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Abstract: Orofacial neuropathic chronic pain (NCP) is frequently attributed 
to lesions caused by orofacial surgeries and dental treatments. There are 
many experimental models available to study orofacial NCP, however, many 
are extremely painful for the animal due to the amplitude of the innervated 
region. A previously proposed mental nerve constriction model, mNC, was 
used in this project. Forty Wistar rats were randomly divided into two groups: 
one group included rats with mNC (n=20), and another rats with sham 
lesions (n=20). Through the use of the fixed ratio program and the progressive 
program, a decrease of motivation for a sweet substance, caused by the 
lesion, was evaluated. The possibility of alterations in cognitive learning and 
adaptation abilities was also assessed using the go/no-go behavioral task. The 
mNC group showed low induced and spontaneously evoked pain responses, 
as well as a decrease in the motivation for sucrose, a sign of anhedonia. This 
decrease does not depend on taste processing. Finally, although no alterations 
in the learning-memory process were observed, the mNC group did show 
alterations when adapting to a new rule.
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INTRODUCTION.
Frequently, trigeminal nerve damage is attributed to surgeries and 

dental treatments.1,2 These lesions result in the development of chronic 
neuropathic pain (NCP), which considerably diminishes the quality 
of life of the patients.3 Two main emotional and cognitive sequelae 
asssociated with NCP are depression or anhedonia and the inability to 
adapt to enviromental challenges.4-8

To allow an integral therapeutic approach, all sensations, including 
pain, must be assessed from three main dimensions: the sensory 
dimension, the cognitive dimension, and the emotional or hedonic 
dimension.9 The models to study NCP are important to discover 
pathological processes and to search for targets aimed at the control 
of orofacial NCP. The use of study models seeks to reproduce pain 
dimensions for human extrapolation and translational research.10-15

The ideal study should contain: 
a) the evaluation of spontaneous and evoked behaviors associated 

with the nociceptive response, b) evaluation of the development of 
anhedonia or conducts that signal depression, and c) the development 
of cognitive deficits.

The use of chronic constriction of the mental nerve (mNC) has been 
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previously proposed as a model to study orofacial NCP 
in rats,16 but it has not been fully characterized. This 
model induces spontaneous and evoked nociceptive 
responses to a lesser extent than other models. The 
tactile allodynic response generated by constriction 
of the mental nerve is due to a smaller area being 
innervated from this branch compared to other 
branches of the trigeminal nerve. Surgical access is 
simple, so the rodent is affected to a lesser degree. 
Despite a lower degree of pain provoked than in the 
use of other models, the lesion is sufficient to generate 
anhedonia and cognitive deficits.

The aim of this study is to evaluate the lesion of the 
mental nerve as a model for the study of orofacial chronic 
neuropathic multidimensional pain.  

MATERIALS AND METHODS.
Animals
All procedures were carried out in accordance with 

the standards set by the Ethics Committee of the School 
of Higher Studies Iztacala of the Universidad Nacional 
Autónoma de México.

Fifty male Wistar rats with an initial weight of 200 
to 250g were housed in transparent polycarbonate boxes 
held in a room at 21°C under a light and darkness cycle 
of 12-12 hours. The rats were randomly divided into an 
experimental group (n=20), a control group (sham) (n=20) 
and a group of 10 of rats that were left intact.

This last group (intact rats) was only used for the 
evaluation with mechanical stimulation to rule out the 
effect of an apparent surgery (sham) on the development 
of allodynia and hyperalgesia.

Chronic constriction of the mental nerve
A unilateral dissection was performed on the facial skin 

above the edge of the mandible, between the first molar 
and the incisor, and in front of the insertion of the masseter 
muscle to expose the mental nerve. Once localized, its 
constriction was achieved by a ligation performed with 
5-0 catgut sutures. Subsequently, the incision was sutured.  

In the rats of the control group, the same incision was 
made. However, the mental nerve was observed without 
performing any type of ligation, and the incision was 
sutured as well. Both surgeries were performed only on 
the right side.  

Evaluation of orofacial spontaneous responses 
The rats were individually placed in transparent plastic 

boxes with mirrors on their back walls and were recorded 
for 10 minutes. The recordings were analyzed with a 
double blind method to evaluate spontaneous orofacial 
responses, differentiating them from grooming behavior.11

Mechanical hypersensitivity test
Five von Frey filaments (10, 15, 26, 60 and 100gf ) were 

applied to the areas innervated by the mental nerve and 
the responses were categorized on a previously proposed 
scale 0 to 4.11 The stimuli were applied bilaterally and 
upwards. 

Self-administration of sucrose 
The animals were deprived of water at the beginning of 

the experiment until the stimulus-response behavior was 
obtained, a reward of a 10% sucrose solution was obtained 
at the response by pressing a lever. 

The tests were performed in operant conditioning 
chambers using Med-PC automated software (MED 
Associates Inc., USA). Fifteen days following the lesion 
procedure, the rats were deprived of water for 12 hours, 
then placed in operant conditioning chambers for 40 
minutes in a fixed ratio (FR) program, during which they 
received reinforcement after a fixed number of responses 
(a certain number of responses corresponded to a reward). 
The rats had a 40-minute training session in a FR2 program 
(2 responses for a reward) during 2 days, followed by 2 
days in a FR 5 program. Then, the sessions were changed 
to progressive ratio (PR2),17 increasing the number of 
required responses after each reinforcement given. The 
next day, PR5 was performed for the same length of time. 

Preference for two bottles
The experiment consisted of placing two drinkers for 

each rat: one with water and the other containing a 10% 
sucrose solution. This experiment was carried out having 
ad libitum consumption of water and food, performing 
measurements after 24, 48 and 96 hours, and in sessions of 
20 minutes. After 24 hours of consumption, the position 
of the bottles was changed.

Self-regulation model (go/no-go)
The rats, which were deprived of water for 12 hours, 

were placed in the operant chambers and exposed to 
two tasks. An adaption of the go/no-go task was used to 
measure self-regulation.18 The task lasted 24 minutes and 
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was divided into 3-minute cycles during which the front 
light of the chamber was on (“on” cycles) interchanging 
with cycles of the same duration in which the light was off 
(“off” cycles), starting with the light on cycles .

The animals received a reward (one drop of 10% sucrose 
solution) for each four responses. They were rewarded only 
when the front light of the chamber was lit.  

Reverse learning
To evaluate the ability to learn a new rule, the rats did 

a task called reverse learning, which consisted of the same 
elements as the go/no-go task. However, in this task the 
rats were only rewarded when the front light was off, not 
when it was on. This process was performed in 5 sessions.

Statistical Analysis
MatlabR2017a® (MathWorks, USA) was used to analyze 

the data. The statistical tests used for the analysis were: the 
t-test of independent groups, the one-way ANOVA and 
the Tukey test and Student’s t-test. Significance was set at 
p<0.05 for all behavioral tests. 

The coefficient of variation 2 was calculated as follows: 
CV2_IPI =[2(IPI2–IPI1)/(IPI2+IPI1)], where IPI is the 
interval between the responses.

RESULTS.
Figure 1 shows the results of the evaluation of the sen-

sory dimension after mNC.
Figure 2 shows the evaluation of the hedonic dimen-

sion of orofacial pain induced by mNC. 
Figure 3 shows the evaluation of learning processes 

associated with the adaptation to a new rule.

Figure 1.  Evaluation of the sensorial dimension after mNC.

A. The nociceptive response (Score 0-4) to the application of different forces (grams-force) and in different post-surgical days is shown.
B. Graphic representation of spontaneous orofacial grooming (yellow lines) of the control group (upper panel) and mNC group (lower panel), 
the data are organized rat by rat for post-surgery day 6.
C. Cumulative sum of orofacial grooming time at post-lesion days -1, 3, 6, 10 and 15 for the control group (left panel) and experimental group 
(right panel), being the maximum peak of spontaneous grooming on day 6, after which the grooming gradually decreases.
*p<0.05; **p<0.001.
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Figure 2.  Evaluation of the hedonic dimension of orofacial pain induced by mNC.

Figure 3.  Evaluation of learning processes associated with the adaptation to a new rule.

A. mNC produces a decrease in sucrose motivation in the fixed and progressive ratio programs (FR, FR2, FR5, PR2 and PR5) compared to the control group.
B. Latency to the first response in the behavioral session.
C. Average in the time interval between responses.
D.  Calculation of coefficient of variation 2 of response interval; the left panel represents the mNC group and the right panel the control group (sham), the temporal pattern of 
responses is very similar and independent of the number of them.
E. Preference Index for sucrose at different concentrations in the test protocol of two bottles.
*p<0.05; **p<0.001.

A. Histogram of responses during interval On and Off, before (right) and after (left) of 
mNC. Both groups develop learning from the go/no-go rule.
B. Rule inverse to initial go/no-go for 5 days. A decrease of correct answers in the mNC 
group following the new rule is observed.
* p<0.05; ** p<0.001
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DISCUSSION.
The study of pain requires models that replicate the 

sensory, emotional and cognitive demands. The search for 
these behavioral correlates at experimental level is one of 
the most important challenges of the biomedical sciences. 
This would allow the application of specific therapies and 
the search for therapeutic targets to control orofacial pain 
integrally.19

Most models of orofacial NCP are based only on 
motor reflexes associated with tactile stimuli.10,11,15 In 
other models of trigeminal lesions, particularly of the 
infraorbital branch; the analysis of evoked responses is 
also used as a sign of spontaneous pain. It is necessary 
to observe both the evoked and spontaneous responses 
following the neuropathic lesion for the analysis of the 
sensory dimension.  

In the mNC model, the responses observed to be 
induced by the application of forces directly to the 
skin of the rat were sufficient to generate nocifensive 
responses, compared to a previous report in which the 
level of response was much lower.11 This is due to the 
fact that the mental nerve innervates a small area of 
the orofacial region; therefore, the degree of pain is 
likely to be less. Consequently, the use of this model to 
study the cognitive or emotional alterations induced by 
chronic constriction of the mental nerve is acceptable 
after 15 days,  at which time spontaneous grooming in 
no longer present.  

The pain will not influence variables, so a recovery 
period of 15 days following the lesion is proposed. Using 
this model, the motivation for a sweet sucrose solution to 

study the development of anhedonia was measured. Two 
reference points were taken: the first was the “latency 
point”, which is the time it takes the rat to press the lever 
for the first time in each experiment; the second was the 
so-called “break point”, which is defined as the number of 
responses at the end of the experiment, before the rats stop 
responding for a fixed period of time. The justification 
for this measure is that the break point is presumed to 
reflect that the effort required to obtain the next reward 
has become too large, so the rats stop responding.17

It was observed that the group with trigeminal lesion 
presented lower motivation to obtain a sweet solution and 
did not depend on changes in gustatory perception or 
motor response.

Finally, deficiency in environment adaptation plays a 
very important role in pathophysiology or orofacial pain 
among the cognitive capacities. Using an adaptation of 
the go/no-go task previously used for infraorbital nerve 
lesion, it was observed that learning and memory were 
not altered by the mental nerve lesion.18 This study added 
the learning of a new rule in this study model, observing, 
however, that 5 days after the learning of the new rule the 
mNC group could not adapt completely compared to the 
control group. 

In this article, the use of tools for the study of orofacial 
NCP was proposed. This model was gentler for the 
rodents, as it was less invasive and generated a lower 
degree of spontaneous and provoked pain. It also allowed 
the study of the affective and cognitive dimension of pain 
for subsequent studies for therapeutic alternatives applied 
to the control of orofacial NCP.
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