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Summary: In equine pain research, the Nociceptive Withdrawal Reflex (NWR) model has been proposed as an alternative to classical ther-
mal, mechanical and electrical models to investigate the physiology of nociception.  This model does not only allow a more reliable defi-
nition of the nociceptive threshold through neurophysiological characterization of the elicited response , but also consents   plotting a sti-
mulus-response curve as well as the evaluation of temporal summation mechanisms.   Aim of this report is to summarize the experience
and results obtained using the NWR model in horses over the last 15 years, firstly with the purpose of describing its physiological charac-
teristics and secondly with the  aim of evaluating its pharmacological modulation through analgesic and anaesthetic compounds. The NWR
can be elicited in horses through electrical transcutaneous stimulation of a peripheral sensory nerve and is recorded through electromyo-
graphic electrodes from the muscles involved in the withdrawal reaction. As the non-nociceptive fibres have lower threshold to electrical
stimuli than the nociceptive one, it is impossible to differentiate between the two groups on the stimulus side. So, the only guidance to
assess the quality of the stimulus and the recruitment of nociceptive afferents should rely on the characteristics of the electromyographic
response, most of all on the timing of its various components. A reflex response can be considered to be a true NWR only if it appears
within a time epoch compatible with the conduction velocity of the A� fibers. Furthermore a clearly recognizable EMG burst in the epoch
of interest has to be accompanied by a consistent aversive behavioural reaction, thus allowing the definition of a reliable NWR threshold.
Responses to stimulation intensities below and above thresholds can be quantified to draw a stimulus response curve. Furthermore, through
repeated stimulation at subthreshold intensities, it is possible to elicit the phenomenon of temporal summation, considered to be the early
phase of the wind up phenomenon and of relevant interest to study central integrative mechanisms of pain processing. Alpha-2 agonists,
opioids, systemic lidocaine, ketamine and inhalation anaesthetics have been investigated using the NWR model in horses. Drug-specific
modulation of NWR threshold, stimulus-response curves and temporal summation are summarized for each tested compound.  
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Introduction

The challenge of effectively treating equine pain has accom-
panied the long history of human-horse relationship through
the centuries. Equine athletic performance is strictly linked to a
thorough wellbeing: each form of evident clinical pain, acute
or chronic, continuous or intermittent, lowers the potential and
hence the commercial value of a horse. Orthopaedic trauma,
infected synovial structures, myositis and laminitis are typical
examples of musculoskeletal conditions that can provoke
severe pain in horses. Abdominal colics, accompanied by
characteristic behaviours, are distinctive symptoms of visceral
pain that can reach dramatic, violent intensity. Efficacious and
safe pain-relieving strategies are needed to control spontane-
ously occurring as well as perioperative pain in horses. 

The International Association for the Study of Pain (IASP) sta-
tes that pain is “an unpleasant sensory and emotional expe-
rience associated with actual or potential tissue damage, or
described in terms of such damage” (Merskey 1991). In the
absence of verbal expression and inability to communicate
the subjective feeling of pain perception, the affective, emo-
tional components of equine pain can be inferred if changes
in facial expression, appetite, posture or interactive behaviour
are noticed. Several behavioural based pain scoring methods
have been developed and validated  in the attempt to quan-
tify the complex subjective experience of pain and to help tar-
geting pain-relieving treatments in horses (de Grauw and van

Loon 2016). While in clinical settings such methods are very
useful, in the pharmacological context models of acute noci-
ception are generally applied to provide first evidence of the
antinociceptive activity of a specific compound. Nociception
is defined by the IASP as “the neural process of encoding
noxious stimuli, and does not necessarily imply pain sensa-
tion. Consequences of encoding may be autonomic, like ele-
vated blood pressure, or behavioural, like a withdrawal reflex
or a more complex nocifensive behaviour”.

In experimental settings involving horses, acute nociception
was classically elicited by thermal, mechanical or electrical
stimuli, applied continuously to the skin until a behavioural
reaction became apparent (Kalpravidh et al. 1984b, Kamer-
ling et al. 1985b, Jochle and Hamm 1986, Chambers et al.
1990). The observation of an aversive behavioural reaction
as the end point of each stimulation is a common feature of
classical acute nociceptive models, still in use nowadays (Love
et al. 2011). Pharmacological analgesia is typically defined
as the ability of the test drug to increase the tolerance to a sti-
mulus, delaying or totally deleting the onset of the nocifensive
reaction. Unfortunately these models do not allow distinguis-
hing between reactions to noxious or non-noxious stimulus
intensities, as the response is non-specific. The fact that some
commonly used analgesic drugs like alpha-2 agonists may
eliminate escape behaviours by provoking sedation and other
drugs like opioids may increase the locomotor activity as a
result of central nervous system excitation (Kamerling et al.
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1985a), has raised criticism about the validity of the results
obtained with these experimental models in horses. Further-
more, all these models merely allow the definition of a single
threshold value for each experimental condition, typically
measured as the time necessary to obtain a behavioural reac-
tion after stimulation onset. As an alternative, the Nociceptive
Withdrawal Reflex (NWR) model has been proposed to inve-
stigate the physiology of nociception and to evaluate its
modulation by analgesic and anaesthetic drugs in horses
(Spadavecchia et al. 2002, Spadavecchia et al. 2003, Spa-
davecchia et al. 2007, Rohrbach et al. 2009). This model not
only allows a more reliable definition of the nociceptive thres-
hold through neurophysiological characterization of the elici-
ted response (Spadavecchia et al. 2002), but also allows to
plot a stimulus-response curve together with  the assessment
of temporal summation mechanisms (Spadavecchia et al.
2004). Aim of this review is to summarize the experience and
results obtained using the NWR model in horses over the last
15 years. 

The physiology of the Nociceptive Withdrawal Reflex 

The nociceptive withdrawal reflex (NWR) is a polysynaptic spi-
nal reflex responsible for the nocifensive reaction to protect
the body’s integrity against a damaging stimulus. Described
first in cats by Sherrington at the beginning of the last century
(Sherrington 1910), the NWR has been extensively applied
for the study of experimental nociception in laboratory
animals (Schouenborg and Kalliomaki 1990, Leandri et al.
2011) and human beings (Schouenborg and Kalliomaki
1990, Curatolo et al. 1995, Andersen et al. 2001, Banic et
al. 2004, Neziri et al. 2010, Leandri et al. 2011).

The NWR is characterized by 3 particular features: 1) it has a
wide receptive field, from skin and muscle nociceptors; 2) it
irradiates to muscles of the entire limb and into other limbs,
evoking a crossed extension reflex in the contralateral limb
and flexion and extension movements in the other limbs, with
a possible posture-stabilizing function 3) it may suppress
other reflexes. It results from peripheral stimulation able to
activate group III and IV muscle afferent fibers and nocicepti-
ve (Ad, thinly myelinated and C, unmyelinated) cutaneous
afferent fibers, which belong to the Flexor Reflex Afferents
system and converge onto the common reflex pathways
(Lundberg 1979). Nociceptive information tends to predomi-
nate over other sensorial inputs. A nociceptive input initiates
the flexion reflex, which prevails on the on-going movements,
and promptly modifies the motor program to protect the body
against the potential tissue damage (Behrends et al. 1983).
Primary afferent input, descending inhibition and the intrinsic
excitability of neurons involved in the reflex pathway play a
role in the generation of the NWR.

Experimentally it is possible to elicit the reflex by transcutane-
ous electrical stimulation of a sensory peripheral nerve and to
record the electromyographic response from the muscles
involved in the withdrawal reaction. The nociceptive compo-
nent of the reflex appears on the EMG in a specific time win-
dow following stimulation, depending mainly on activation of
Ad fibers. Thus the nociceptive reflex can be visualized, quan-
tified and correlated to the stimulus intensity (Chan and Dal-
laire 1989).
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In human volunteers the NWR has been extensively used as a
reliable tool to define and quantify spinal nociceptive proces-
sing and as a supplement to psychophysical methods for pain
assessment (Andersen et al. 1999). The strong correlation
between evoked NWR and perceived subjective pain sensa-
tion justifies the application of the NWR in human pain rese-
arch. From early human experiments it was reported that the
repetition of a noxious stimulus leads to selective increase in
the nociceptive reflex amplitude, prolongation of the reflex
EMG discharge and progressive intensification of the percei-
ved pain. This facilitation of the nociceptive reflex response,
originating from the temporal summation of sensory inputs,
has been proposed as a tool to investigate and quantify in a
non-invasive way the physiology of central integrative and
sensitization processes in humans (Arendt-Nielsen et al.
1994). 

Eliciting and recording the NWR in horses

The NWR is typically measured in horses restrained in stocks
in standing position. A standardized posture, with symmetric
limb loading,  is crucial during measurements as the NWR is
modulated in a load dependent manner (Rossi and Decchi
1994). 

Transcutaneous electrical stimulation of a limb peripheral ner-
ve is usually applied to evoke the NWR (Willer 1977, Cura-
tolo et al. 1995). Electrical stimulation is easy to use and ade-
quate to elicit stable and reproducible reflexes, bypassing the
influence of peripheral transduction mechanisms. Stimuli are
delivered via self-adhesive electrodes, as previously described
in human experiments (Andersen et al. 1995). The electrodes
are  applied to the clipped and degreased skin over the pal-
mar (Spadavecchia et al. 2002) or plantar (Spadavecchia et
al. 2003) digital nerves, which are purely sensory nerves in
horses. They are fixed on their limbs during the entire experi-
mental session, so that the animals cannot relate any external
sign to the upcoming stimulus.

Stimulation is provided by a battery-powered, optoisolated
constant current stimulator. A standard stimulus configuration
is generally adopted for its high efficacy in eliciting nocifensi-
ve responses: each stimulus consists of 5 constant current
square-wave pulses, each of 1ms duration and delivered at a
frequency of 200 Hz (Andersen et al. 1995, Neziri et al.
2010).

The reflex response to electrical stimulation is recorded by
surface electromyography using pairs of bipolar self-adhesive
electrodes placed on muscles involved in the reflex withdra-
wal. For the forelimb, the extensor carpi radialis, the common
digital extensor, the ulnaris lateralis and the deltoid have been
evaluated, while for the hindlimb only the tibialis cranialis was
used so far. The EMG recording is performed from 100 ms
before to 400ms after the stimulus onset, resulting in a total
recording time of 500ms (Spadavecchia et al. 2002). During
the entire experimental session, flexible leads and electrodes
have to be secured with adhesive bandages to avoid displa-
cements and to prevent disturbances to the horse. Figure 1
shows a horse ready for the experimental session while figure
2 shows typical records from the deltoid muscles elicited by
increasing stimulation intensities. 
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Quantifying and defining the NWR 

Measures of timing, amplitude or energy of a reflex response
to a certain stimulus can be used for its quantification on the
EMG record (Andersen 1996). Timing is usually reported as
onset latency, the time elapsed from the stimulus onset to the
onset of the reflex, recognized on the EMG as a deflection
from the baseline. Afferents with different conduction veloci-
ties are simultaneously activated by electrical stimuli of suffi-
cient intensity so that, on the basis of their latencies, reflex
components of different origin can be recognized and quan-
tified. The first component usually observed is likely to derive
from activation of non-nociceptive fast conducting fibers, like
Ab fibers. In humans it has been commonly defined as the RII
(Willer 1977). The nociceptive component (NWR, often defi-
ned as RIII in humans) is the one deriving from activation of
Ad fibers, with an afferent conduction velocity ranging from 4
to 36m/s (Gasser and Erlanger 1927). For horses, on the
basis of experiences collected in several experiments, the
epochs 80–250ms or 40–200ms after stimulation seem the
most suitable to recognize the NWR, depending on the spe-
cific experimental settings chosen (Spadavecchia et al. 2002,
Spadavecchia et al. 2003, Risberg et al. 2014). Later com-
ponents, possibly deriving from activation of slow conducting
nociceptive C fibers, are difficult to recognize as they are con-
taminated by supraspinal reactions.  

The root-mean-square amplitude of the EMG trace over the
predefined nociceptive post-stimulation epoch has been used
to quantify the reflex size and define the NWR threshold. To
be considered an NWR, the reflex component in the epoch of
interest has to be at least 3 times the background activity
(EMG recorded before stimulus onset) (Spadavecchia et al.
2002, Spadavecchia et al. 2003) or to have a RMS amplitu-
de of at least 30µV (Risberg et al. 2014).   

In the studies object of this  review, the individual NWR thres-
hold was considered as the minimum current intensity capa-
ble to evoke a NWR, accompanied by a consistent behaviou-
ral reaction, in at least two successive stimulations of the
same intensity (Spadavecchia et al. 2002, Spadavecchia et
al. 2003). In the literature, different methods to determine the
NWR threshold have been reported. Classically, the threshold
is defined as the intensity that evokes a reflex response follo-
wing 50% of the stimuli, but percentage of 60–70% (Willer
and Bathien 1977) or 70–80% (Willer and Bussel 1980)
have been chosen by some authors. Alternatively several sti-
mulations of increasing intensities have been applied and the
threshold estimated as the average of the lowest intensities
evoking a reflex in a predetermined post-stimulation interval
(Bouhassira et al. 1994). A threshold definition similar to the
one described in horses was introduced by Andersen in
human experiments (Andersen 1996) with the aim to reduce
the number of stimuli needed and thereby the total duration
of the experimental session. Compared to previously descri-
bed values obtained with the methods of percentages, thres-
hold intensities found with these criteria were possibly higher.
If two successive stimuli of the same intensity have to evoke
the reflex, it means that nearly 100% of positive responses
have to be obtained before considering the current intensity
as threshold intensity. This method for determination of the
threshold probably allows higher reproducibility and clear-
ness of responses, fundamental whenever repeated measure-
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ments are foreseen and pharmacological threshold modula-
tion has to be tested. 

For the work with conscious non-medicated horses it appea-
red important to have experimental sessions as short as pos-
sible and reliable thresholds for further studies on pharmaco-
logical modulation. 

Temporal summation: background and experiences in
horses

Activity dependent changes in excitability of central neurons
play a fundamental role in pain hypersensitivity and develop-
ment of chronic pain (Dubner 1991). In neurophysiological
experimental settings, it was observed that repetition of a fixed
stimulus at low frequency, able to activate afferent C fibers,
results in a progressive build-up in the amplitude of the
response, recorded as action potential discharge in dorsal
horn neurons (Mendell and Wall 1965): this activity depen-
dent facilitation was defined “windup”. Windup is used as a
model of spinal neuroplasticity and central sensitization but its
neurophysiologic investigation is possible only in experimen-
tal conditions in anesthetized or spinalized animals, as inva-
sive procedures are required. In humans, temporal summa-
tion of afferent nociceptive inputs has been proposed as a
psychophysical and electrophysiological correlate of the early

Fig. 1 Horse fully prepared for starting the experiment

Fig. 2 Records from the deltoid muscle. Stimulations at A) 2mA,
B) 3mA, and C) 4 mA.
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phase of wind-up (Arendt-Nielsen et al. 1994). Similar to
wind-up, temporal summation is strongest when stimulation is
applied at C fibers strength. Nevertheless, data obtained in
animals (Sivilotti et al. 1993) and humans (Shahani and
Young 1971) indicate that it is possible to evoke central sum-
mation of both C and Ad fibers in experimental settings. The
mechanism of temporal summation is believed to involve a
prolonged discharge of wide dynamic range neurons in the
dorsal horn, which receive inputs from both Ad and C fibers.
The change in pain quality, from pure sharp pain to aching
pain, reported in humans undergoing repetitive stimulations,
suggests that C fibers mediated activity could summate with
Ad mediated activity (Andersen et al. 1994). In view of this,
the NWR attributed to activation of Ad fibers, has been pro-
posed as a noninvasive model to study and quantify aspects
of central integration in humans: a single non-noxious stimu-
lus, unable to evoke the NWR (i.e., sub-threshold), can inte-
grate causing pain and facilitation of the NWR if given repe-
atedly (Arendt-Nielsen et al. 2000). The facilitation is accom-
panied by increasing pain perception for successive stimuli of
the same intensity, indicating that a summation of sensory
inputs occurs over time. Since its first description (Arendt-Niel-
sen et al. 1994) this model has been employed extensively to
test the efficacy of analgesic drugs and procedures in humans
(Curatolo et al. 1995, Curatolo et al. 1997). Inhibition of
temporal summation has been indicated as a major goal in
pain prevention and treatment. Moreover methods to assess
temporal summation have been suggested for sensory assess-
ment in patients with sensory dysfunction in clinical settings
(Curatolo et al. 2001, Biurrun Manresa et al. 2011). 

The basic physiology of temporal summation has been eva-
luated in conscious horses using the NWR (Spadavecchia et
al. 2004). The final purpose was to define a method to study
the pathophysiology and pharmacological modulation of
central integrative processes in horses. After determination of
individual NWR thresholds, repeated subthreshold stimula-
tions can be applied to find the threshold intensity able to eli-
cit temporal summation. Temporal summation in humans is
both frequency and intensity dependent, so different frequen-
cies and intensities of stimulation were applied to find the best
settings capable of evoking summation in horses. In a first
methodological study (Spadavecchia et al. 2004), repeated
stimuli (each stimulus being a train of 5 pulses as previously
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described) were applied at the frequencies 2, 5, and 10Hz
for the forelimb and at the frequency of 5Hz for the hind limb.
At each frequency, the current intensities of 0.7, 0.8 and 0.9
times the individual NWR threshold were applied (Figure 3). 

Expecting a certain similarity with human experimental data,
temporal summation was anticipated to occur within this
intensity range. The total stimulation time was set at 2s, as in
most human experiments, and the EMG response was recor-
ded for 4s: 500ms prestimulation, 2000ms during stimula-
tion and 1500ms poststimulation (Spadavecchia et al.
2004). The experience collected over the last years indicates
that the best method to quantify the NWR facilitation consists
in the determination of the RMS amplitude of the reflex
response within the 40–200ms window following each sti-
mulus (Risberg et al. 2014). Nevertheless preliminary trials
revealed that once the summation effect is initiated, the indi-
vidual NWR can be recognized only with difficulty because of
the gross limb movement mostly accompanied by strong
generalized increase in the EMG activity. Problems in detec-
ting the precise onset of the reflex from the contamination of
the background EMG activity have been reported in humans
too, even if the volunteers were encouraged to relax between
stimuli (Arendt-Nielsen et al. 1994). Working with horses it
appears impossible to control and avoid a possible voluntary
withdrawal response following the unpleasant sensation asso-
ciated with repeated stimulation. Consequently, having rea-
ched the summation threshold, the recorded EMG response
most likely contains spinal and supraspinal (possibly cortical)
components. 

Stimulation intensity was found to affect significantly the
response amplitude during the 2s of stimulation, while pro-
bably the frequency range applied was too narrow to detect
differences among frequencies. Increasing the intensity of an
electrical stimulus recruits more Ad afferents through the
mechanism of spatial summation. During the post-stimulation
window between 2500 and 4000ms, a certain degree of
EMG activity persisted (Figure 3). This most probably reflects
the voluntary muscle activation following the end of stimula-
tion, as if the horse would still show annoyance and delayed
limb lifting (Spadavecchia et al. 2004).

From the results obtained in horses it appears that the expe-
rimental model applied to quantitatively assess temporal
summation is valid and reliable and can be used as an addi-
tional tool to assess efficacy of analgesic drugs in these spe-
cies (Spadavecchia et al. 2005, Rohrbach et al. 2009).

Behavioural reactions to electrical stimulations

In human experimental pain research the volunteer is always
asked to judge the intensity and quality of the perceived sen-
sation during stimulations (Andersen et al. 1996). Visual ana-
logue scales (VAS), numerical pain rating or pain question-
naires have been used for this purpose (Neziri et al. 2010).
In conscious animals, as in infants lacking verbal expression,
the quality and intensity of provoked sensations can only be
guessed by the investigator (Gracely 1999). In NWR equine
studies, observation and scoring of behavioural reactions to
electrical stimulations is usually performed to complement
neurophysiological data (Spadavecchia et al. 2003) and is

Fig. 3 Repeated stimulations: records from one horse. Stimula-
tion frequency: 5 Hz. Stimulation intensities: 0.7, 0.8 and 0.9 times
the individual NWR threshold intensity (×NWRt); following stimula-
tions at 0.8 and 0.9×NWRt, electromyographic activity is present
also after the end of stimulation: the horse lifted the limb many times. 
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very useful to consistently define the NWR threshold (Risberg
et al. 2014). On the basis of experimental observations, a
specific numerical scale was introduced. Each numerical sco-
re corresponded to a precise behavioural pattern. Typically,
when the first activity burst appears on the EMG record, a
sudden whole body reaction occurs (Spadavecchia et al.
2002). The described feeling of pricking pain reported by
human volunteers when the sensation starts to become pain-
ful could be responsible for such recurrent behaviour. This
type of reaction does not consistently imply the presence of a
NWR, as it could reflect a sub-threshold stimulus intensity.
Some horses lift the limb with delay, following the whole body
reaction. Following stimulations of intensities at or above the
threshold, a direct quick lifting of the stimulated limb can be
observed (Risberg et al. 2014). The scoring system applied in
equine studies was adequate to describe the pattern of reac-
tions and to detect changes related to differences in stimulus
intensity (Spadavecchia et al. 2003). Different observers were
always concordant in attributing a certain score to an obser-
ved reaction, confirming that it is easy to recognize stereoty-
pical responses to electrical stimulation in horses (Risberg et
al. 2014). When repeated stimulations are applied to evoke
temporal summation, more complex behaviours are generally
observed (Spadavecchia et al. 2004). A specific movement of
the stimulated limb with a recurrent pattern of maintained
muscle contraction is the most frequently observed reaction at
summation threshold levels, accompanied or not by slight or
moderate whole body reactions (Spadavecchia et al. 2004).
Human volunteers in similar experimental settings describe
distinct sharp pricking pain after the first 2 or 3 pulses follo-
wed by more diffuse and aching pain toward the end of the
stimulation train (Arendt-Nielsen et al. 1994). The same
could happen in horses, some starting a quick voluntary limb
flexion immediately after feeling the first prick and some reac-
ting only later with a slower maintained flexion (Spadavecchia
et al. 2004).

Pharmacological modulation of the NWR

Pharmacological modulation of a nociceptive response is
considered to occur when a certain drug is able to modify its
threshold. Analgesic activity is generally attributed to a drug
when a substantial increase in nociceptive thresholds occurs
after its administration (Le Bars et al. 2001). The NWR model
does not simply allow to precisely recognize an increase in
threshold, but it also permits to describe the pharmacologi-
cally induced changes in shape of the stimulus-response cur-
ve, providing interesting additional information compared to
classical nociceptive tests (Treede 2016). Nevertheless, as
other nociceptive tests, the NWR depends on a sensory and a
motor component. Modulation can occur potentially both at
sensory neurons or at motoneuronal level. During drug
testing, in order to distinguish antinociceptive activity from
depressed motoneuronal excitability, a monosynaptic reflex,
like the H reflex, should be monitored (Shahani 1970, Ander-
sen 1996). Unfortunately no attempts to elicit and record
monosynaptic reflexes in non-sedated horses have been
reported so far. 

In the following paragraphs the experience collected in equi-
ne pharmacological studies based on the NWR model is brie-
fly presented per class of drugs or single compounds.
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Alpha-2 agonists

Alpha-2 agonists, widely used in the equine veterinary practi-
ce for sedation and analgesia, were the first drugs chosen to
test modulation of NWR and temporal summation in horses
(Spadavecchia et al. 2005). Several authors reported about
their analgesic efficacy under experimental conditions, using
both visceral and somatic pain models (Kamerling et al.
1988, Elfenbein et al. 2009, Robertson and Sanchez 2010).
For romifidine, a commonly used alpha-2 agonist, controver-
sial results had been published (Hamm et al. 1995, Moens et
al. 2003). In order to contribute to the understanding of the
antinociceptive activity of this particular drug in horses, the
NWR model was applied for the first time in a pharmacologi-
cal study.

The main finding was that NWR and temporal summation
thresholds increased almost threefold after systemic romifidi-
ne (0.08mg/kg IV) and that this increase persisted up to
55min after drug administration, confirming the antinocicep-
tive action of this alpha-2 agonist (Moens et al. 2003). Even
if the difference was not statistically significant, it seemed that
romifidine depressed the NWR more than the temporal sum-
mation threshold. The specific effect on temporal summation
can be an important aspect of alpha-2 agonists activity, con-
sidering that these drugs have been suggested as a comple-
ment for the treatment of human chronic pain unresponsive
to conventional therapy (Eisenach et al. 1995).

Another important finding was that the relative reflex amplitu-
de in the epoch 30–80ms increased after romifidine admini-
stration, suggesting a facilitation of reflex components of
non-nociceptive origin when repeated stimulations were app-
lied (Spadavecchia et al. 2005). This could represent an elec-
trophysiological correlate of the hypersensitivity to tactile sti-
muli observed in horses receiving alpha-2 agonists in clinical
practice, known for many years and responsible for the sud-
den reactions even under profound sedation (Alitalo 1986,
Freeman and England 2000). 

Later, the antinociceptive properties of xylazine, romifidine
and detomidine, administered intravenously at sedative equi-
potent doses, were compared in a prospective, blinded, cros-
sover experimental trial using the NWR model (Rohrbach et
al. 2009). While the extent of antinociception was compara-
ble among the three drugs, the duration of the antinocicepti-
ve activity was drug specific, being longer for romifidine
(0.08mg/kg) than for detomidine (0.02mg/kg) and xylazine
(1mg/kg). Interestingly, the same was not true for sedation,
which was maximal in respect to magnitude and duration for
detomidine (Rohrbach et al. 2009).

Dexmedetomidine, the active enantiomer of the racemic mix-
ture medetomidine, is the most specific alpha-2 agonist cur-
rently available for clinical use. It is often administered as a
continuous rate infusion (CRI), either to treat painful condi-
tions or to decrease the amount of inhalation anaesthetics
during general anaesthesia (Gozalo-Marcilla et al. 2013,
Gozalo-Marcilla et al. 2015). Three escalating CRI doses (2,
4, and 6µg/kg/h) were investigated to determine which CRI
is the minimal necessary to provide consistent antinociception
in conscious horses (Risberg et al. 2014). In this study, for the
first time, nociceptive tolerance was determined besides noci-
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ceptive threshold. After the NWR threshold was defined, sti-
mulation intensity was further increased stepwise until a maxi-
mal vigorous reaction, defined as the strongest acceptable,
was elicited. Thus, two clear end points, nociceptive threshold
and tolerance, following both single and repeated stimula-
tions, were used for the evaluation of dexmedetomidine anti-
nociceptive properties. Interestingly, all CRIs were able to
increase temporal summation threshold and nociceptive tole-
rance, while only 4 and 6µg/kg/h consistently increased the
NWR threshold. Variable plasma concentrations, sometimes
below the detection limit of 0.02ng/ml, were found at the
time of testing when significant antinociception was present.
This shows that antinociceptive activity does not necessarily
accompany a specific plasma concentration, indicating that a
certain pharmacodynamic profile cannot be inferred from
pharmacokinetic data alone.

Opioids 

The increasing interest toward efficacious strategies to treat
equine pain has recently shown that opioids remain a funda-
mental class of drugs, despite the undesired side effects that
discouraged their use for decades (Clutton 2010, Gozalo-
Marcilla et al. 2015). Among opioids butorphanol, a synthe-
tic agonist-antagonist, is perhaps the most common substan-
ce used in horses. It is administered for control of acute visce-
ral pain (Kohn and Muir 1988), for preanaesthetic medica-
tion combined with alpha-2 agonists (Schatzmann et al.
2001, Taylor et al. 2016) and to treat postoperative pain
(Clutton 2010). Besides clinical reports of efficacy, results
from specifically designed experimental trials are needed to
provide objective evidence of consistent pain relief in horses.
Several experimental methods have been applied to demon-
strate the analgesic properties of butorphanol and to define
dose-response relationships in horses. While efficacy in the
reduction of acute visceral pain has been widely  recognized,
controversial results from studies based on somatic pain
models contributed to increase the uncertainty about the true
usefulness of opioids in horses. In order to evoke somatic
pain, thermal (Kalpravidh et al. 1984a, Kamerling et al.
1989) or electrical stimulations (Brunson and Majors 1987)
have been applied to obtain an aversive response considered
as the test end point. Both heat and electrical current produce
phasic pain of short duration, that is known to respond less
than tonic pain to analgesics (Le Bars et al. 2001). In case of
thermal stimulation, thermosensitive fibers are activated befo-
re nociceptive fibers, allowing a learning process to occur.
Moreover the involvement of Ad or C fibers as well as of pure
spinal or supraspinal structures depends greatly on the hea-
ting slope applied. This parameter was not controlled in the
older studies, so that a differentiation of the targets of the
drug cannot be performed. In the case of electrical stimula-
tion, a synchronous excitation of fibers of different diameter
takes place, but mainly Ab and Ad fibers are usually activated
during experiments in conscious animals (Le Bars et al.
2001). If the monitored response is purely behavioural,
nothing can be concluded about the activated pathways,
being simply an indication of a perceived unpleasant sensa-
tion that could be evoked by a non-noxious stimulus. As an
alternative, the modulation of the NWR and temporal sum-
mation has been proposed as objective method to quantify
the differential effects of butorphanol on Ab and Ad fibers
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activity and on the drug-related changes in the gain of the
nociceptive system (Spadavecchia et al. 2007, Treede 2016).

A single dose of 0.1mg·kg-1 butorphanol given systemically
did not modify the thresholds for NWR and temporal summa-
tion, confirming that Ad fiber evoked activity was not inhibi-
ted, as it was demonstrated for other opioids in previous
human and laboratory animal experiments (Jurna and Heinz
1979, Cooper et al. 1986, Strimbu-Gozariu et al. 1993,
Guirimand et al. 1995). Conversely butorphanol had detec-
table effects on parameters indicating changes in the gain of
the nociceptive system and supraspinal integration, that could
justify the clinical evidence of efficacy, even if short lived. 

Lately, as an alternative to butorphanol, buprenorphine is gai-
ning interest as an analgesic for horses (Messenger et al.
2011, Taylor et al. 2014, Love et al. 2015). As no data were
available for treatment of foals, the antinociceptive efficacy of
buprenorphine in foals was investigated using the NWR
model. A dose of 10µg/kg was administered intramuscularly
to foals aged 2 and 11 days. As for butorphanol, the best
indicator of buprenorphine antinociception using the NWR
model was the significant change in the stimulus-response
curve, particularly evident when a single stimulation paradigm
was used. Furthermore a significant effect on NWR threshold
on 2 day old foals indicated that at least some depressing
effects on Ad fibers mediated activity were also present after
buprenorphine administration. This effect could not be obtai-
ned in 11 day old foals, for reasons still to be investigated.  

Systemic lidocaine

In the last decade systemic lidocaine has become a common
component of balanced anaesthesia protocols for horses, as
adjunct to inhalants, mainly  because it reduces the MAC of
inhalant anaesthetics (Dzikiti et al. 2003, Rezende et al.
2011). Furthermore lidocaine has been shown to protect tis-
sues against ischemic and reperfusion injuries, it has anti-
endotoxemic (Peiro et al. 2010) and anti-inflammatory pro-
perties (Cook et al. 2009) and it promotes gut motility (Torfs
et al. 2009); moreover it is known to suppress development
of peripheral hyperalgesia as well as central nociceptive sen-
sitization and allodynia (Doherty and Seddighi 2010). Classi-
cally in colic horses systemic lidocaine is used intraoperatively
during laparotomies, as a slow bolus (1.5mg/kg) followed by
CRI (50µg/kg/min) or as a CRI alone (Nannarone et al.
2015). Lidocaine CRI is nowadays commonly used following
laparotomic surgery, for some days after the intervention, to
provide postoperative analgesia (Boesch 2013). It prevents
reflux and improves quality of life in the first post-operative
days. It can also be used in case neuropathic pain compo-
nents are evident or suspected (Driessen et al. 2010). In
general, care should be taken to recognize its side-effects as
muscle weakness and recumbency can occur in case of over-
dose or reduced metabolism and should not be falsely inter-
preted as worsening of the condition.

As evidence was lacking about the antinociceptive properties
of lidocaine administered alone in horses, 3 escalating doses
of intravenous CRIs of lidocaine (20, 40 and 60µg/kg/h) fol-
lowing a charging bolus were investigated in conscious hor-
ses (Risberg et al. 2014). The NWR and temporal summation
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models were applied as reported above for dexmedetomidi-
ne. While no evident sedation could be detected during the 3
CRIs, significant and sustained antinociception was found for
40µg/kg/h and above. The CRI of 20µg/kg/h was merely
able to increase the tolerance to repeated stimulations, sug-
gesting that some antihyperalgesic effects might be present
even when using very low infusion rates.  

Ketamine and S-Ketamine

Ketamine, a dissociative anaesthetic, is widely used in equine
anaesthesia as first choice induction agent. It is a NMDA
receptor antagonist useful to prevent wind-up through inhibi-
tion of glutamatergic transmission. As distribution and elimina-
tion of the drug after bolus administration are quick, it is
necessary to administer the drug as a CRI during surgery to
prolong its analgesic effects throughout the procedure, as
adjunct to inhalation anaesthesia (Gozalo-Marcilla et al.
2014) or during standing surgeries. In the postoperative phase
ketamine can be provided as a sub-anaesthetic CRI to control
severe pain. Besides providing visceral and somatic analgesia,
ketamine decreases the occurrence of opioid-induced hyper-
algesia during prolonged opioids treatment (Muir 2010).

Despite clinical evidence of ketamine analgesic effects, expe-
rimental evidence of antinociceptive activity in horses was lak-
king. The compound-specific antinociceptive activity of race-
mic ketamine and S-ketamine was evaluated when administe-
red at “equipotent” doses as CRIs in conscious ponies (Peter-
bauer et al. 2008). Ponies were administered either 0.6mg/kg
racemic ketamine (group RS) or 0.3mg/kg S-ketamine (group
S) followed by 20µg/kg/h racemic ketamine (group RS) or
10µg/kg/h S-ketamine (group S) for 1 hour. Firstly it was
observed that ketamine bolus followed by CRI could be well
tolerated by standing ponies that showed only moderate beha-
vioural disturbances, like slight ataxia and increased weight
shifting shortly after the bolus. Secondly it was found that while
racemic ketamine was able to depress the NWR both at thres-
hold and supra-threshold stimulation intensities, S-ketamine
was not, indicating that the expected equipotency of the cho-
sen doses did not include antinociception. In a following study
the efficacy of ketamine target controlled infusion in modula-
ting the NWR and temporal summation was investigated
under isoflurane anaesthesia (Levionnois et al. 2010). Stimu-
lus-response curves following both single and repeated elec-
trical stimulations were flattened during ketamine infusion tar-
geted at 2µg/ml and significant NWR and temporal summa-
tion threshold changes were found. Partial effects on both
thresholds and stimulus-response curves were still observed
70min following CRI end, showing that a certain antinocicep-
tive and antihyperalgesic activity persists beyond cessation of
ketamine administration. The results of these studies (Peter-
bauer et al. 2008, Levionnois et al. 2010) support the use of
low-dose ketamine CRI to provide antinociception in horses.

Inhalation anaesthetics

The species-specific immobilizing potency of inhaled anaes-
thetics is usually assessed determining the minimum alveolar
concentration (MAC), the ED50 anaesthetic concentration
needed to block gross and purposeful movements evoked by
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a supramaximal stimulus (Eger et al. 1965, Quasha et al.
1980). In the experimental assessment of MAC, which is an
“all or none” measure of motor output, the occurrence of
reflex movements of single body parts in response to stimula-
tion has traditionally been neglected. Recent research on
mechanisms and sites of action of volatile agents has shown
that spinal cord effects, more than brain, are responsible for
immobility (Antognini et al. 1998, Antognini and Carstens
1999, Sonner et al. 2003). Thus the interest towards graded
anaesthetic suppression of simple spinal nociceptive reflexes
at anaesthetic concentrations around MAC, as a possible
quantitative measure of spinal action, has notably grown.
First evidence of correlation between peri-MAC anaesthetic
concentrations and nociceptive reflex suppression has been
provided for laboratory animals, confirming that an objective
quantification of efficacy, besides MAC, is possible (Jinks et
al. 2003). Nevertheless some years ago, it was shown in
humans that concentrations of isoflurane well below MAC are
sufficient to completely suppress nociceptive withdrawal refle-
xes (Petersen-Felix et al. 1996), so that a peri-MAC quantifi-
cation of anaesthetic effects could not be performed. This
apparent profound discrepancy between human and animal
behaviour could suggest important interspecific differences in
the mechanisms of anaesthetic action or simply could be due
to the different experimental settings applied. 

As the NWR model described in horses is analogue to the one
applied in the human experiments, it appeared worthy to
investigate the effects of isoflurane concentrations around
MAC in equines (Spadavecchia et al. 2006, Spadavecchia et
al. 2010). The aims were first to provide further animal data
to be compared with results obtained in humans, second to
see if the NWR can be used as an additional tool to quantify
anaesthetic immobilizing potency besides MAC in this spe-
cies. Ponies instead of horses were used as their reduced size
greatly simplified the difficult procedure of mask anaesthetic
induction. The isoflurane studies, using both single (Spada-
vecchia et al. 2006) and repeated stimulation paradigm
(Spadavecchia et al. 2010), demonstrated that subtle chan-
ges in sensory-motor processing could be detected by NWR
assessment. Slight changes in isoflurane concentrations pro-
duced parallel changes in the NWR and temporal summation
thresholds, and complete suppression of NWR occurred at
concentrations able to prevent the occurrence of gross pur-
poseful movements too. These results are in agreement with
the ones obtained in laboratory animal experiments, and war-
rant further investigation on differences between animals and
humans. Moreover these studies (Spadavecchia et al. 2006,
Spadavecchia et al. 2010) show that it is possible to use
measures other than MAC to quantify the immobilizing poten-
cy of inhaled anaesthetics in equine. In future, this will allow
to compare agent-specific inhibitory potency at equivalent
peri-MAC concentrations and to study the effects of anaes-
thetic combinations.

Conclusions and outlook

Over the last 15 years, the physiological characteristics of the
NWR and temporal summation in horses have been descri-
bed and quite extensive evidence of their pharmacological
modulation has been provided. In this review, we reported the
potentialities and limitations of these models of acute pain,
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and analysed the different experimental conditions. It is worth
to remark that, besides further studies involving efficacy of
new antalgic compounds or strategies of major clinical rele-
vance in equine medicine, the NWR could be used as a com-
plementary quantitative diagnostic tool to assess clinical con-
ditions of sensory dysfunction in horses. Indeed, in the last few
years human pain research has gone in such direction, by
proposing the NWR as a method to investigate spinal noci-
ceptive hypersensitivity in chronic pain syndromes.
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Erweiterte Zusammenfassung

Das Modell des Nozizeptiven Rückziehreflexes beim
Pferd

Die Herausforderung, Schmerz beim Pferd effektiv zu behan-
deln, ist mit der langen Geschichte der Mensch-Pferd-Bezie-
hung verbunden. Effektive als auch sichere schmerzlindernde
Strategien sind notwendig um sowohl spontan aufgetretenen
als auch perioperativen Schmerz zu lindern. Um die Physiolo-
gie der Nozizeption zu untersuchen wird der nozizeptive Rück-
ziehreflex (NWR) als Alternative zu den klassischen thermalen,
mechanischen und elektrischen Modellen in der Schmerzfor-
schung des Pferdes vorgeschlagen. Dieses Modell erlaubt
durch neurophysiologische Charakterisierung der ausgelö-
sten Reaktion nicht nur eine zuverlässige Definition des nozi-
zeptiven Schwellenwerts, sondern ermöglicht auch das Plotten
einer Stimulus-Reaktion-Kurve und die Beurteilung von tem-
poralen Summationsmechanismen. Ziel dieser Veröffentli-
chung war die Zusammenfassung der Erfahrungen und
Ergebnisse erhoben über das NWR-Modell bei Pferden über
die letzten 15 Jahre, in erster Linie mit der Intention die
physiologischen Charakteristika sowie die Modulation über
analgetische und anästhetische Komponenten zu beschrei-
ben. Der nozizeptive Rückziehreflex (NWR) ist ein polysynap-
tischer spinaler Reflex verantwortlich für die nozifensive Reak-
tion zum Schutz der Integrität des Körpers gegenüber schäd-
lichen Einwirkungen. 
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In der Humanmedizin wird der NRW als zuverlässige Metho-
de zu Definition und Quantifizierung von spinalen nozizepti-
ven Prozessen und als Ergänzung zu psychophysikalischen
Methoden für die Schmerzerfassung eingesetzt. Beim Pferd
kann der NWR durch elektrische transkutane Stimulation
eines peripheren sensorischen Nerven ausgelöst und durch
Elektromyographie-Elektroden an den am NWR beteiligten
Muskeln erfasst werden. Da nicht-nozizeptive Fasern einen
niedrigeren Schwellenschwert bei elektrischen Stimuli aufwei-
sen im Vergleich zu nozizeptive Fasern ist es möglich, zwi-
schen den beiden Gruppen zu unterschieden. Somit sollte die
Beurteilung der Qualität des Reizes und der Rekrutierung von
nozizeptiven afferenten Neuronen auf den Charakteristika der
elektromyographischen Reaktion beruhen vor allen dem
Timing der verschiedenen Komponenten. Eine reflexartige
Reaktion kann nur dann als wahrer NWR angesehen werden,
wenn sie innerhalb eines Zeitabschnitts kompatibel mit der
Leitungsgeschwindigkeit von Ad-Fasern auftritt. Des Weiteren
muss in diesem Zeitbereich ein klar erkennbarer EMG-Burst
assoziiert mit einer konsistenten aversiven Verhaltensreaktion
zu beobachten sein, so dass eine Definition eines zuverlässi-
gen Schwellenwertes erfolgen kann. Reaktionen auf Stimula-
tions-Intensitäten niedriger und höher diesem Schwellenwert
können zur Erstellung einer Stimulus-Reaktions-Kurve quanti-
fiziert werden. Weiterhin ist es möglich über wiederholte Sti-
mulation mit unterschwelliger Intensität das Phänomen der
temporalen Summation auszulösen. Diese stellt mit großer
Wahrscheinlichkeit die frühe Phase des Wind up Phänomens
dar und ist von besonderem Interesse um zentrale integrative
Mechanismen des Schmerzprozess zu beurteilen. Nach
Bestimmung der individuellen NWR-Schwellenwerte können
wiederholt unterschwellige Stimulation ausgeübt werden um
die Schwellenwert-Intensität zur Auslösung der temporalen
Summation zu finden.

Unterschiedliche Analgetika und Anaesthetika wurden beim
Pferd mit dem NWR- Modell untersucht. a2-Agonisten, wel-
che in der Veterinärmedizin beim Pferd für Sedation und Anal-
gesie weltweit eingesetzt werden, waren die ersten Medika-
mente bei denen die Modulation des NWR und die temporale
Summation beim Pferd erprobt wurden. Unterschiedliche
Autoren beschrieben die analgetische Effizienz unter experi-
mentellen Bedingungen bei Verwendung von viszeralen und
somatischen Schmerzmodell. In Hinblick auf Romifidin, ein oft
eingesetzter a2-Agonist, wurden widersprüchliche Ergebnisse
veröffentlicht. Zum Verständnis der anti-nozizeptiven Aktivität
dieses Medikaments beim Pferd sollte eine pharmakologi-
schen Studie mit NWR-Modell beitragen. Das vornehmliche
Ergebnis war, dass NRW- und temporaler Summations-
Schwellenwert nach systemischer Gabe von Romifidin um
annährend das dreifache anstieg und dass dies bis zu 55
Minuten nach Verabreichung des Medikaments persistierte
und so die anti-nozizeptive Wirkung dieses a2-Agonisten
bestätigt wird. Ein weiteres prospektives, verblindetes Crosso-
ver-Experiment mit NWR-Modell verglich die anti-nozeptiven
Eigenschaften von mit sedativ equipotenter Dosis intravenös
verabreichten Xylazin, Romifidin und Detomidin. Während
der Grad der Anti-Nozizeption der drei Wirkstoffe vergleich-
bar war, war die Wirkungsdauer wirkstoffspezifisch und zwar
zeigte Romifidin eine längere Wirkdauer als Detomidin und
Xylazin. Interessanterweise konnte dies in Hinblick auf die
Sedation nicht nachvollzogen werden, die bei Detomidin in
Hinblick auf Dauer und Ausprägung am größten war. 
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Dexmedetomidin, der spezifischste a2-Agonist wird oft in
Form einer kontinuierlichen Infusion (CRI) verwendet, entwe-
der um schmerzhafte Prozesse zu behandeln oder um die
Menge der Inhalationsanästhetika während einer Vollnarkose
zu reduzieren. Wir untersuchten drei ansteigende CRI-Dosie-
rungen (2, 4, und 6µg/kg/h) um zu erfassen, welche minima-
le CRI notwendig ist um eine kontinuierliche Anti-Nozizeption
beim wachen Pferd zu gewährleisten. Alle CRIs waren in der
Lage den Schwellenwert der temporale Summation und der
nozizeptiven Toleranz zu erhöhen, doch nur 4 und 6µg/kg/h
konnte den NWR Schwellenwert kontinuierlich erhöhen. 

Das zunehmende Interesse an effizienten Strategien zur
Schmerztherapie des Pferdes hat gezeigt, dass Opioide eine
wichtige Medikamentengruppe darstellen und dies trotz der
Nebenwirkungen, aufgrund derer die Verwendung in den letz-
ten Jahren zurückgedrängt wurde. Bei den Opioiden ist
Butorphanol, ein synthetischer Agonist-Antagonist wahrschein-
lich die am häufigsten bei Pferden eingesetzte Substanz. Eine
einzelne Dosis von 0.1mg·kg-1 Butorphanol systemisch verab-
reicht verändert die Schwellenwerte von NWR und der tempo-
rale Summation nicht, so dass davon ausgegangen wird dass
die ausgelöste Ad-Faseraktivität nicht inhibiert wird, wie es
auch für andere Opioide in der Humanmedizin und bei Lab-
ortieren nachgewiesen wurde. Umgekehrt hat Butorphanol
nachweisbare Wirkungen auf Parameter, die auf Veränderun-
gen des nozizeptiven Systems und der supraspinale Integration
hindeuten. Dies kann, wenn auch von kurzer Dauer, die klini-
sche Evidenz begründen. Buprenorphin stellt als Analgetikum
für Pferde eine Alternative zu Butorphanol dar. 

Da keine Daten zur Behandlung von Fohlen zur Verfügung
stehen, untersuchten wir die anti-nozizeptive Effizienz von
Buprenorphin beim Fohlen mit Hilfe des NWR-Modells. Eine
Dosis von 10µg/kg wurde intramuskulär 2 und 11 Tage alten
Fohlen verabreicht. Vergleichbar mit Butorphanol war der
beste Indikator für die hervorgerufene Anti-Nozizeption beim
Einsatz des NWR-Modells signifikante Veränderungen der Sti-
mulus-Reaktions-Kurve. 

In den letzten Jahren wurde systemisch verabreichtes Lidocain
zur wichtigen Komponente des Anästhesie-Protokolls bei Pfer-
den. Dies insbesondere zur Erzielung einer postoperativen
Analgesie nach Laparotomie. Da die anti-nozizeptiven Eigen-
schaften von Lidocain alleine nicht validiert waren, untersuch-
ten wir bei wachen Pferden drei ansteigende Dosierungen
von intravenösen CRIs von Lidocain (20, 40 und 60µg/kg/h)
verabreicht nach einem Bolus. Während keine ersichtliche
Sedation zu beobachten war, wurde bei der Dosierung
40µg/kg/h und höhereine kontinuierliche signifikante Anti-
Nozizeption nachgewiesen. Die CRI von 20µg/kg/h war
lediglich in der Lage die Toleranz von wiederholten Stimula-
tionen zu steigern, was auch bei dieser niedrigen Dosierung
auf einige antihyperalgetische Eigenschaften schließen lässt. 

Ketamin ist ein dissoziatives Anästhetikum und beim Pferd das
Mittel der Wahl für eine Narkoseinduktion. Trotz der klinischen
Evidenz der analgetischen Wirkungen von Ketamin, existiert
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nur wenig experimentelle Evidenz in Hinblick auf dessen anti-
nozizeptive Aktivität bei Pferden. Wir beurteilten die substanz-
spezifische anti-nozizeptive Aktivität von racemischem Ketamin
und S-Ketamin bei einer “equipotenten“ Dosierung in Form
einer CRI bei wachen Ponies. Die Ponies erhielten über 1 Stun-
de entweder 0,6mg/kg racemisches Ketamin (group RS) oder
0,3mg/kg S-Ketamin (group S) gefolgt von 20µg/kg/h race-
misches Ketamin (group RS) oder 10µg/kg/h S-Ketamin
(group S). Erstens beobachteten wir, dass der Ketamin-Bolus
gefolgt von der CRI bei stehenden Ponies gut toleriert wurde
und zweitens dass racemisches Ketamin in der Lage war den
Schwellen- und Supra-Schwellenwert von NWR zu senken,
wozu S-Ketamin nicht in der Lage war. Diese impliziert dass die
erwartete Equipotenz keine Anti-Nozizeption einschließt. In
einer nachfolgenden Studie wurde die Effizienz einer kontrol-
lierten Ketamininfusion auf den NWR und die temporale Sum-
mation unter Isofluran-Vollnarkose untersucht. Stimulus-Reak-
tions-Kurven nach einzelnen und wiederholten elektrischen Sti-
mulationen waren während der Ketamininfusion bei einer
Plasmakonzentration von 2µg/ml abgeflacht und signifikante
Veränderungen des NWR und der temporalen Summation
wurden festgestellt. Diese Ergebnisse unterstützen die Verwen-
dung eine niedrig-dosierte Ketamin-CRI zur Ermöglichung
einer Anti-Nozizeption bei Pferden. 

Die Beurteilung der spezies-spezifische Immobilisierungs-
Fähigkeit von Inhalationsnarkotika erfolgt in der Regel über
die minimale alveolare Konzentration (MAC), die ED50 anäs-
thetische Konzentration, die notwendig ist, um ungerichtete
und gezielte Bewegungen, ausgelöst durch einen supramaxi-
malen Stimulus, zu verhindern. Neuere Studien zeigten, dass
Mechanismen und Wirkungsbereiche der flüchtigen Wirkstof-
fe, die für die Immobilität verantwortlich sind, eher Regionen
im Rückenmark als solche im Gehirn betreffen. Somit steigt
das Interesse an einer abgestuften anästhetischen Suppres-
sion einfacher spinaler nozizeptiver Reflexe bei Anästhetikum-
Konzentrationen im Bereich der MAC als eine mögliche
quantitative Messung der spinalen Aktion. Unsere Isofluran-
Studien mit Einzel- als auch wiederholten Stimulations-Para-
digma zeigte, dass subtile Veränderungen in der sensomoto-
rischen Verarbeitung durch die NWR-Methode nachgewiesen
werden konnten. Leichte Veränderungen der Isofluran-Kon-
zentrationen verursachen Veränderungen der Schwellenwerte
von NWR und der temporalen Summation. Eine vollständige
Unterdrückung des NWR wurde bei Konzentrationen erzielt,
die grobe gezielte Bewegungen verhinderten. Diese Studie
zeigte, dass es möglich ist, andere Parameter als die MAC zu
verwenden um die immobilisierende Wirksamkeit von Inhala-
tions-Anästhetika bei Pferden zu quantifizieren. In diesem
Übersichtsartikel beschrieben wir die Möglichkeiten und
Grenzen der Therapie-Ansätze für akuten Schmerz. Unab-
hängig von vorherigen Studien zur Beurteilung der Effizienz
neuer analgetischer Wirkstoffe kann der NWR als komple-
mentäres diagnostisches Mittel zur klinischen Beurteilung der
sensorischen Dysfunktion bei Pferden verwendet werden. 

Schlüsselwörter: Nozizeptiver Rückziehreflex, Pferd, Schmerz,
Anästhesie, Tierschutz
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