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Clinically many orofacial pain complaints including trigeminal neuralgia, tooth extractions,
and pain associated with orthodontic tooth movement involve a mechanical component (i.e.,
touch sensitivity or pain with injury). Although the characteristics of clinical orofacial pain
are well described, evaluation of orofacial pain in animals is challenging. Previously,
assessments of trigeminal nerve-mediated nociceptive responses have been limited to
methods that assess processing within the brain stem [5,10,17,23], utilizing unlearned
behaviors that were elicited by mechanical sensitivity using von Frey filaments [23] or
thermal stimulation [9]. Our lab has previously reported the development of a novel thermal
operant facial testing system that provides an investigator-independent behavioral
assessment system (Fig 1A). We use operant conflict paradigms to establish a behavioral
outcome in which an animal can decide between receiving a reward and escaping an
aversive stimulus [13,18]. The current report utilizes a modification of our original operant
test system by adding a simple mechanical component. This new modification provides
investigators with an opportunity to assess both mechanical and thermal assessments of
facial allodynia, hyperalgesia, and pain using the same operant system that we developed
previously [15]. This novel mechanical behavioral assessment strategy of orofacial pain
could further provide a key step for the advancement of translational pain research, as we
now demonstrate the ability to directly assess and compare mechanical versus thermal pain
using the same outcomes.

The objective of this study was to characterize behavioral responses to facial mechanical
stimulation and to see how these responses change under conditions of inflammation and
analgesia. Since we are using an adaptation of our established thermal facial operant testing
paradigm, we also compared baseline thermal stimuli data (unpublished) collected over the
past 6 months using our standard thermal operant system, as described in detail previously
[15]. In this current study, we modified standard nickel titanium (NiTi) wires similar to
those used in orthodontics for providing tooth movement. The advantage of nickel titanium
wires is they have tremendous memory and strength, thus allowing for standardized repeated
use of the same wires. Additionally, these wires can conduct electricity, so we were able to
modify our existing cage to detect and record actual facial contacts, which is one of the keys
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to the operant testing. We examined the influence of two diameters of nickel titanium wires
(0.010” and 0.007”) on the performance of a facial reward/conflict paradigm testing system
[15,16,19]. We have previously published and presented some of this data in abstract form
[8] and this study builds on this prior work by directly comparing the effects of thermal
versus mechanical stimuli on the same operant outcome measure.

Adaptation of the operant orofacial system was accomplished by adding two horizontal rows
of NiTi wires embedded in an acrylic module that could be easily adjusted, attached and
removed from our existing operant testing boxes. Unrestrained hairless male Sprague-
Dawley rats (250-300g, Charles River, Raleigh, NC) were housed in a standard
environment. During testing, animals were placed separately in each operant cage and the
reward bottle containing diluted (1:2 with water) sweetened condensed milk solution
(Nestle, room temperature) was positioned in proximity to the cage such that the animal will
be allowed access to the reward bottle when simultaneously contacting the NiTi wires
(either 0.010” or 0.007” in diameter, (Small Parts, Lexington, KY)) with its face (Fig 1B).
Both the metal spout on the watering bottle and the NiTi wires of the faceplate was
connected to a DC power supply and, in series, to a multi-channel data acquisition module
(WinDaq Data Acq DI-710-UH, DATAQ Instruments, Inc). As with our prior thermal test,
when the animal completed the task and drank from the bottle, the animal's tongue contacted
the metal spout on the water bottle, completing an electrical circuit. The closed circuit was
registered in the computer and each spout contact was recorded as a licking event. A
separate circuit was established from the NiTi mechanical wires to the animal by grounding
the floor with an aluminum sheet for recording of facial contact events. We previously tried
unsuccessfully to use proximity sensors to detect actual facial contacts, as animals are able
to modify their strategy to accessing the reward and thus leading to potential false positive
responses. Therefore this latter facial contact circuit is critical and necessary to determine if
the animal is discouraged by the stimulus. The duration of each facial contact and the total
number of events (licking, facial contact) were recorded. During offline data analysis the
cumulative duration and frequency of events were determined for both the licking (reward)
contact data and the facial stimulus data. A licking/facial contact ratio was calculated for
each animal and presented as mean + s.e.m., as described previously [15]. When considering
this ratio in the context of behavioral pain testing, a non-nociceptive stimulus (e.g., 37°C)
typically results in a high number of licking events per single facial contact for the animal.
Under nociceptive conditions (e.g., 48°C), this ratio significantly decreases, as the animal is
only able to achieve a low number of licking events per single facial contact. Alternatively,
the animal must significantly increase the number of facial stimulus contacts to achieve the
same number of reward licking events. We compared the effects of each wire (0.007” vs.
0.010™) and neutral and hot thermal stimuli on these outcome measures.

We also examined the effect of neurogenic inflammation and opioid administration on the
performance of the operant test for each wire diameter. A capsaicin cream (0.075%,
Thomson Micromedix, CO) was liberally applied to the cheek region of lightly anesthetized
(inhaled isoflurane, 1-2%) rats and left on for 5 min to produce nociceptive sensitization
[14]. The capsaicin was then removed and the face was wiped clean with a moist paper
towel and returned to their home cage for 30 min prior to behavioral testing. The final
experiment studied the effect of morphine analgesia on performance in the operant test.
Morphine (Baxter Healthcare Corporation, Deerfield, IL) was diluted in phosphate buffered
saline pH 7.4 (PBS) and injected subcutaneously (1 mg/kg, volume of 200-250 pl) 30 min
prior to testing. All rats had ad libitum access to food and water between testing sessions and
their weights were monitored weekly but were food fasted for 16 h prior to each testing
session and trained (n=9 sessions) to drink sweetened condensed milk. This lead-in training
period was necessary to acquaint the animals with the task of locating the reward bottle.
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Statistical analysis included an unpaired t-test to compare thermal (37°C vs. 48°C) and a
paired t-test to compare mechanical (0.007” vs. 0.010”) baseline data. Additionally,
comparison of the 0.007” and the 0.010” data was performed using a one-way ANOVA with
a Dunnett’s post-test with the baseline data of each group used as the control for
comparison. All statistical evaluations were made using GraphPad Prism (v. 4.02, GraphPad
Software, San Diego, CA). Significance was set at p < 0.05.

The first outcome evaluated was to demonstrate how the thermal success ratios at 48° C and
37° C (Fig. 1C) compare with the mechanical baseline data for the 0.007”” and 0.010” wires
(Fig. 1D). Note that we utilized our database of animal experiments to yield the thermal data
(unpublished) by selecting all animals tested by our group over the past 6 months. Our
thermal operant testing system shows a significant decrease in the licking/facial contact ratio
at 48° C compared to 37° C, demonstrating a thermal pain response. Similarly, a wire
diameter of 0.010” produced a significantly decreased licking/facial contact ratio when
compared to a wire diameter of 0.007”, demonstrating a mechanical pain response of the
thicker wire relative to the thinner one. These results suggest that adaptation of our thermal
operant testing system for mechanical operant testing produces comparable results under
these stimulus conditions, thus providing a system that easily produces data for both
mechanical and thermal operant testing and makes them comparable using the licking/facial
contact ratio.

Following baseline testing, we examined the effect of capsaicin and morphine treatments on
licking/facial contact ratios using either the 0.007” or the 0.010” NiTi wires. Treatment with
capsaicin produced a significant decrease in licking/facial contact ratio compared to baseline
when the animals were tested on the 0.007” NiTi wires indicative of a mechanical allodynic
response (Fig. 2A). Morphine injection prior to testing on the 0.007” NiTi wires did not
increase the licking/facial contact ratio compared to baseline, providing further evidence that
this wire diameter is not aversive and is comparable to at the 37° C stimulus. Additionally,
we examined the effect of capsaicin treatment and morphine injection on the licking/facial
contact ratios using the 0.010” NiTi wire (Fig. 2B). Following capsaicin treatment, there was
a clear reduction in the licking/facial contact ratio outcome, but this difference was not
significant. The results may be confounded by the floor effect because of the already low
ratio observed at baseline. However, morphine treatment did significantly increase the
licking/facial contact ratio compared to baseline, suggesting that the 0.010” NiTi wires are
aversive and that the morphine provided sufficient analgesia to overcome the mechanical
pain produced by these wires.

Previous studies of orofacial pain using mechanical stimulation have relied on reflexive
behavioral tests that only address changes in brainstem neurochemistry and physiology.
Classical pain evaluation methodologies of animal models often utilize segmental reflexes
that involve links between sensory inputs and motor neurons. One advantage of reflexive
testing is that they are relatively easy to perform; however, these tests do not necessarily
measure pain [3]. Kauppila et al. have shown that tail-reflex and limb withdrawal response
can be elicited in spinalized animals [11]. Even complex, unlearned behaviors mediated by
brainstem processing such as paw licking, face-rubbing, limb-guarding, vocalization,
grooming [1,2,6,7,12,20] have been shown to be present in decerebrate animals [24].
Adaptation of these tests for the assessment of orofacial pain has been challenging and do
not provide information about higher order cerebral processing.

Operant responses involve complex behaviors and are advantageous over reflexive tests
since the animal has control over the amount of nociceptive stimulation and can modify its
behavior based on cortical processing [13,21]. Additionally, the use of a conflict paradigm
illustrates the animals’ choices between receiving a positive reward or escaping aversive
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stimuli [15,22]. There are several advantages this system provides over the traditional
reflexive mechanical tests. The first is that this system is completely investigator
independent providing a better assessment of novel therapies. Secondly, it removes
perceived investigator bias that may affect the outcome measures from investigator initiated
reflexive responses [4], which represents a major advance in preclinical testing. Lastly, this
operant system reduces stress and anticipation because the animal is unrestrained during the
testing session.

Our current study introduces a novel adaptation of our thermal operant testing system [15] to
test mechanical orofacial pain. To our knowledge, this is the first detailed written report
characterizing a novel operant system that measures both mechanical and thermal sensitivity
and this model is a natural extension of our prior studies [8,14,15,16,19]. With the two
different stimuli, one can assess the influence of mechanical versus thermal pain on operant
behavior in the context of the same experiment, and in fact, can directly compare the relative
pain across these two modalities. As can be seen in Fig. 1, the 37° C and 0.007” NiTi wires
produce relatively the same licking/facial contact ratio of ~15, while the noxious stimuli of
48° C and 0.010” produce a significant 2—3 fold decrease in this measure. These values are
consistent with our previous studies evaluating thermal sensitivity, with a 37° C stimulus
typically providing a ratio between 12-18 and hot stimuli (45-48° C) producing values of
less than 4-5 [15,19]. For these comparisons, we typically will define a known, non-
nociceptive stimulus, such as 37° C, as our baseline licking/facial stimulus value and
compare this to values obtained under nociceptive or analgesic conditions. This comparison
could be accomplished in greater detail using a dual-chambered place preference setup that
we describe previously [19]. This would be particularly useful especially in the context of
pharmacologic testing to determine if a potential analgesic is more effective for reducing
mechanical or thermal pain.

In conclusion, we demonstrate the usefulness of our operant system for assessing both
mechanical and thermal facial pain. Mechanical allodynia is a significant concern in both
acute and chronic pain conditions, as well in the post-operative surgical setting. Finding a
reliable system to evaluate mechanical sensitivity would represent a significant advancement
in the development of new analgesics. We have developed such a system that is automated,
investigator-independent, and compares with our established thermal operant system. As
seen in Fig. 1, we have an equivalent licking/facial contact ratio of ~15 for the 37° C and
0.007” NiTi wire stimuli and ~5 for the 48° C and 0.010” NiTi wire. This uniquely
demonstrates similar non-nociceptive and nociceptive outcomes to both thermal and
mechanical stimuli using the same assay. While, this may not be the case for all orofacial
pain models, in the context of neurogenic inflammatory pain induced by capsaicin, we in
fact demonstrate differentiation of mechanical allodynia and hyperalgesia based on these
different wire diameters, which is consistent with our previous study using a thermal
stimulus [14]. These data help fill a current void in animal operant orofacial pain assessment
by providing a behavioral measure that expresses physiological and cortical processing of
pain providing an assessment system which allows for the evaluation of physiological and
affective components of pain. This system provides a novel assessment of mechanical
orofacial pain and in conjunction with our previously reported thermal operant facial testing
system provides researchers with a more complete assessment of animal facial pain.
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Figure 1. Comparison of a thermal and a mechanical operant testing system

Photograph of a rat performing a thermal (A) and mechanical (B) facial operant test. In each
test, the rats’ cheeks must contact the thermode or stimulus wires in order to reach the
reward bottle containing sweetened condensed milk. Comparison of the Lick/Face contact
pain ratio for thermal (C) and mechanical (D) stimuli demonstrated that there was a
significant decrease in the Lick/Face ratio when the stimulus thermode was set at 48°C
(N=134) as compared to 37°C (N=82; ***p<0.0001). There was a similar decrease in this
ratio when comparing NiTi wires with a diameter of 0.010” (N=10) and 0.007” (N=10;
***p<0.005).
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Figure 2. Effect of capsaicin and morphine on mechanical pain sensitivity

Mechanical stimulation using the 0.007” NiTi wire showed that the capsaicin treatment
(N=4) produced a significantly reduced (*p<0.05) lick/face ratio compared to baseline
(N=10)(F,21=3.831) and no significant change following morphine treatment (N=10) (A).
Mechanical stimulation using the 0.010” NiTi wire showed that morphine (N=10) resulted in
a significantly increased (++p<0.005) lick/face contact ratio compared to baseline (N=10)
(F2,19=6.96) with no significant change following capsaicin (N=3) treatment (B). Note that
the already low lick/face contact ratio of baseline may exhibit a floor effect preventing
capsaicin treatment to drive performance lower and that 1 animal avoided contacting the
wires by pushing them down with its” paw (data not included).
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