Evaluation of Blunt Force Trauma for Neonatal Piglets On-Farm
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ABSTRACT: Twenty-seven neonate piglets (range from 0.35 to 1.17 kg) were evaluated for the effectiveness of blunt force trauma as a method of on-farm cull. Brainstem function, brain injury and haemorrhage scores (increasing from 0 to 3) were assessed after striking the head against a concrete floor. Electroencephalograms (EEG) from a subset of 15 piglets were recorded prior to and after blunt force trauma for electrophysiological assessments. Blunt force trauma was performed by a single experienced farmer in a commercial farm by holding the piglet by its both hind legs and striking the head against the concrete floor. All piglets remained recumbent and did not show brainstem reflexes. Only one piglet did not presented tonic/clonic physical activity. The mean time to onset of persistent isoelectric EEG was 64.3 ± 7.3 (range 18 – 115) s. Total power, theta, alpha and beta power decreased to approximately 45%, 30%, 20% and 15% from pre-treatment power, respectively by 15 s post-impact. There were no periods of normal-like EEG after the culling. Bruises in the neck and shoulder were found in 67% and 70% of piglets, respectively. All piglets presented skull fractures with 20% having the nasal bone(s) fractured. Brain damage was found in all piglets, mainly in the frontal lobe(s). The occipital lobe(s) presented the greatest frequency of severe damage. The analysis of the radiographs also found a high frequency of fractures in this region. Haemorrhage was most frequent in the frontal, parietal, occipital lobes and midbrain. When performed correctly with the appropriate weight class, blunt force trauma can be used as an effective method for on-farm killing of nursing piglets resulting in death. However, this method should not be promoted over more reliable and repeatable cull methods such as captive bolt gun (CBG). As with blunt force trauma there is significant potential for animal welfare harm associated with inappropriate practice, lack of accuracy, issues with repeatability and operator fatigue.
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Introduction
[bookmark: _Hlk36740622][bookmark: _Hlk40275486][bookmark: _Hlk33160228][bookmark: _Hlk42679374]On pig farms most non-viable neonatal piglets are culled to alleviate or prevent suffering or negative welfare outcomes with manual blunt force trauma (Whiting et al., 2011; Dalla Costa et al., 2019), despite being an illegal method in some countries (Council Directive 1099/2009, 2009) and not being considered acceptable for piglets with a bodyweight of more than 5 kg, or finishing pigs and sows (AVMA, 2020; CFMV, 2012). This method is usually performed by striking the animal’s head with a hammer or against a solid/hard surface, such as a wall or floor (Widowski et al., 2008; Grist et al., 2018; Dalla Costa et al., 2019). The decision to use this method is based on the low cost of the procedure and/or the lack of knowledge or experience with alternative methods (Dalla Costa et al., 2019). A survey of Brazilian pig farms reported that 90% used concussion methods (including striking the animal’s head with a hammer or against a solid/hard surface) to cull piglets (Dalla Costa et al., 2019). However, this study also reported that 33% of stockpeople would prefer an alternative method. 
[bookmark: _Hlk40275502][bookmark: _Hlk39051836][bookmark: _Hlk37059285]However, its efficiency in inducing immediate loss of sensibility in nursing piglets (less than 5 kg weight) is debatable (Whiting et al., 2011; Grist et al., 2018; Dalla Costa et al., 2019). As with captive bolt stunning, the effectiveness may depend on a number of operator and animal factors, such as, skill and training, force employed, precision, impact head site, strike speed, operator fatigue, size and weight of the animal and skull morphology (Gibson et al., 2015; 2019; Andrew Grist et al., 2018; Oliveira et al., 2018). Besides the potential welfare risks, striking piglets’ heads against a solid/hard surface or with a hammer is visually unpleasant and considered by some in society as repulsive and barbaric (Dalla Costa et al., 2019). It has been reported by several authors that stockpeople’s attitudes can be negatively affected by on-farm animal culling practices (Rault et al., 2017; Shearer, 2018; Dalla Costa et al., 2019). An acceptable method should be supported by complete studies that includes behavioural, pathology and brain activity data. The group of these parameters leads to a better understanding of the effects and risks of which method. However, the literature only reported manual blunt force trauma studies including behavioural and pathology data. Whiting et al. (2011) did not report fails in the application of manual blunt force trauma performed by 7 different operators for 50 piglets evaluated. However, the methods used to classify the efficiency is based only in some visual evaluation of respiration, vocalization and heart rate, which makes the conclusion doubtful. Also, there was no pathology evaluation. Widowski et al. (2008) reported the manual blunt force trauma as a rapid, effective and humane method of euthanizing low viability piglets. However, the study did not confirm the data using brain activity.
Currently, mechanical/manual blunt force trauma, controlled atmosphere killing (CAK), electrocution and anaesthetic overdose are accepted methods for on-farm killing of piglets. Studies that have evaluated mechanical blunt force trauma (Widowski et al., 2008) reported that some piglets (less than 1 day old) had brainstem reflexes returning after being shot with non-penetrating captive bolt gun (Zephyr-Rabbit Stunner, Bock Industries Inc.). However, an improved model of this captive bolt gun (Zephyr-E with a conical shape) and the cartridge powered Cash Small Animals Tool (Accles and Shelvoke) have been shown to rapidly render piglets up to 10.9 kg to insensibility (Casey-Trott et al., 2013, 2014; Grist et al., 2017; Grist et al., 2018). Electrocution performed with a proper equipment and combined with a secondary procedure (bleeding, head trauma and cardiac compression) can be used to cull pigs (CFMV, 2012; AVMA, 2020). However, stockpeople should be aware of the risk of accidents during application with wet floors, inadequate personal safety equipment and incorrect electrode placement. The use of an overdose of general anaesthetic (barbiturates) is usually impractical for routine use in large scale pig production because of the costs and the need requirement of specific professionals as these compounds are commonly prescription only medicines. Despite recent improvements, the use of CAK for on-farm cull requires box/module equipment and there is still debate over the appropriate gases/mixtures and the overall potential for animal suffering (Rault et al., 2015; Kells et al., 2018). Thus, the cost of acquiring equipment, applying the method, convenience, human safety and lack of ease of application of the alternative methods make manual blunt force trauma a more frequently used method on commercial pig farms (Dalla Costa et al., 2019).
The objective of this study was to evaluate the effectiveness of blunt force trauma performed by just one farmer in a commercial farm in Brazil where this method is frequently used as a method of on-farm culling for neonatal piglets using brainstem mediated reflexes, EEG, cranial fractures and brain lesions.
Materials and Methods
This project was approved by the Committee of Ethical Use of Animals at EMBRAPA Swine and Poultry Brazil (Protocol number: 007/2018) and the Royal Veterinary College Clinical Research Ethical Review Board (URN 2019 1879-3).
The effectiveness of blunt force trauma as a method of on-farm culling for neonatal piglets (0.54 ± 0.17 kg, range from 0.35 to 1.17 kg and less than one-week-old) requiring cull was assessed with behavioral and pathological analysis (n = 27). A subset of these piglets (n=15) were in addition assessed with EEG. All piglets used were healthy and had no injuries at selection moment to guarantee the quality of evaluations.
[bookmark: _Hlk36741366][bookmark: _Hlk37071763]Non-viable piglets were selected from a commercial farm based on their low weight at birth under the same criteria used in the farm routine. Piglets were culled by manual blunt force trauma to the head by a single operator holding the animal by its rear legs and striking the top of the head against the concrete floor. This method is widely used by many pig farms in Brazil as previously reported (Dalla Costa et al., 2019). The operator holding both rear legs initially swung the piglet upwards in an underarm action to approximately 20⁰ above the level of their head (angle based on the shoulder being the pivot point), before swinging downwards with a continuous single strong fluid motion with the head impacting against the concrete floor at the end of the swing arc. After a single strike the piglets were left on the floor by the operator in lateral recumbency. The operator was the farmer who was responsible for all routine daily practices. Effectiveness of blunt force trauma was assessed using brainstem reflexes, cranial fractures and macroscopic pathology in all animals. In a subset of these piglets (n = 15), EEG activity was assessed prior to and after blunt force trauma. The sample size (n = 15) was determined based on data reported by Indira et al. ( 2012) for EEG with α=0.05 – 0.10. The inclusion of the EEG subset allowed direct comparisons between electrophysiological, brainstem and pathological indices.  
Behavioural assessment of brain function
[bookmark: _Hlk42607208]Behavioral, posture and brainstem reflexes (rhythmic breathing, vocalization, palpebral and corneal reflex, spontaneous eye blinking, eyeball rotation, nystagmus, jaw tension and gasping) were evaluated immediately after the strike (n=27 piglets) and recorder for further evaluation by a trained observer, using a methodology similar to that described by Oliveira et al. (2017) until onset of cardiac arrest (checked by auscultation). The latency to cardiac arrest was not recorded. Concussion was considered effective when rhythmic breathing had ceased and there were no brainstem related reflexes. Additional information on blood extravasation (bleeding from the mouth and nostrils) was also recorded.
Electroencephalogram (EEG) recording subset
[bookmark: _Hlk42604484]EEG from a subset of 15 piglets was recorded using three 24-gauge stainless steel subdermal electrodes (Subdermal electrode, Xi’an Friendship Medical Electronics Co. Ltd, Xi’an, Shaanxi, China), placed as a three electrode montage in the skin with the: active (non-inverting) left of midline in-line with the back of the eyes; reference (inverting), over the left caudal aspect of the frontal bone (top of head) in-line with the front of the ears; and ground electrode caudal to the poll. Electrodes were further secured in position with super glue to prevent displacement during the culling procedure. EEG signals were amplified and filtered with an analogue filter (Bio Amp, ADInstruments Ltd., Sydney, Australia) with low and high pass filters of 300 and 0.1 Hz, respectively. The signals were digitalized (1 kHz) with a 4/20 PowerLab (ADInstruments Ltd., Sydney, Australia) digital to analogue converter and recorded on a Sony laptop (Sony USA Inc. New York, NY, USA) for off-line analysis. Pre-treatment EEG signals were collected for 3 minutes before the BFT to obtain the normal EEG data to compare with post-treatment results.
Subjective EEG analysis
[bookmark: _Hlk42678402]Electroencephalogram epochs contaminated by artefacts such as over- and under scale (DC drift), large single spikes, or electromyography were manually rejected from analysis using Chart 8.1.5 (ADInstruments Ltd). All waveforms were digitally filtered with a pass band of 1 to 30 Hz and traces were inspected visually and compared to baseline using the classification systems developed by Gibson et al. (2009a). They were classified into one of four categories previously published in the literature (Gibson et al., 2019): (1) Movement artefact; (2) Normal EEG; (3) Transitional EEG and (4) Isoelectric EEG. Briefly, normal EEG represents activity that is similar in amplitude and frequency to baseline period. Transitional EEG was classified as suppressed activity of having either an amplitude of less than half of that of the pre-treatment EEG and/or depressed high frequency activity. Isoelectric EEG was classified as a trace with an amplitude of < 1/8 (12.25%) of that of normal pre-stunning EEG with little or no low frequency components. From the group of 15 piglets, two animals were removed from the EEG analysis due to artefacts and external electrical noise.
Power spectrum analysis
The EEG power spectra of uncontaminated epochs were analysed as follows (Gibson et al., 2018). Fast Fourier Transformation with a Welch window was applied to non-overlapping 1 s epochs (pre-treatment and every second post stunning), generating sequential power spectra with 1-Hz frequency bins. Subsequent analysis was performed using Microsoft Excel 2016 (Microsoft Corporation, Redmond, USA). Electroencephalogram spectral data were calculated and are displayed as percentage changes in total power (Ptot), delta (0.5–4 Hz), theta (4–8 Hz), alpha (8–12 Hz) and beta (12–30 Hz) power from pre-treatment values. Spectral data contaminated by movement artefact was excluded based on the subjective analysis and video data.
Pathology evaluations
Heads (n = 27 piglets) were removed from the body and then placed in containers with 10% formalin and sealed. The neck and shoulder of each animal were evaluated for the presence of bruises. A randomized subset of nine heads prior to gross pathology evaluations were digitally radiographed in the frontal and sagittal plane to evaluate the cranial lesions. After each scan, these heads were returned to formalin containers for later pathology assessment.
All heads (including radiograph subjects) after 30 d of fixation, were assessed for subcutaneous haemorrhage and skull fractures were evaluated for cavitation, depressed and radiating fractures and number of bone fragments. The fixed brains were removed for further analysis. 
Brains were subjectively scored for distribution of haemorrhage over the lateral, dorsal and ventral surface (0=none; 1=1-20%; 2=21-50%; 3=51-100%) and damage (1=distortion of normal shape without destruction of brain structures; 2=laceration without destruction of brain structure; 3=partial/total destruction of brain structure). Then, brains were sliced (range 9–13 slices) at approximately 5 mm starting rostrally and moving caudally. Each section on its rostral aspect was evaluated for severity of damage to internal brain structures (frontal, parietal, temporal and occipital lobes, corpus callosum, thalamus, hypothalamus, hippocampus, midbrain, occipital, cerebellum, lateral, third and fourth ventricle, cerebral aqueduct, medulla, pons), presence of bone fragments, percentage of haemorrhage over the surface and scored for damage using the same scoring system as previously described. Midline shift (presence/absence) was assessed as the lateral deviation of structures based on a superimposed line extending from the middle of the brain to the third ventricle on the axial plane.
Statistical analysis
Descriptive analysis of the data was performed on the frequency of the variables and calculation of the mean, standard deviation of the mean, minimum and maximum of the quantitative variables. The relationship between the time to become isoelectric (subjective analysis of EEG) and time to power spectrum data becoming 10% of the normal EEG was evaluated using linear regression with SAS (2012).
Results
Behavioural assessment of brain function
All piglets remained recumbent and most (96%; 26/27) presented tonic/clonic physical activity for on average for 88.5 s (SE: ± 27.6, range 10 – 179) after concussive trauma. None of the piglets presented rhythmic breathing, vocalization, palpebral and corneal reflexes, spontaneous eye blinking, eyeball rotation, nystagmus, jaw tension and gasping, nor brain extrusion or bleeding from the skin on top of the head. However, 89% of piglets presented bleeding from nostrils, 30% from the mouth, 19% from the ears and 4% from the impact site. No piglets required to be euthanized with an additional procedure.
Electroencephalogram response
[bookmark: _Hlk19132910][bookmark: _Hlk19132951][bookmark: _Hlk19133080]All piglets culled by striking their heads against the floor (13/13) presented patterns of EEG activity (raw and spectral) different from patterns of normal EEG activity (pre-treatment) that were inconsistent with the maintenance of sensibility (Figure 1 and 2). Initial periods of movement/artefact varied from 8 to 51 s (Figure 3). After movement artefact, in 12 of the 13 piglets there were periods of transitional activity. The mean ± SE time to onset of persistent isoelectric EEG was 64.3 ± 7.3 s (range 18 – 115). Mean Ptot decreased at the first epoch after cull to 50% from the pre-treatment values (Figure 4 - white dashed line). Within 30 s after impact, the mean Ptot remained lower than 30% of the pre-treatment period (normal EEG activity) and after 67.5 ± 10.8 (means ± SE) s the EEG activity was lower than 10% compared to the pre-treatment period. There was no correlation (p = 0.775) between the time to become isoelectric and the time to became lower than 10% compared to the pre-treatment period (r = 0.093). The delta power initially presented a high variation of activity up to 15 s post culling, then decreased to lower than 50% from pre-treatment values (Figure 5). Theta, alpha and beta decreased to approximately 30%, 20% and 15% from pre-treatment power, respectively by 15 s post-impact (Figure 5). A shift from high to low frequency (alpha/delta and beta/delta) was observed after concussion up to the time of isoelectric activity (Figure 6). EEG data of two piglets were removed from these analyses due to artefacts and external electrical noise.
[FIGURE 1]
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[FIGURE 4]
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[FIGURE 6]
Pathology findings
[bookmark: _Hlk42620185]Immediately after culling (while the animals were still in the tonic/clonic physical activity), the formation of a cranial hematoma at the impact site was visually observed by the change of skin color and an increase in head volume associated with hematoma formation.
Cranium radiographs (n=9) varied in the degree of damage (67 vs. 33% simple and multiple fractures, respectively; Figure 7). Most piglets had fractures in the occipital bone (56%) while 44% and 33% presented with fractures in the frontal and temporal bones, respectively. The length of the fractured edges of the breaks were on average 16 (range of 2-41 mm) and 10 mm (range of 0-29 mm) in the frontal and sagittal plane, respectively.
Bruises in the neck and shoulder regions were found in 67 and 70% of piglets, respectively. Cranial bone thickness at the site of injury was 1.0 ± 0.2 mm (means ± SE; Figure 7). There was fragmentation of the skull at the impact site in all animals and the majority of piglets presented radiating fractures (96%). On average, skulls had 2.7 ± 1.0 (means ± SE; range 0 to 6) and 4.3 ± 2.2 (means ± SE; range 0 to 9) radiating fractures and bone fragments, respectively. Cavitation and depression fractures were not observed. Fractures in the nasal bone were found in 7% of piglets.
All piglets presented damage of at least score 1 in the external evaluation of the brain (Table 1). Score 3 was the most frequent finding for external evaluation of the cerebrum (59%), mainly due to the high frequency of this score in the frontal, parietal and occipital lobe (43, 33 and 33%, respectively). Only 2 piglets (8%) presented lesions on the ventral surface of the pons. One was compressed resulting in loss of original shape and the other was lacerated on the ventral surface with loss of tissue. Less than 50% of piglets presented cerebellum lesions. Medulla was not macroscopically damaged by the concussive trauma.
[FIGURE 7]
The internal evaluation showed similar results to the external one (Table 1). Hippocampus, thalamus, corpus callosum and lateral and fourth ventricle were affected only in a few piglets (33, 19, 30, 33 and 8%, respectively). None of animals had gross damage to the third ventricle or cerebral aqueduct. Midline shift was observed in 37% of brains including thalamus and midbrain structures (Figure 8).
[FIGURE 8]
All brains presented hemorrhages with the greatest frequency of score 3 (Table 1). The majority of piglets had no detectable macroscopic hemorrhage in the pons (54 and 31% for external and internal evaluation, respectively) or medulla (48 and 37% for external and internal evaluation, respectively).
The piglet that had the shortest time to onset of isoelectric EEG and the piglet with longest time had similar skull thickness and presented brain midline shift. However, when compared the piglet that had the shortest time to onset of isoelectric EEG did not present tonic/clonic physical activity and presented a greater number of bone fragments in the skull (8 vs. 4) and had a higher damage score in the corpus callosum (deformation of regular shape vs. no damage), thalamus (deformation vs. no damage), hypothalamus (deformation of the regular shape), hippocampus (laceration vs. deformation), occipital lobe (deformation vs. laceration) and pons (deformation) than the piglet with the longest time to isoelectric EEG.
[TABLE 1]
Discussion
[bookmark: _Hlk39051314][bookmark: _Hlk36821986][bookmark: _Hlk36821836][bookmark: _Hlk42606870]In this study, failure to regain posture, immediate absence of rhythmic breathing, presence of tonic/clonic physical activity, reflexes of brainstem dysfunction and absence of EEG states associated with sensibility after injury (transitional and isoelectric) suggest that all animals were rendered insensitive  by blunt force trauma to the head. It is important to note that the study only used a single experienced operator and as such did not examine for variability between individuals. The experience of the operator was likely to be a contributing factor in the effectiveness of blunt force trauma on this farm. Similar results were reported by Wildowski et al. (2008) who found no failures for 76 piglets cullculled using blunt force trauma by seven stockpeople. However, these results are in disagreement with Whiting et al. (2011) who reported a failure rate of 12% (6/50 piglets) with hammer blunt force trauma. Walsh et al. (Walsh et al., 2017b) reported a 22% failure rate for rabbits using both striking animals’ heads with a hammer or against a rigid surface. However, the double of animals were used and included an operator effect not studied here. The authors of that study also reported that the effectiveness of culling decreases as animals’ age/weight increased (Walsh et al., 2017a). Associated with the presence of extensive bleeding from the nostrils, bruises in the neck/shoulder region and bone fractures as reported in the current study, there is a potential risk for pain, suffering and distress if the manual blunt force trauma fails to induce insensibility. This highlights the importance of training and correct performance of the technique to protect animal welfare. Duration of tonic/clonic physical activity found in this study (88.5 ± 27.6 s; means ± SE) was similar to that previously reported (68.4 ± 7.1 s) for blunt force trauma (Widowski et al., 2008). 
In the EEG analysis there were periods of movement/artefact (8 to 51 s) immediately after blunt force trauma, this principally occurred due to operator handling, delays in manual restraint, tonic/clonic physical activity (range 66 – 108 s for the EEG piglets evaluated) and manipulation during evaluation of reflexes. Due to the nature of the experiment and recording EEG on-farms this was unavoidable. Despite some periods of movement/artefact the EEG assessment demonstrates that blunt force trauma was effective in inducing severe brain dysfunction and insensibility. 
[bookmark: _Hlk42678416][bookmark: _Hlk42606361]All piglets culled by striking their heads against the floor (13/13) presented patterns of EEG activity (raw and spectral) different from patterns of normal EEG activity (pre-treatment) and as explained below were inconsistent with the maintenance of sensibility (Figure 1 and 2). These findings were confirmed by the behavior and absence of brain function reflexes observed in this study. The operator in this study was experienced, skilled and felt comfortable in performing the culling procedures. These results are in agreement with Gibson et al. (2019) who reported post stunning, patterns of transitional EEG activity prior to the onset of isoelectric activity in successfully stunned cattle. Grist et al. (2017) in piglets (3 to 10.9 kg) reported loss of visual evoked potentials post stunning using mechanical blunt force trauma. The transitional activity was previously reported to be associated with insensibility in mammalian (Blackmore & Delany, 1988; Gibson, Johnson, Murrell, Chambers, et al., 2009; Gibson, Johnson, Murrell, Mitchinson, et al., 2009; Gibson et al., 2019) and avian species (Gibson et al., 2018). The isoelectric pattern found on average at 78.2 ± 6.5 (means ± SE; range 18 – 115) s after culling is characterized by a flat EEG state, and reflects an absence of functional electrical activity. This state means a complete and near irrecoverable brain dysfunction and is followed by brain death (Bauer, 2005). There was a decrease in power across all frequency bands post blunt force trauma. However, the decrease in power occurred soonest in alpha and beta bands, with Ptot and delta power more gradually decreasing. This shift in power across frequency bands has been previously described after concussion (Otto and Short, 1991; Gerritzen et al., 2004; Benson et al., 2012). A frequency shift with the predominance of delta and theta waves over alpha and beta waves (Gerritzen et al., 2004; Benson et al., 2012) has been associated with insensibility in broiler chickens. The time for EEG activity to become lower than 10% compared to the pre-treatment period is similar to the average time to onset of isoelectric EEG determined from subjective analysis of the trace (78.2 ± 6.5 s for the piglets evaluated with EEG). It was not possible to conclude from the EEG analysis whether or not concussion was immediate, because of delays in recording an interpretable EEG after delivering the blow to the head. However, the findings from the behavioral assessment of brain function were consistent with immediate insensibility.
The almost immediate swelling resulting from hematoma formation over the skull has also been observed after blunt force trauma in piglets (±1.86 kg; Grist et al., 2018) and rabbits (Walsh et al., 2017a). Furthermore, similar to our study, brain radiographies of rabbits killed by blunt force trauma showed either limited or depressed fractures in the skull (Walsh et al., 2017a). It is helpful in interpreting the results to note that the greater frequency of damage in the occipital bone found in the present study was consistent with the high frequency of lesions found in the corresponding brain lobes. Similarly, Grist et al. (2018) found depressed factures with subdural hematoma with parts of the occipital and parietal lobes crushed. 
[bookmark: _Hlk42684522]The maintenance of sensibility depends on the interaction between brain regions, such as brainstem and cerebral cortex (Blumbergs, 1997). In this study, macroscopic damage (physical lesions) to the external and internal structures of the hypothalamus, midbrain, pons, medulla, pons, medulla, corpus callosum, third ventricle, fourth ventricle and cerebral aqueduct was either absent or only mild. However, the presence of hemorrhage in the midbrain, pons and medulla would have been linked with marked brainstem dysfunction. It is hypothesized that the higher external hemorrhage extending over the frontal, parietal, occipital and midbrain structures, relates to the acceleration and rapid deceleration forces from the concussive trauma when the head impacted the concrete. These forces presumably resulted in the rupture of blood vessels in the meninges at the impacted site (coup injury) and on the opposite side of the brain (contrecoup injury) following acceleration/deceleration and impact of the brain against the tentorium and inner surface of the cranial vault  (Oliveira et al., 2018).
[bookmark: _Hlk36893806]The method of induction of insensibility during blunt force trauma is the transferring of kinetic energy from the momentum of the swung animal to head and brain when the piglet’s head impacts against the solid object. In the literature there have been reported concerns about the lack of repeatability, accuracy and training for manual blunt force trauma (Widowski et al., 2008; Dalla Costa et al., 2019). With this method there is the significant potential for animal welfare harm associated with inappropriate practice, performing it in animals of too high weight class and operator fatigue resulting in repeatability failures due to lack of accuracy in the impact site and kinetic energy applied. When performed correctly by a competent operator on neonate piglets this method can be effective. However, there is a potential risk for compromising welfare if performed incorrectly or on piglets heavier than studied here (1.17 kg). It was not possible in the study to assess velocity at the point of impact. This was attempted, however the cameras used were not of sufficient high-speed to accurately determine velocity and resulting kinetic energy.
There is a potential risk of inducing spinal disruption and/or concussion without inflicting insensibility when there is an injury in the neck and upper thoracic regions (Blumbergs, 1997; Fong et al., 2009). Spinal disruption and/or concussion would affect responses transmitted via the spinal cord, such as postures, noxious responses, and respiratory and cardiac functions. However, these events are unlikely to have occurred in the current study as responses unrelated to spinal cord function but mediated via the brainstem, such as corneal, palpebral and jaw tension through the cranial nerves V and VII (Limon et al., 2012), were absent in all animals. If there was spinal cord concussion in the absence of brain concussion it would be expected that the responses mediated via the cranial nerves would be present while the spinal functions were absent. Furthermore, in the subset of animals that were assessed with EEG, there were no periods of normal-like EEG activity that could indicate continued sensibility during spinal disruption/concussion.
[bookmark: _Hlk39051562]Stockpeople's attitudes are negatively by on-farm animal culling practices (Rault et al., 2017; Shearer, 2018; Dalla Costa et al., 2019). Depression and remorse were the most common felling reported by stockpleople who perform the practices (Dalla Costa et al., 2019). These effects may get worst over time in piglet farms due to greater need of culling. Less experienced stockpeople (< 2 years) are more likely to have a empathic response to culling procedures (Campler et al., 2018) and, consequently suffer more the effects of the practice. However, in an another study 89% of those performing concussive cull methods reported no negative feelings after the act (Dalla Costa et al., 2019). In order to mitigate the potential for negative effects of these methods on stockpeople mental wellbeing, training and orientation session and psychological support must be provided for all operators who routinely perform these practices. Also, a rotation of the personnel responsible for performing this practice is recommended to avoid emotional exhaustion (CFMV, 2012; Spooner et al., 2014). The AVMA encourages those using manually applied blunt force trauma to the head as a euthanasia method to actively search for alternatives. 
Conclusion
Blunt force trauma applied in this study was sufficiently effective to induce extensive brain damage resulting in irreversible insensibility in neonate piglets of less than 1.17 kg. Despite this, blunt force trauma should not be promoted over more reliable and repeatable cull method such as captive bolt. Further studies are needed to investigate the effects of operator variability on the efficiency of blunt force trauma for culling neonate piglets as the operator in this study was experienced, skilled and felt comfortable in performing the culling procedures.
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Table 1. Brain and hemorrhage severity (%) in piglets following blunt force trauma (n=27 piglets).
	
	Brain damage scoresa
	 
	Haemorrhage scores (%)b

	
	Exterior brain evaluation 
	 
	Inner brain evaluation
	
	Exterior brain evaluation
	 
	Inner brain evaluation

	
	0
	1
	2
	3
	
	0
	1
	2
	3
	
	0
	1
	2
	3
	
	0
	1
	2
	3

	Brain
	0
	7
	33
	59
	
	-
	-
	-
	-
	
	0
	11
	48
	41
	
	-
	-
	-
	-

	Frontal
	22
	4
	41
	43
	
	22
	0
	41
	37
	
	0
	33
	41
	26
	
	0
	33
	19
	48

	Parietal
	15
	11
	41
	33
	
	15
	11
	44
	30
	
	4
	48
	7
	41
	
	0
	33
	37
	33

	Temporal
	15
	11
	52
	22
	
	19
	4
	48
	30
	
	7
	33
	30
	30
	
	0
	33
	30
	33

	Occipital
	15
	11
	41
	33
	
	15
	7
	44
	33
	
	0
	19
	52
	30
	
	0
	19
	37
	44

	Hypothalamus
	89
	7
	4
	0
	
	93
	4
	4
	0
	
	4
	7
	22
	74
	
	11
	4
	15
	70

	Midbrain
	89
	11
	0
	0
	
	96
	0
	0
	4
	
	0
	4
	22
	74
	
	11
	4
	15
	70

	Pons
	92
	4
	0
	4
	
	88
	0
	0
	12
	
	54
	27
	8
	12
	
	31
	31
	23
	15

	Medulla
	100
	0
	0
	0
	
	100
	0
	0
	0
	
	48
	26
	26
	0
	
	37
	33
	19
	11

	Cerebellum
	56
	7
	22
	15
	
	63
	11
	15
	11
	
	4
	30
	6
	4
	
	0
	37
	26
	37

	Hippocampus
	-
	-
	-
	-
	
	67
	7
	15
	11
	
	-
	-
	-
	-
	
	30
	22
	19
	30

	Thalamusc
	-
	-
	-
	-
	
	81
	7
	4
	7
	
	-
	-
	-
	-
	
	11
	52
	19
	19

	Corpus callosum
	-
	-
	-
	-
	
	70
	0
	22
	7
	
	-
	-
	-
	-
	
	74
	0
	0
	22

	Lateral ventriclesc
	-
	-
	-
	-
	
	67
	4
	15
	11
	
	-
	-
	-
	-
	
	30
	33
	22
	15

	Third ventricle
	-
	-
	-
	-
	
	100
	0
	0
	0
	
	-
	-
	-
	-
	
	56
	7
	11
	26

	Fourth ventricle
	-
	-
	-
	-
	
	92
	0
	4
	4
	
	-
	-
	-
	-
	
	44
	11
	11
	33

	Cerebral aqueduct
	-
	-
	-
	-
	
	100
	0
	0
	0
	
	-
	-
	-
	-
	
	33
	4
	0
	63


a0=none; 1=distortion of normal shape without destruction of brain structures; 2=laceration without destruction of brain structure; 3=partial/total destruction of brain structure. b0=none; 1=1-20%; 2=21-50%; 3=51-100%. cN=26 for damage assessment because of missing data.
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Figure 1. EEG subjective analysis (upper) and examples of EEG original traces (bottom) during brain states found before and after blunt force trauma culling (Note not a continuous trace).
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[bookmark: _Hlk42606086]Figure 2. Power spectral analysis of brain states from piglets culled using blunt force trauma (Note it is a representative figure of brain states).

[bookmark: _Hlk36739255]Figure 3. EEG subjective analysis of piglets culled by blunt force trauma (striking the head against the floor) (time point 0). White bars represent movement artefact; light grey transitional EEG; and dark grey isoelectric EEG activity. (N=13; two piglets were removed from the EEG analysis due to artefacts and external electrical noise).




Figure 4. Mean (N = 13 piglets; two piglets were removed from the EEG analysis due to artefacts and external electrical noise) and standard deviation (each 5 seconds) of percentage changes in total power (Ptot) of the electroencephalogram (EEG) of piglets before (-5 seconds) and after culling by striking the head against the floor. Note this excludes periods of movement artefact. Black line is the mean of all piglets. Dashed grey line is the exponential smoothing among periods of five seconds.

	
	

	
	


Figure 5. Mean (N = 13 piglets; two piglets were removed from the EEG analysis due to artefacts and external electrical noise) and standard deviation (each 5 seconds) of percentage changes in delta, theta, alpha and beta frequency bands of the electroencephalogram (EEG) of piglets before (-5 seconds) and after culling by striking their head against the floor. Note this excludes periods of movement artefact. Black line is the mean of all piglets. Dashed white line is the exponential smoothing among periods of five seconds. 
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Figure 6. Ratio of alpha/delta (black line) and beta/delta (grey line) and standard deviation (each 5 seconds) used to determine a shift in frequency associated with concussion.
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Figure 7. Radiographs showing fractures in cranium (a- frontal; b- frontal and occipital; c- frontal d- temporal and occipital) and pathology evaluations (e-extended bruise on the top of the head; f-subcutaneous extended bruise on the top of the head; g and h- cranium fracture extended through frontal, temporal and occipital; i- external brain showing preparation for brain surface evaluation).
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Figure 8. Examples of a brain slices with a midline shift (redline) in the frontal lobe, parietal lobe, thalamus, structures from the same piglet.
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% change from pre-treatment
Values Delta
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% change from pre-treatment
Values Theta



Mean	0.19255614839686017	0.13651980209321884	0.15131611090487568	0.15992560998554292	8.3956923244548037E-2	0.11355983123300903	0.10321580340719169	0.1176429762191028	0.10638677481397396	0.12381567319621176	0.12912395013607797	0.11252477307332467	0.11289218392899933	7.8765569797665663E-2	0.10959292978762321	9.9745393507592012E-2	0.10279529426067188	9.8320594572006537E-2	7.1990539586824692E-2	6.7940992739897649E-2	7.2078244683499937E-2	8.0390921091154727E-2	6.1884772683108227E-2	5.8894667791958032E-2	7.243367591875749E-2	6.6169010009200127E-2	0.19255614839686017	0.13651980209321884	0.15131611090487568	0.15992560998554292	8.3956923244548037E-2	0.11355983123300903	0.10321580340719169	0.1176429762191028	0.10638677481397396	0.12381567319621176	0.12912395013607797	0.11252477307332467	0.11289218392899933	7.8765569797665663E-2	0.10959292978762321	9.9745393507592012E-2	0.10279529426067188	9.8320594572006537E-2	7.1990539586824692E-2	6.7940992739897649E-2	7.2078244683499937E-2	8.0390921091154727E-2	6.1884772683108227E-2	5.8894667791958032E-2	7.243367591875749E-2	6.6169010009200127E-2	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	1	1	1	1	1	0.13741473487898467	0.34080126460169174	0.12359960156496055	5.8263410985265079E-2	0.2475603164355232	7.7504843138664431E-2	7.7565631475724553E-2	0.11360662852545315	0.2393275212819112	0.17459438604434085	0.1178266874753536	0.10402126274568586	0.10070672853125406	0.25943148972774399	0.26057405076450652	0.10149333902375757	0.19188926866640646	0.14183677831022246	0.10383461316282165	6.1278862662434867E-2	7.1367216382327847E-2	0.12091829699881602	8.3796423241183027E-2	8.2423816937978428E-2	0.10893975146225743	7.0965220879411914E-2	9.4929275221748294E-2	0.14864891798186033	0.14431599061976719	0.12162612912949156	8.4887461561084426E-2	0.10269848337956074	8.5954421238433776E-2	0.12091252172738801	0.11122048490257733	0.10244436063927495	0.10790829563705016	0.14805035592566826	0.11859138399094324	0.13964506900613718	0.12964452208146829	9.2821526578644134E-2	8.7714247758500591E-2	8.2108508645119663E-2	9.2794165762005193E-2	0.18523419492061086	9.9303743903870798E-2	0.11997250485564576	0.12177375653892621	0.16102079784537346	0.13133412721261439	8.131212192129747E-2	0.13720520128983107	0.13474750241127342	0.11110320159242947	0.12593217716353705	0.12657729202959767	0.10580812498191788	9.320306959914125E-2	0.10358477276423485	0.11138434223769902	0.10188136724902472	0.1080382341307952	0.13957220326324288	7.4413678566519731E-2	9.4832221237498474E-2	5.9459683432338449E-2	7.6489964861697179E-2	8.8632300890274476E-2	0.1199266423166177	0.12740984276846828	9.6032667599736873E-2	9.9153214646315518E-2	0.1054422816069777	9.5020899634917375E-2	0.10030144412675418	0.11059366334920577	0.10478634775569819	8.8024612671384506E-2	0.10882791244248766	0.10239328905851035	9.650250336201914E-2	9.7572108349893105E-2	0.10868065809044916	9.6308011918607245E-2	9.5419458859679313E-2	0.10269315700834414	9.2336596444199101E-2	0.10484574862920289	8.8433879728478992E-2	9.7609879523626278E-2	6.8229903206915618E-2	4.9990691238190742E-2	5.5688344236911887E-2	6.1857489086412455E-2	8.6606867080642552E-2	7.4416317818856853E-2	6.3212838927307377E-2	5.3611450786269006E-2	7.8730907877205603E-2	7.9287076746801466E-2	7.1048913378509132E-2	5.0995448780213795E-2	8.0328876634769661E-2	9.9622043798857488E-2	9.7276737769147428E-2	7.2091508412584451E-2	7.1343124173223998E-2	6.1621191301960282E-2	8.1685194128206115E-2	6.5904349040758051E-2	
% change from pre-treatment Alpha Values




Mean	0.19505738568418879	0.12113495648567026	0.13924157141440205	0.16797069619778165	0.12798907545777385	0.11829253037875161	0.14408289590025142	0.1493921463832262	0.12646210529184296	0.13095491425161535	0.10719500721110058	0.11761439644012021	0.12309471524355398	9.082299750261244E-2	8.7636835950179945E-2	8.8119906628043296E-2	8.8544749882912013E-2	8.6913339122917238E-2	9.9668263290204714E-2	9.1367872319804672E-2	7.7984241159537143E-2	7.8707024273130005E-2	6.8613041826206908E-2	8.0604452019086947E-2	8.8184416388468051E-2	8.4489211400479852E-2	7.941587671031955E-2	9.2530813637996784E-2	8.6325669552209744E-2	0.19505738568418879	0.12113495648567026	0.13924157141440205	0.16797069619778165	0.12798907545777385	0.11829253037875161	0.14408289590025142	0.1493921463832262	0.12646210529184296	0.13095491425161535	0.10719500721110058	0.11761439644012021	0.12309471524355398	9.082299750261244E-2	8.7636835950179945E-2	8.8119906628043296E-2	8.8544749882912013E-2	8.6913339122917238E-2	9.9668263290204714E-2	9.1367872319804672E-2	7.7984241159537143E-2	7.8707024273130005E-2	6.8613041826206908E-2	8.0604452019086947E-2	8.8184416388468051E-2	8.4489211400479852E-2	7.941587671031955E-2	9.2530813637996784E-2	8.6325669552209744E-2	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	1	1	1	1	1	0.22916237246320539	0.33294082426903499	0.12785989444959184	0.16163460095144733	0.15779422306668101	0.13910680494847799	0.11453138093208	6.9554845843937688E-2	0.15774487816092803	0.12473687254292762	0.12950640361581539	0.12947524366872198	0.14082109583837082	0.17166824140617448	0.16341122752309839	0.16647177285238199	0.13183684367185619	0.18401082204694452	0.19412281489462718	7.9662273263567743E-2	0.11762873935228198	0.15081696379461143	0.15135866883324445	0.1404787320451637	0.1048837409406435	0.11366045826132308	0.12770076668688929	0.13282294043725246	0.11239474556764964	0.14028938409082067	0.12785951888472899	0.15674741173066153	0.13453710200799773	0.16098106278704818	0.16737872687712158	0.12366520146422309	0.13800886928246717	0.15647296338468114	0.16143497090763806	0.13969902092264891	0.13064884755651182	0.11175894663411359	0.11682224421852888	0.13338146712741164	0.10676240750934779	0.12305336611438394	0.14268429634549934	0.13597578216586736	0.14629871912297818	0.11090947033225484	0.10484732054263664	8.8066662467736229E-2	0.11454322430192114	0.11760835841095398	9.6165226015576255E-2	0.15088290369541132	0.13422012330714617	8.7624261941825612E-2	0.11917946724064174	0.10129611553182644	0.15425023693600615	0.11878978905531667	0.10506401124263068	0.13607342345198986	9.3128834393454096E-2	0.10537388154186803	7.0370238240437283E-2	8.6578820795916472E-2	9.8663212541386255E-2	0.11935880091541924	9.479055761042568E-2	8.420267385231317E-2	6.4574240080865208E-2	7.5257907291876452E-2	0.10081381737852721	8.4831320375429176E-2	8.263623732711077E-2	7.8747804898718854E-2	9.3570353160430497E-2	9.2096198717440167E-2	9.2638854664103168E-2	9.2060327057032348E-2	8.9729656873851996E-2	7.6198712102132388E-2	7.9094723890592827E-2	7.4319577637127779E-2	7.7144751242607529E-2	0.10613521249562598	9.7872430348632064E-2	9.9785354312200467E-2	0.11834552569994693	0.11211280525202019	7.5274544865670048E-2	9.2823086321185952E-2	0.10749809833628865	0.10097421371526148	8.6000645863069283E-2	6.4449673865914284E-2	9.7916729818489631E-2	9.1575981981686108E-2	8.2650225006622308E-2	5.7262859307123444E-2	6.338982283061996E-2	9.5042316671633917E-2	9.7434345127820954E-2	6.3188668580071036E-2	8.7113777662297123E-2	8.4718429272230916E-2	6.107990072322992E-2	6.7821835911476086E-2	7.274587229484071E-2	
% change from pre-treatment
Values Beta



Ratio Alpha/Delta	2.3652182079826539E-2	8.1780669373041175E-3	5.5317883132898309E-3	2.8124635253568536E-2	2.8473015424087717E-2	5.6604250616923611E-2	8.2911202746652115E-3	3.7845965798336399E-2	7.3567027369191629E-2	0.11206387264449928	5.3436476354229524E-2	0.28216728371712679	0.20221650296050195	0.25158069787807336	0.20658542956039561	0.25128913020102162	0.21618232871713283	0.17067505088107116	0.23279838092992414	5.4863903009857995E-2	0.26361034499524505	0.26489183139796235	0.31648356191944516	0.26221650023759197	0.38563776624385915	0.26542003546383147	0.19783403272020744	2.3652182079826539E-2	8.1780669373041175E-3	5.5317883132898309E-3	2.8124635253568536E-2	2.8473015424087717E-2	5.6604250616923611E-2	8.2911202746652115E-3	3.7845965798336399E-2	7.3567027369191629E-2	0.11206387264449928	5.3436476354229524E-2	0.28216728371712679	0.20221650296050195	0.25158069787807336	0.20658542956039561	0.25128913020102162	0.21618232871713283	0.17067505088107116	0.23279838092992414	5.4863903009857995E-2	0.26361034499524505	0.26489183139796235	0.31648356191944516	0.26221650023759197	0.38563776624385915	0.26542003546383147	0.19783403272020744	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	0.14776631524240852	0.14679096607252126	0.11538113627767714	6.7247653536324004E-2	4.5316814405000572E-2	5.642477986192914E-2	1.35471562363949E-2	4.3264889756871455E-2	4.6643062180204663E-2	2.0059068294745158E-2	3.1446760495222069E-2	7.1983141004737222E-3	4.438545467799529E-2	6.3223375761384135E-2	8.2168969937807586E-3	4.1015549428162421E-2	1.6154826315679688E-2	1.860877631326005E-2	1.3719456640335406E-2	1.1274252343553101E-2	4.5939971929100355E-2	1.8722583457416453E-2	1.7802862850827758E-2	3.2346120983461894E-2	3.0704890564424148E-2	1.669583137664472E-2	1.1017007545933807E-2	1.3556714845054486E-2	2.3778208205392053E-2	3.0274020146135051E-2	3.7677436229315346E-2	4.0627356006295801E-2	4.3536509591011428E-2	5.2683190503331694E-2	5.7235252620572899E-2	2.0350744974745972E-2	5.981483276847524E-2	7.1237865214074894E-2	6.963768323524519E-2	3.8290818945781097E-2	0.10529002130353317	6.9212982983190507E-2	8.162439894661154E-2	0.12800490520700358	4.8907704072938013E-2	0.13116678990518391	0.14803188972589884	5.8777281061544222E-2	8.5661972605377321E-2	8.9948992472358102E-2	0.14077729927843458	0.15478373227366043	8.5156994328812408E-2	0.14317210014387932	0.17158081395334021	7.3946139972736288E-2	0.11186157788348126	0.14767062009156393	7.7202912012789657E-2	7.6800844758780143E-2	0.11275797213431686	0.11916507620481752	0.1517077265343646	0.19450150840519029	0.21787754406073334	0.18731621613916566	0.23130810611583616	0.21608152846237422	0.20894144187253932	0.25984527686375902	0.30660337734146076	0.16369080195411251	8.7843477362300457E-2	0.11028733836947113	0.1944689341477116	0.19062077418095141	0.15696959076132649	0.1361312323234834	0.29511995695141258	0.23253048736155907	0.21209582194301085	0.16369287502976165	0.25018310786304482	0.26424097462545126	0.22249238239116348	0.23384218673426027	0.24001577039159344	0.20675319371749826	0.21276863453528669	0.23986249746297686	0.21620886154085436	0.28138329780189519	0.19117974142351485	0.29963330001220528	0.17293349993552593	0.27866923315889008	0.3179136860688862	0.35515379929766605	0.29780437686049877	0.21626137048207855	0.16132891877708658	0.15040483171584795	0.26361121630441092	0.32544430214376768	7.279863045544771E-2	0.27481646024554035	0.24485664419672221	0.23264301927127345	0.28986728684579666	0.26534912869894001	0.40569635571529589	0.41105037057388427	0.24401110198341952	0.31988218365458332	0.28013597238249527	0.34058211163111601	0.31365768003090999	0.40932013994461425	0.40819414757655759	0.34537160747621626	Ratio Beta/Delta	2.7649125111141818E-2	2.1638504518454997E-2	3.0968954645117602E-2	0.44311482632171423	0.52898537745310992	0.17059270600227314	0.74335810674151348	0.204121187838815	0.56155310413644832	0.94783206514910534	0.15061653897560492	0.39708888314844426	0.51535437235410742	0.27733570459869383	1.042110054519586	0.82538780395283706	0.607377405898194	0.70176328309469482	0.87032887731965647	0.21106573208265719	1.076162847837302	1.003196548178493	0.90436098036077217	0.92448167414064242	1.2217965819701095	1.5189992211701329	1.0093359325204694	2.7649125111141818E-2	2.1638504518454997E-2	3.0968954645117602E-2	0.44311482632171423	0.52898537745310992	0.17059270600227314	0.74335810674151348	0.204121187838815	0.56155310413644832	0.94783206514910534	0.15061653897560492	0.39708888314844426	0.51535437235410742	0.27733570459869383	1.042110054519586	0.82538780395283706	0.607377405898194	0.70176328309469482	0.87032887731965647	0.21106573208265719	1.076162847837302	1.003196548178493	0.90436098036077217	0.92448167414064242	1.2217965819701095	1.5189992211701329	1.0093359325204694	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	0.11190903185091693	9.2851274522650323E-2	0.1939663863775016	0.15740677532503708	7.2908003569243192E-3	3.1519897949997461E-2	1.5196998691389515E-2	3.8659680271707554E-2	9.65886770327265E-2	2.7839379708000472E-2	4.937949487795551E-2	2.360949522363532E-2	0.15434030359551698	8.222247687077959E-2	2.0057099506164668E-2	0.16111724484563189	2.119508788326574E-2	3.6011563708181447E-2	2.3424287472546251E-2	3.0774477256412379E-2	0.11922797465901917	6.180402575941403E-2	0.18400556062919587	0.3223654300336401	0.19856241379767633	0.18827225217225743	0.2366405214218347	0.26448505391223048	0.30562065525380688	0.31061400037294978	0.14045755727459347	0.32138747339464968	0.28159792013651558	0.30587899359288873	0.18185661168022635	6.2825066553302986E-2	0.37987592668323183	0.47460005641066155	0.3996516994674354	0.53249968657889801	0.47022244488583265	0.40388307781941979	0.36412981363531982	0.43077580694558204	0.20316729656152482	0.46196909718821638	0.42630660108422375	0.52607482861635113	0.39459198868858053	0.47207346506998626	0.8510487206366778	0.61215695141432336	0.34987800519814349	0.55916951873370435	0.79957346380082261	0.23978284894418281	0.42902222435274956	0.4775451466586853	0.38867929746184643	0.19291750048064224	0.54275738047241329	0.39209935738696128	0.50430411475083503	0.53793041652151952	0.38891695615486832	1.1775083764127516	0.5094463171704352	0.61604840090344126	0.85947501010312333	0.74334789654867639	0.73550343420757858	0.52640726048751085	0.26504322432196253	0.42622863731800598	0.32384802872471802	0.79839322483352027	0.83035482256995297	0.65327601982694716	0.99154594175381772	0.74508019387780799	0.76866631138971797	0.4171568517586311	0.84266942060887851	1.0076961403309077	0.64630179571234991	0.87622768598734591	0.80617900695519917	0.97926522094184443	1.0047173913831169	0.65199404369950953	1.1147650495251376	1.0032147431847653	0.824679621444252	0.90342741485030098	0.61431455402187629	1.1095877156079208	1.0649973257563781	1.085065602325868	0.90110224632612856	0.71826554060829995	0.63108728290213012	0.57763786416343277	1.1916643555341127	1.3561751452373403	0.22645950960554259	0.87620497259794139	0.97380507033596153	0.78865219530602959	1.1537933999484147	0.79232485043029732	1.1125768786397248	1.3545865183889076	0.74750362550432625	1.0261302352747095	0.83040406647122533	1.0826227414166629	1.0402401023840007	1.0441815475697074	0.86592200771913652	0.89077984048567882	Post-stunning time
Ratio between frequency bands
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