chute—preventing the point-blank application required by a captive 
bolt—a free-bullet firearm is a highly effective, albeit operationally hazardous, alternative67. A 
firearm generates devastating kinetic energy and massive tissue disruption due to the 
hydrostatic shock wave created as the bullet cavitates through the fluid-dense brain 
parenchyma9. 
A standard .22 Long Rifle (LR) solid bullet lacks the mass and energy (producing only ~140 
ft/lbs of energy) to reliably penetrate the adult bovine skull and is deemed unacceptable for 
routine adult euthanasia50. The minimum recommended caliber for adult cattle is the .22 
Winchester Magnum Rimfire (WMR), which generates over 320 ft/lbs of energy50. For mature 
bulls, heavy-caliber ammunition such as 9mm, .357 Magnum, .38 Special, or a 12-gauge 
shotgun loaded with a solid 1-ounce lead slug is required to guarantee complete penetration 
and the catastrophic destruction of the brainstem46. 
The primary drawback of the free bullet is severe operator hazard. If fired at an incorrect angle, 
or if the bullet strikes the dense intercornual ridge, it can easily ricochet off the heavy bone. 
Furthermore, high-velocity rounds may over-penetrate, exiting the skull entirely and 
endangering bystanders31. When discharging a firearm, the muzzle must be held 60 to 90 cm (2 
to 3 feet) away from the skull; pressing a live firearm flush against the animal's head can cause 
the barrel to catastrophically explode due to trapped expanding gases9. 

Historical Blunt Trauma Equivalents 
Prior to the invention of the captive bolt in 1904 (first conceptualized as the Behr Flash Killer), 
bovine stunning was achieved entirely through manual human biomechanics, utilizing heavy 
wooden or metal slaughter hammers, poleaxes, and the Bruneau mask60. 
The poleaxe functioned as a manual penetrating captive bolt, featuring a heavy hammer head 
(typically 5 to 6 kg) equipped with a sharpened, hollow metal spike77. The operator would swing 
the heavy axe down onto the animal's frontal bone, relying entirely on the momentum of the 
swing to punch the spike through the skull and into the cerebrum. To address the inherent 
inaccuracy of swinging a heavy axe at a moving animal, the Bruneau mask was developed in 
France in 187276. This heavy leather blindfold was strapped over the animal's head to restrict 
vision and featured a metal disc positioned securely over the brain. The disc housed a hollow 
steel bolt; the operator would strike the bolt with a heavy mallet, driving it into the skull78. 
While historically significant, these manual trauma methods are entirely unacceptable in a 



modern context and have been explicitly banned under contemporary welfare regulations 
across most jurisdictions77. Generating the 127 to 300 Joules required to penetrate a bovine 
skull requires a flawless, high-velocity swing59. Operator fatigue, misjudged angles, and the 
sudden movement of the animal frequently resulted in superficial fractures, extreme agony, and 
the horrific necessity of repeated blows to render the animal insensible29. No contemporary 
low-technology protocol should ever incorporate manual blunt force trauma on mature cattle. 

Equipment Maintenance, Quality Control, and 
Operator Variables 
The mechanical reliability of low-technology stunning equipment is the single most critical point 
of failure in humane dispatch. Captive bolt guns are precision instruments subjected to extreme 
heat, pressure, and corrosive environments81. 
Cartridge-fired devices are highly susceptible to fouling from residual gunpowder and 
combustion byproducts81. The expansion chamber and the bolt itself must be completely 
disassembled, inspected for wear, and cleaned daily or after every 500 shots using appropriate 
solvents9. Failure to maintain the device leads to carbon buildup that increases friction, 
drastically reducing bolt velocity and resulting in "soft" shots that fail to penetrate the skull4. 
Furthermore, the storage of nitrocellulose cartridges directly impacts stunning efficacy. 
Cartridges must be kept in cool, airtight containers4. Exposure to high humidity or damp 
conditions severely degrades the propellant; firing a damp cartridge results in a muffled sound 
(under 111 decibels) and insufficient kinetic energy generation, directly correlating with shallow 
concussions and failed stuns4. Conversely, excessive and aggressive cleaning with abrasive 
wire brushes can degrade the internal tolerances of the barrel, allowing expanding gases to 
blow past the bolt, again resulting in velocity loss81. In commercial settings, daily bolt velocity 
validation using a computerized test stand is considered an operational necessity to ensure the 
tool continues to meet the 55 to 70 m/s threshold4. 

Secondary Dispatch Methodologies (Ensuring Clinical 
Death) 
It is a critical neurophysiological reality that a captive bolt is primarily a stunning device, not an 
inherently lethal one31. While a perfectly executed shot that obliterates the medulla oblongata 
will induce rapid respiratory and cardiac arrest, a shot that only damages the thalamus and 
cerebrum will leave autonomic functions intact, evidenced by a continued heartbeat13. Because 
concussion is theoretically reversible as cerebral edema subsides and neurotransmitter balance 
is restored, the animal will eventually regain consciousness if the brain is not deprived of 
oxygen5. 
Therefore, low-technology protocols mandate a rapid two-step procedure: the initial stun, 
followed immediately (within 60 seconds) by an adjunctive dispatch method to guarantee clinical 
death1. 

Neural Maceration (Pithing) 



Pithing is the most definitive, bloodless method of ensuring death in the field9. Following the 
captive bolt shot and the collapse of the animal, the operator inserts a flexible rod (typically 
stainless steel, stiff wire, or a robust plastic infusion pipette, measuring 60 to 100 cm in length) 
directly into the hole created by the bolt54. 
The rod is thrust deeply through the cranial vault, through the foramen magnum, and into the 
spinal canal70. By vigorously twisting and plunging the rod, the operator mechanically macerates 
the brainstem, the medulla oblongata, and the proximal cervical spinal cord54. This completely 
destroys the respiratory and cardiac centers, ensuring irreversible death82. Furthermore, pithing 
severs the descending motor pathways, rapidly abolishing the violent reflex kicking and clonic 
spasms that follow a captive bolt shot, vastly improving operator safety during subsequent 
handling54. 
However, pithing violently disrupts neural tissue, forcing emboli of brain matter and central 
nervous system tissue into the systemic venous circulation31. Due to the severe risk of 
disseminating prion proteins responsible for Bovine Spongiform Encephalopathy (BSE) into 
edible tissues, pithing is strictly prohibited for animals destined for human consumption under 
European and North American regulations31. For field euthanasia and casualty disposal, 
however, it remains the superior low-technology dispatch technique70. 

Hemodynamic Collapse (Exsanguination) 
If the animal is to be processed for human consumption, death must be achieved via rapid 
exsanguination (bleeding out). The goal is to induce catastrophic hypovolemic shock, dropping 
the cerebral perfusion pressure to zero and starving the brain of oxygenated blood before the 
animal can recover from the mechanical stun20. 
The anatomical approach to exsanguination heavily dictates its efficiency. In cattle, the cerebral 
cortex receives collateral blood supply from both the carotid arteries and the vertebral arteries 
(which run protected through the transverse foramina of the cervical vertebrae)75. 

1.​ The Neck Cut (Ventral Incision): This traditional method involves a deep transverse cut 
across the throat, severing the jugular veins and the common carotid arteries54. While 
historically prevalent, the bovine carotid arteries are highly elastic. When severed, the 
smooth muscle in the arterial wall severely contracts, and the ends of the arteries retract 
deep into their connective tissue sheaths85. This retraction frequently promotes the rapid 
formation of "false aneurysms"—clots that physically seal the severed ends, arresting 
blood flow85. If the animal has not been effectively stunned, these aneurysms force blood 
to divert through the intact vertebral-occipital anastomoses, maintaining cerebral 
perfusion and allowing the animal to remain conscious and suffering for 60 seconds or 
more85. To mitigate this, incisions must be made as high on the neck as possible (at the 
C1 vertebra level rather than C2+), which significantly reduces the incidence of aneurysm 
formation85. 

2.​ The Thoracic Stick (Brachiocephalic Transection): To circumvent the risk of arterial 
retraction entirely, the optimal low-tech exsanguination method is the thoracic stick. A 
long, sharp knife is inserted at the thoracic inlet (the base of the neck, just cranial to the 
sternum) and directed inward toward the heart35. The objective is to sever the 



brachiocephalic trunk and the bicarotid trunk—the massive vessels originating directly 
from the aortic arch before they bifurcate into the individual carotids90. Severing these 
massive, high-pressure vessels induces an immediate, catastrophic drop in systemic 
blood pressure (internal maxillary artery pressure drops by 80 mmHg within 1 second), 
rapidly draining both the carotid and vertebral networks and precipitating total brain death 
within 10 to 20 seconds3. 

Clinical Validation of Insensibility and Post-Stun 
Reflexes 
The final, critical step in any euthanasia protocol is the rigorous clinical confirmation of deep 
unconsciousness and subsequent death. Because the brainstem may remain active 
independently of a destroyed cerebrum, and because the spinal cord operates autonomously 
from the brain, operators must differentiate between conscious perception and reflexive action35. 
Upon firing the captive bolt, a properly stunned bovine will exhibit an immediate, unquestionable 
collapse, entirely losing the ability to stand or right its head9. The body will initially enter a state 
of extreme tonic rigidity, which is frequently followed by vigorous, uncoordinated paddling or 
kicking of the hind limbs9. It is paramount to recognize that this post-stun kicking does not 
indicate consciousness. It is an anoxic spinal reflex generated by the sudden removal of 
inhibitory signals from the now-destroyed higher brain centers82. Ironically, studies have shown 
that more extensive brain damage (achieved via longer bolts) actually reduces the intensity of 
these spinal convulsions65. 
To confirm that the brain is truly insensible, the operator must systematically assess cranial 
nerve reflexes: 

●​ Corneal Reflex: Touching the surface of the eyeball. An insensible animal will not blink35. 
●​ Palpebral/Threat Reflex: Waving a hand near the eye without making contact, or lightly 

touching the eyelashes. The eyes should remain wide open with a blank, fixed stare35. 
●​ Rhythmic Breathing: Observing the flanks. While occasional agonal gasps or gagging 

may occur, regular, rhythmic inhalation and exhalation must be completely absent, 
indicating the total suppression of the medullary respiratory centers9. 

If any of these cranial reflexes are present, if the eyes rotate (nystagmus), or if the animal 
attempts to lift its head, the stun has failed (a "shallow concussion")35. In the event of a failed 
stun, a secondary shot must be applied immediately—reloading the primary device or utilizing a 
dedicated backup device—to prevent immense suffering before exsanguination or pithing is 
attempted11. 

Regulatory Frameworks and Welfare Compliance 
The execution of bovine euthanasia and slaughter is heavily scrutinized under international 
animal welfare frameworks. The AVMA Guidelines on Euthanasia (2020 Edition) strictly classify 
the penetrating captive bolt and free-bullet gunshot as "Acceptable with Conditions," mandating 
the use of secondary adjunctive steps (pithing, exsanguination, or KCl injection) to ensure 
clinical death1. 



In the European Union, Regulation (EC) No 1099/2009 and national transpositions such as the 
German Tierschutz-Schlachtverordnung (TierSchlV) outline exacting parameters for mechanical 
stunning16. These regulations explicitly mandate that operators possess a formal certificate of 
competence (Sachkundenachweis), proving their practical knowledge of cranial anatomy, 
equipment maintenance, and the behavioral indicators of insensibility17. The TierSchlV further 
codifies that electrical head-only stunning of cattle must be held for a minimum of 4 seconds at 
2.5 Amperes, though the penetrating captive bolt remains the predominant and preferred 
method for heavy cattle16. Compliance with these frameworks ensures that the mechanical 
dispatch of livestock transcends mere agricultural utility, upholding the ethical imperative to 
eliminate pain and distress. 

Conclusion 
In low-technology environments, the humane dispatch of a bovine demands exacting precision 
and a profound respect for the animal's neuroanatomical resilience. The immense thickness and 
pneumatic nature of the bovine frontal sinus act as a formidable barrier, necessitating the 
deployment of high-velocity, penetrating captive bolts driven by maximum-yield propellant 
charges. By abandoning outdated medial landmarks and aiming high on the frontal bone from 
the lateral canthi, operators ensure the projectile traverses the densest bone to violently disrupt 
the thalamus and reticular activating system, guaranteeing immediate insensibility. 
Because concussion is inherently unstable, this mechanical stun must be instantly followed by a 
definitive dispatch mechanism—either the physical maceration of the brainstem via pithing, or 
the catastrophic hemodynamic collapse induced by a thoracic stick. Through the rigorous 
application of these scientifically validated, biomechanical protocols, the proper maintenance of 
equipment, and the careful clinical validation of electrocerebral silence via reflex testing, 
operators can consistently ensure a rapid, painless, and humane death, satisfying both ethical 
imperatives and physiological realities. 
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