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Abstract
We present simple method to assess dental pain in the awake rat. Using a sensitive strain gauge we
examined changes in bite strength and bite pattern in rats following dental injury. Rats with dental
injury displayed a significant reduction in mean peak bite strength and an altered bite-cluster pattern.
Both changes in the dental injury rats were reversed by an analgesic dose of morphine, and this could
be reversed with naloxone. These changes were not observed in naive control animals. This simple
method significantly improves our ability to evaluate dental pain syndromes.
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1. INTRODUCTION
It is well established that patients with dental pain have a change in biting behavior [11]. For
example, lesions involving the periodontal ligament (e.g. periapical or periodontal lesions) and
pulp pathology (e.g. pulpitis) are usually accompanied by pain to tooth percussion [13]. Khan
et al found teeth with acute periapical periodontitis or irreversible pulpitis to have a 77%
reduction in mechanical pain thresholds, which was reversed with local anesthesia [5]. This
pain has observable effects on the masticatory motor system. The pain from biting on diseased
teeth induces the masseteric inhibitory reflex, leading to a jaw opening reflex (JOR) and a
prolonged refractory period before another bite is made [9,14]. Indeed, the JOR is a well-used,
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validated measure of pain response in animals [8]. Similarly, following third molar extractions,
patients also developed a reduced maximum bite force [11].

However, for an adequate understanding of the neurological mechanisms underlying dental
pain, an animal model for dental pain is needed. Such a model would allow us to manipulate
neural pathways for the study of those pathways and treatment options. Ideally, it would be
representative of human dental pain, simple to perform, and have a consistent, graded response
by the animal that can be measured quantitatively. Several animal models have been developed.
Foong used an apparatus consisting of a cannula carefully implanted onto the rat’s incisor, and
a protective neck funnel, to apply bradykinin into the pulp of an awake rat. It produced
measurable changes in jaw movement pattern during biting. Morphine treatment reduced this
biting activity, supporting a correlation between biting activity and induced pain [4]. Sunakawa
et al similarly applied mustard oil, capsaicin, and bradykinin onto anaesthetized rats maxillary
molars, and found increased electrical activity in the masseter muscle [18], again suggesting
a functional link between dental pain and masticatory function. For this model, the rat may not
be conscious. Byers and Chudler quantified dental pain-related behavioral changes using
minimally-intrusive measurements. They demonstrated that rats displayed measurable weight
loss, decreased exploration, and increased freezing behavior on the third day following
Fluorogold implantation in the molars, [2]. And though not studying specifically dental pain,
Ro quantified orofacial muscle pain in awake rats by measuring the reduction in bite force and
bite pattern regularity following muscle inflammation [12].

We have previously shown that infraorbital nerve neuritis in the rat results in a reduced
biteforce; the onset and duration were parallel to those seen in the sensory modalities that were
tested (mechanohyperalgesia, allodynia) suggesting that biteforce reduction is an indicator of
pain [1].

We sought to develop an animal model for measuring dental pain that is relatively simple to
induce and measure in awake rats. Based on accumulated data, we hypothesized that
nociceptive input from dental and orofacial structures also induces a decrease in bite force
amplitude and an alteration bite pattern in the rat. The aim of this present study was to test that:
the quantitative assessment of rat bite force and biting pattern as a measure of experimental
dental pain.

2. MATERIALS AND METHODS
Protocol and regulations

Experiments were performed according to a protocol that was approved by the NIDCR Animal
Care and Use Committee, and also in accordance with federal law, the regulations of the
National Institute of Health, and the guidelines of the International Association for the Study
of Pain [23].

Animals and Groups
Twenty-five Adult male Long Evans Rats (350–450g) were used. Sodium Pentobarbital (50
mg/kg i.p.) was used as a general anesthetic for all surgical procedures. Rats were randomly
assigned to three following groups:

The first group consisted of 12 rats that underwent drilling of the maxillary left incisor on the
mesial surface. The drill penetrated to the pulp, resulting in a pulpal exposure.

The second group had 6 rats that underwent superficial drilling of the maxillary left incisor.
The drill passed through the dento-enamel junction, (DEJ), resulting in a dentinal exposure. If
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the pulp was inadvertently exposed, either directly or indirectly, the animal was excluded from
the study and promptly euthanized.

A third group of 7 rats underwent general anesthesia with pentobarbital anesthesia alone.

No drilling was performed on this group, which served as a control.

All the rats were euthanized 48 hours following the procedure.

Testing apparatus and Equipment
Rats were placed in a Plexiglas restraining device that exposed the animal’s snout and allowed
free movements of the jaw. Animals were allowed to spontaneously bite on a coated strain
gauge. The apparatus (20mm × 5mm × 3mm, figure 1) was calibrated to measure the bite force
using an oscilloscope. Bite force amplitudes were recorded in relation to time, forming a plot
that displayed both bite strengths and patterns (figure 2). Regarding bite patterns, we looked
specifically at the percentage of bites occurring in clusters. Bite clusters were defined as two
bites or more occurring within less than 0.5 seconds from each other. The percentage of bites
occurring in clusters was calculated for each animal. Also, for each rat, first eight bite
amplitudes were measured prior to and following surgical or anesthetic manipulation.
Measurements were taken for 10 minutes.

Time Lines and measurements
All animals were tested for bite force amplitude and bite force pattern prior to any procedure.
After baseline data was obtained, they were retested at 4 and 24 hours following the dental
procedure.

Twenty-four hours post-surgery, morphine (5mg/kg s.q.) was administered to 5 of the 12 rats
that had pulpal exposure. Bite force and bite pattern readings were again recorded one hour
after the injection. Naloxone (1mg/kg i.p.) was subsequently administered, and bite readings
were taken one hour later. The remaining rats in that group (n=7) were further tested for bite
force amplitude and pattern 48 hours following the procedure. For all three groups, 48 hours
after the dental procedure, three drilled incisors from each group were extracted under
pentobarbital anesthesia. The teeth were decalcified and paraffin-embedded, and sections
(5µm) were cut and stained with hematoxylin-eosin.

Statistical Methods
The alpha level for significance was set at 0.05. Data was tabulated and analyzed using Stat
View 5 (SAS Inc, Cary, North Carolina). For bite force measurements changes from baseline
were calculated and expressed as mean ± standard error of the mean. Changes in bite force
amplitude and percentage of bites in cluster were tested within groups and comparisons
between groups were made using a factorial analysis of variance (ANOVA) followed by a
Student Newman Keuls (SNK) pair wise comparison. For bite patterns the percentage of bite
measurements that appeared as clusters were calculated and data analyzed as above.

3. RESULTS
Baseline Results

No significant differences in the bite force amplitude and the bite force pattern were observed
between the groups at baseline. The baseline bites amplitude approached the upper level of the
device capacity.
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Bite Force Amplitude (Fig. 3)
Four hours following pulp exposure, bite force amplitude was significantly reduced to 61.9 ±
8.2 % of baseline levels in the pulp exposure group (P = 0.001). Twenty-four hours post
exposure, the bite force amplitude was 51.9 ± 9.4 % of baseline (P = 0.001). Forty-eight hours
later the bite force amplitude was 63.5 ± 11.5 % of baseline (P = 0.015). One hour following
morphine administration the bite force amplitude in the pulp-exposed group was 95.2 ± 28.6
% of baseline, which was not significantly different from the baseline value. Naloxone
administration reversed the morphine effect and reduced the bite force amplitude to 53.6 ±
12.9% of baseline (P = 0.023).

In the dentin exposure (superficial drilling) group, bite force amplitude was reduced to 71.4
±8.6 % of baseline (P=0.029) at 4 hours post-drilling. Twenty-four hours post drilling, bite
force amplitude was 74.3 ± 5.6%t of baseline (P= 0.010). At the 48 hour time point, bite force
was further reduced to 65.4 ± 8.5 % of baseline (P=0.015).

In the anesthesia-only group, there were no significant changes in bite force amplitude at the
4, 24 and 48-hour time points (115.7 ± 18.4%, 97.2 ± 15.7%, 70.4 ± 16.9% relative to baseline,
respectively).

Between-group comparisons—There were significant differences in bite force
amplitudes between groups at 4 and 24 hours following the procedure (P=0.0027, P=0.022
respectively ). Pair-wise comparison with a SNK revealed a significant difference in bite
amplitudes between the pulpal exposure group and the anesthesia-only group. This was seen
for both the 4 and 24 time-points. This was also observed between the pulpal exposure group
and the dentin exposure group at the 24 hour time-point. The dentine exposure group bite force
was not significantly reduced compared to the anesthesia-only group.

Bite Force Pattern (Fig. 4)
Prior to treatment, 96.3 ± 2.7 % of the bites in the pulp-exposed group were part of a cluster,
92.6 ± 4.9% in the superficial drilling group, and 96.9±3.1% in the anesthesia-only group.

At 4 hours post-drilling 68.9 ± 10.3% of the bites occurred in clusters (P=0.043) in the pulp-
exposed group, 76.2± 10.4 in the superficially drilled group, and 100% in the anesthesia only
group.

Twenty-four hours post-drilling 71.6 ± 9.8% of bites occurred in clusters in the pulp-exposed
group (paired t test, compared to baseline P=0.046), 87.6± 5.6% in the superficial drill group,
and 100% in the anesthesia only group were part of a cluster. Forty-eight hours post-drilling,
75.2 ± 12.5% of the bites occurred in clusters in the pulp-exposed group, 85.4± 6.1% in the
superficial drill group and 100 % in the anesthesia only group.

Between-groups comparisons—There were significant differences between groups in
the percentage of bites occurring in clusters 24 hours following the drilling (P=0.0139). Pair-
wise comparison with SNK revealed a significant difference between the pulp exposure group
and the anesthesia-only group, when comparing their changes from baseline to 24 hours post-
drilling. In the dentin exposure group, the percentage of bites in clusters were not significantly
reduced compared to the anesthesia-only group.

Histology
Light microscopic examination of hematoxylin-eosin stained sections taken from the
manipulated teeth 48 hours following the procedure revealed numerous immune cells within
the pulp tissue in the pulp-exposed teeth, including easily recognizable lymphocytes and
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granulocytes. In the superficially drilled teeth, immune cells were not detected inside the pulp
tissue.

4. DISCUSSION
Our study quantified changes in both bite force (that is, the amplitude, or maximal bite force
endurance) and bite pattern following dental injury as a possible measure of dental pain.

Bite force has been widely used as an acceptable test for masticatory system function in humans
[3,10,20]. A reduction in bite force amplitude has been demonstrated in patients with disorders
of the masticatory system, such as osteoarthritis or internal derangements of the TMJ [16,17].
This reduced bite force may return to normal levels following surgery [21]. Inflammation in
masticatory muscles also can cause a reduction in bite force, which is again returned to normal
with anti-inflammatory medications [12]. Dental pathologies such as poor periodontal and
dental conditions may also result in a reduction in the bite force amplitude [22,15].

A change in bite pattern following injury to the masticatory system has also been demonstrated,
though less extensively. Thut et al [19] showed that damage to the TMJ can cause alterations
in the biting patterns of the animal. These changes can cause wider intervals of feeding between
animals for feeding after the damage to the joint and masticatory system has been afflicted.
Experimental measures of pain in infra orbital neuritis correlates, with both a reduced bite force
and an altered bite pattern [1].

However, even in the presence of such models, bite force magnitude and pattern have not been
correlated to experimental dental pain in animal models. In the present study we were able to
detect reduced bite force amplitude and altered biting patterns following dental damage. The
results may suggest a simple method to quantify dental pain.

Drilling into the pulp chamber produced pulpal damage accompanied by pulpal inflammation,
as shown by the histological presence of inflammatory cells within the pulp at 48 hours
following the procedure. The nature of the procedure together with the histological picture
suggests pulpitis, which in humans, is clinically associated with pain to tooth percussion [6,
13]. A reflex withdrawal reaction to the pain evoked on biting, and the induction of massetric
inhibitory periods [9], may explain the reduced bite force amplitude and increased duration
between bites (altered biting pattern). The change in bite amplitude and pattern was more likely
related to acute pain, rather than direct structural damage and a resulting physical inability to
bite, because the readings returned to normal following morphine administration. Interestingly
superficial drilling into the incisors also caused a reduction in bite force at all measured time
points, but no had effect on the bite cluster pattern. We believe that the reduction in bite force
amplitude in the dentin exposure group is due to dentinal sensitivity and not ongoing pain, and
is supported by the rat’s ability to bite in clusters.

One of the major limitations of the study is the fact that in the baseline measurements the bites
amplitude approached the maximum limit of the device. Although it did not change the proof
of the concept that tooth manipulation (probably painful) reduces the bite amplitude, less robust
changes could be masked by this device limitation. For future research a more sensitive with
wider range device should be used.

Further research should assess the changes in biting patterns and amplitudes following dental
treatments (root canal therapy, periodontal treatment or surgery) followed by analgesic drug
trials. The ability to accurately quantify dental pain in the rat will contribute to our
understanding of pain mechanisms in the trigeminal territory.
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Figure 1.
The bite gauge device; the design of the bite gauge helps the rat to bite on the concaved area.
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Figure 2. Examples of bites as recorded on the monitor
A. Base line recording, prior to treatment. In this case the baseline bites amplitude approached
the upper level of the device capacity.
B. Twenty-four hours following pulp exposure, there is a reduction in bite force amplitudes
and frequencies.
C. Following administration of 5mg/kg of morphine s.c., bite force amplitude and frequency
are restored to near-baseline values.
D. Following administration of 1mg/kg naloxone i.p., bite force amplitude and frequency are
again reduced.
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Figure 3.
Effects of tooth manipulation on bite force amplitude (data expressed as percent change from
baseline). A significant (*) reduction compared to baseline was observed at 4, 24 and 48 hours
following pulp exposure (P= 0.001, 0.001 and, 0.015 respectively). Administration of 5 mg/
kg s.c. morphine returned bite force amplitudes to baseline values, an effect that was
significantly reversed by 1 mg/kg i.p. naloxone. Significant reductions were also observed in
the superficial drilling (dentin exposure) group. The anesthesia-only group showed bite force
changes that were not significantly different from baseline. Morphine was administered to 5
of the 12 rats that had pulpal exposure 24 houres following the pulp exposure, the remaining
7 rats were tested for the 48 h time point.

Khan et al. Page 10

Neurosci Lett. Author manuscript; available in PMC 2009 December 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Changes in percent of bites occurring in clusters following dental drilling. Pulp exposure caused
a significant (*) reduction at 4 and 24 hours post exposure (P= 0.043 and 0.046 respectively).
Administration of 5 mg/kg s.c. morphine attenuated this effect to baseline values; this was
significantly reversed by i.p. 1 mg/kg naloxone. In the superficially drilled group, a reduction
(not significant ) was seen at 4 hours post-drilling that returned to normal by 24 hours post
drilling. In the anesthesia only group no changes from baseline values were noted at all time
point relative to baseline. Morphine was administered to 5 of the 12 rats that had pulpal
exposure 24 houres following the pulp exposure, the remaining 7 rats were tested for the 48 h
time point.
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Figure 5.
Light microscopic photographs of hematoxylin-eosin stained sections taken from the
manipulated teeth 48 hours following the procedure. A. A section (x10) taken from the drilled
area (upper part of the picture) B. A section (x 40) taken from the pulp, note the numerous
immune cells within the tissue.
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