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Abstract

Odontogenic pain can be debilitating, and nonopioid analgesic options are limited. This randomized placebo-controlled clinical trial
aimed to assess the effectiveness and safety of cannabidiol (CBD) as an analgesic for patients with emergency acute dental pain. Sixty-one
patients with moderate to severe toothache were randomized into 3 groups: CBD10 (CBD 10 mg/kg), CBD20 (CBD 20 mg/kg), and
placebo. We administered a single dose of respective oral solution and monitored the subjects for 3 h. The primary outcome measure
was the numerical pain differences using a visual analog scale (VAS) from baseline within and among the groups. Secondary outcome
measures included ordinal pain intensity differences, the onset of significant pain relief, maximum pain relief, changes in bite force within
and among the groups, psychoactive effects, mood changes, and other adverse events. Both CBD groups resulted in significant VAS pain
reduction compared to their baseline and the placebo group, with a maximum median VAS pain reduction of 73% from baseline pain
at the 180-min time point (P < 0.05). CBD20 experienced a faster onset of significant pain relief than CBD10 (15 versus 30 min after
drug administration), and both groups reached maximum pain relief at 180-min. Number needed to treat was 3.1 for CBD 10 and 2.4 for
CBD?20. Intragroup comparisons showed a significant increase in bite forces in both CBD groups (P < 0.05) but not in the placebo group
(P> 0.05). CBD20 resulted in a significant difference in mean percent bite force change in the 90- and 180-min time points compared to
the placebo group (P < 0.05). Compared to placebo, sedation, diarrhea, and abdominal pain were significantly associated with the CBD
groups (P < 0.05). There were no other significant psychoactive or mood change effects. This randomized trial provides the first clinical
evidence that oral CBD can be an effective and safe analgesic for dental pain.
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Introduction patients will fill an opioid prescription after a dental pain-
related ED visit (Roberts et al. 2020). To minimize the opioid
crisis, health care providers need access to alternative nonopi-
oid analgesics to manage dental pain.

Cannabinoids could be promising opioid alternatives.
Indeed, states with medical and adult-use marijuana laws have
demonstrated a 5% to 8% reduction in opioid prescriptions for

Ngnetheless, this.type of pain is primarily acute.:. When it i,s Medicaid enrollees (Bradford and Bradford 2017). Clinical
mild to moderate in strength, it can be managed with nonsteroi- trials on cancer and chronic and neuropathic pain have used

dal anti-inflammatory drugs (NSAIDs), such as ibuprofen, or tetrahydrocannabinol (THC) combined with cannabidiol

acetaminophen (APAP), with success (Moore and Hersh 2013). (CBD), the 2 primary compounds of cannabis, with successful
However, certain patients with health limitations cannot take outcomes (Nurmikko et al. 2007; Lynch et al. 2014).

NSAIDs or acetaminophen, or these analgesics may not be as
effective in specific patient cohorts (Harirforoosh et al. 2013;
Bruno et al. 2014; Hartling et al. 2016; Major et al. 2016).

In patients who require alternatives to NSAIDs and APAP,
synthetic opioids (e.g., hydrocodone, oxycodone) are typically
the following line of defense (Moore and Hersh 2013). In a ;UT_Heal_th San Antonio, School °f Dentistry, Sa‘_" Antonio, TX, USA
study, dentists were among the top 10 prescribers of opioids, BU"'VerS'tsy of Texfas at San Antonio, San Antonio, TX, USA
often prescribed for emergency pain and pain persisting after Rutgers School of Dental Medicine, Newark, N|
dental procedures (Levy et al. 2015; Steinmetz et al. 2017). A supplemental appendix to this article is available online.

Other data suggest a 30% chance of getting opioids after a Corresponding Author:
standard dental procedure such as tooth extraction or root canal V. Chrepa, Rutgers School of Dental Medicine, Newark, NJ.
treatment (Steinmetz et al. 2017). Furthermore, 40% to 42% of Email: vanessa.chrepa@rutgers.edu

Dental pain is a prevalent and often incapacitating health con-
cern (Lipton et al. 1993; Pau et al. 2003). Toothache represents
the number one most “avoidable” emergency department (ED)
visit concern, defined as a visit that did not receive care and
patients were discharged home (Hsia and Niedzwiecki 2017).

Nonetheless, their combined use as analgesics is still limited as
THC is psychoactive and illicit per federal law.
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Table 1. Inclusion/Exclusion Criteria.

Inclusion Criteria

Exclusion Criteria

Healthy adults 18-75y old, ASA class | or Il

Permanent tooth with moderate to severe odontogenic pain (i.e., 230 on
a 100-mm VAS)

Clinical pulpal diagnosis of irreversible pulpitis or pulpal necrosis and
periapical diagnosis of symptomatic apical periodontitis

Test negative for recent cannabis use and/or other drugs of abuse
including alcohol (urine tests collected at screening visit)*

Participant able to understand the forms (English or Spanish) and provide
informed written consent

ASA class Ill or IV, patients with hepatic impairment, pregnant® or

lactating women

Patients on drugs metabolized by enzymes that also metabolize CBD

(e.g., clobazam, diazepam, topiramate, warfarin)®

Self-reported prior experience inhaling cannabis (either via smoking or

vaporization)

Use of opioids in the month prior to screening/treatment visit and/or

NSAIDS or acetaminophen 6 h prior to treatment

Unwilling to participate

ASA, American Society of Anesthesiologists; CBD, cannabidiol; NSAID, nonsteroidal anti-inflammatory drug; VAS, visual analog scale.

Pregnancy test will be performed at the screening visit.

®Epidiolex is metabolized by CYP3A4 and CYP2CI9 and has the potential to inhibit CYP2C8, CYP2C9, and CYP2C19 at clinically relevant

concentrations; therefore, we chose to avoid potential drug interactions.

‘Cannabis trials often present with high placebo effect. Cannabis-naive subjects are thus proposed to minimize this effect as well the possibility of

tachyphylaxis.

Conversely, CBD is nonpsychoactive and nonaddictive and
has shown promising results as an analgesic alternative
(Babalonis et al. 2017). In preclinical models, CBD has dem-
onstrated analgesic and anti-inflammatory action (Schuelert
and McDougall 2011; Ward et al. 2014; De Gregorio et al.
2019). Limited clinical evidence suggests CBD’s analgesic
efficacy against peripheral neuropathy and chronic pain
(Notcutt et al. 2004; Capano et al. 2020; Xu et al. 2020). More
than 100 clinical trials actively pursue CBD as an analgesic
alternative for various pain disorders (clinicaltrials.gov). To
our knowledge, there are no published clinical data using CBD
as an analgesic for acute dental pain. This study aims to assess
the effectiveness and safety of a Food and Drug Administration
(FDA)—-approved CBD drug against emergency dental pain in
a phase ITA proof-of-principle study. We hypothesized that
CBD would provide a minimum of 30% pain reduction from
the preoperative measurements for patients with an emergency
toothache. This effect size is comparable to 400 mg ibuprofen
for acute odontogenic pain (Taggar et al. 2017).

Materials and Methods
Study Design

This study was an investigator-initiated triple-arm, phase IIA,
randomized placebo-controlled trial with double masking (par-
ticipant, outcomes assessor). The study population consisted of
adult patients 18 to 75 y old, presenting at the UT Health School
of Dentistry, San Antonio, Texas, with moderate to severe
odontogenic pain, defined as >30 mm on a 100-mm visual ana-
log scale (VAS). Table 1 presents the inclusion and exclusion
criteria. The institutional review board approved the study
(IRB HSC20200305H, ClinicalTrials.gov NCT04642404).
Appendix Figure 1 represents the Consolidated Standards of
Reporting Trials (CONSORT) checklist. All eligible subjects
signed informed consent before the initiation of the study.

Intervention Drug

Epidiolex is an FDA-approved CBD oral solution derived from
the cannabis plant, approved for the treatment of epileptic sei-
zures in specific rare and severe syndromes in patients 2 y of
age and older (Devinsky et al. 2016; Devinsky et al. 2017). The
drug comes as an oil-based oral solution in a 100-mg/mL bottle
(100 mL) with a maximum recommended dose of 20 mg/kg/d
(Greenwich Biosciences 2018). The use of this drug in our
trial met all the requirements for an exemption from an FDA
Investigational New Drug approval (Holbein 2009). The phar-
maceutical company GW had no participation in the design
and conduction of this trial, nor did it provide any funding or
material support.

Study Arms

Subjects had to test negative for 12 controlled substances to
proceed with enrollment (urinalysis; DrugConfirm, Confirm
BioSciences). Female subjects also submitted a negative preg-
nancy test. Patients who satisfied all eligibility criteria were
randomly assigned to one of the following groups:

Group CBD10: CBD (drug: Epidiolex, 100 mg/mL) 10-mg/kg
single dose

Group CBD20: CBD (drug Epidiolex, 100 mg/mL) 20-mg/kg
single dose

Group placebo: placebo (drug: placebo)

The 20-mg/kg dose is the maximum recommended daily dose
from the manufacturer (Greenwich Biosciences) and the FDA.
Placebo drug was a 10-mL 1:1 compounded mix of commer-
cial sesame oil and ORA Sweet solution (Perrigo) to produce a
similar taste, texture, and color as the drug.
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Randomization and Bhnd’ng Table 2. Patient Demographics.
A block randomization design using the R software was per- Group
formed with blocks of 6 to allow 2 permutations of each inter- Characteristic CBDI0 CBD20 Placebo P Value
vention within the block, and the treatment allocation ratio was
1:1:1 among the groups. We then imported the randomization N 20 20 2!
. he REDC f Vanderbilt Uni . Age, y >0.05
seq.uen'ce .1nt0 the ap so twa're (Vanderbilt University), Mean 44.6 44.75 431
an institution-based secure electronic data capture software for SD 12.66 1.6l 16.78
the data collection (Harris et al. 2021). The groups were entered Sex, n >0.05
as A (i.e., CBD10), B (i.e., CBD20), and C (i.e., placebo) in Female 13 16 I
REDCap, keeping the subject and the outcome assessor blinded Male 7 4 10
to group allocation. Each subject received a random allocation Ra;le, ”k . 5 0 >0.05
letter at the time of baseline data collection before the interven- ack
i h id h t blinded to the treatment grou Hispanic ' 6 16
tion. The provider, who was no . . group, Hispanic/Native 0 0 |
prepared the allocated drug into a measuring cap in a different White 5 2 4
treatment room, away from the subject, and then had the sub- Tooth type, n >0.05
ject drink the medicine and a cup of water. The moment of drug Anterior 3 I 0
administration was defined as time 0 min. Molar 12 15 16
Premolar 5 4 5
. . Weight, kg >0.05
Intervention and Data Collection Mean 9437 87.71 92.43
Study data were collected before drug administration (baseline Bosdl)? mass index 21.04 2221 227 20,05
[BL]) and a}t 7 subsequent tim@ .point's (15,' 30, 45, §0, 90,’ 120, Mean 335 3332 3232
and 180 min) after drug administration (time 0 min) during a SD 6.42 6.63 55

3-h total observation period (Appendix Fig. 2). The 3 h was
selected based on the reported Tmax (2.5 h) for Epidiolex
(Greenwich Biosciences). Ibuprofen 600 mg (or acetamino-
phen/codeine 650/60 mg, if a contraindication for ibuprofen
existed) was provided in the 3 h as a rescue medication if
needed, and it was recorded. Subjects were encouraged to wait
at least 60 min after administration of the drug study before
consuming any rescue medication (Daniels et al. 2018).

Subjects were recalled within 1 wk (7-d time point) to cap-
ture any additional side effects.

Patient demographics (age, sex, race, tooth number, weight,
and body mass index) were collected. The data collection
instruments included the VAS (0-100 mm), a pain intensity
assessment questionnaire, a bite transducer to measure the bite
force (Newton), psychoactive and mood change question-
naires, and a questionnaire on adverse events (AEs). The VAS
was a nonnumbered scale from 0 to 100 mm, with 0 defined as
“no pain” and 100 defined as “worst pain ever had.” For pain
intensity, the subjects were asked to answer the following
question: “Compared to your pain levels before you entered
the study, how would you rate your tooth pain level at the
moment?” The responses were categorized as toothache
“reduced,” “similar,” or “increased.” The digital bite trans-
ducer is a previously validated instrument used to assess
changes in the bite forces (N) before and after the intervention
(Alelyani et al. 2020). The study included the Bowdle ques-
tionnaire (13 questions assessing drug high, alterations in
internal perception, and alterations in external perception) to
depict psychoactive changes (van de Donk et al. 2019). The
Bond and Lader mood scale (16 scales assessing alertness,
contentment, and calmness) was used to assess mood changes
(Zuurman et al. 2008). Finally, subjects answered a question-
naire on common AEs and reported any other side effects that

There were no significant differences among the groups (analysis of
variance and xztests, P values).

were not listed. Common side effects from much higher doses
(1,500-6,000 mg single dose) included diarrhea, nausea, head-
ache, dizziness, and somnolence (Taylor et al. 2018).

Outcomes

The primary outcome measure was the VAS pain differences
from baseline within and among the groups at each time point.
Secondary outcome measures included pain intensity differ-
ences, the onset of significant pain relief (intragroup analyses
of time points compared to baseline, P < 0.05), the maximum
pain relief, changes in bite force within and among the groups,
psychoactive effects, mood changes, and other adverse events.
Subjects reported self-reported pain relief duration and time-
to-next analgesic at the follow-up visit.

Sample Size and Data Analysis

Based on available literature, we considered that a minimum
30% reduction of pain would be clinically relevant (Farrar
et al. 2000; Cepeda et al. 2003). In order to achieve 80% power
to detect 30% reduction in pain (99% control vs. 69% test
group participants with pain 230/100 on a VAS scale), we used
a 2-sided z test at a = 0.025 (adjusted for multiple comparisons
to control) and we calculated the sample size at 20/group.
Mixed-model analyses were used for intragroup compari-
sons for the numerical variables among the different time
points (VAS, bite force, Bowdle, Bond/Lader questionnaires),
the onset of significant pain relief, and the time of maximum
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Figure I. CBD reduced the dental pain and increased the bite force in patients presented with emergency toothache. (A) Median visual analog scale
(VAS) pain scores per time point for all groups. Arrows indicate the onset of significant pain score differences from baseline (BL) for the cannabidiol
(CBD) groups. Asterisks depict significant differences from the placebo group. Mixed-model analysis, “time point” (P<0.001), “Group * Time Point”
(P=0.0013), and “Group” (P=0.55). (B) Median percent change from BL. The dotted line represents a 50% reduction in BL pain. Maximum pain relief
occurred at 180 min after CBD administration in both CBD groups, significantly different from the placebo. Placebo also experienced pain relief with
a maximum of 33% median pain reduction from BL pain. Asterisks depict significant differences from the placebo group. Wilcoxon test for intergroup
comparisons, P<0.05. (C) Box plots depicting median bite force (Newton) scores per time point for all groups. Both CBD groups noted a significant
increase in bite force at 90 and 180 min compared to BL, while placebo group changes were not significant. Mixed-model analysis, “time point”
(P<0.001), “Group * Time Point” (P=0.28), and “Group” (P=0.19). (D) Mean percent bite force change normalized to baseline. Asterisks depict
significant change in CBD 20 mg/kg compared to the placebo group (t test each pair per time point, P<0.05).

analgesia. The Bowdle and Bond/Lader questions were first
analyzed individually. Then data from questions were pooled
for each effect category (i.e., “drug high,” “internal percep-
tion,” “external perception,” “calmness,” “mood,” and “alert-
ness”). Following testing of the interaction term between time
and group in the mixed-model analysis, intergroup compari-
sons between the placebo and the experimental groups were
performed when appropriate using parametric and nonpara-
metric post hoc tests (Holms—Bonferroni adjustment) follow-
ing the assessment of data normality (Wilk—Shapiro normality
tests). Numbers needed to treat (NNTs) were calculated for
both CBD doses—namely, the number of patients needing
treatment before 1 patient experiences a minimum of 50% pain
relief. Categorical variables (pain intensity and AEs) were ana-
lyzed with y? tests. JIMP software (JMP) was used for the sta-
tistical analysis.

9 < EENNTS

Results

We assessed 130 subjects for eligibility and enrolled 64 partici-
pants in the study (Appendix Fig. 3). Most reasons for exclu-
sion included previous opiate or cannabinoid use and
unwillingness to participate. Of the 64 participants, 3 partici-
pants were excluded from the data analysis due to unrealistic
VAS results (n = 2) and <30/100 BL VAS pain (n = 1). VAS
results were deemed “unrealistic” when subjects reported com-
plete pain relief (VAS = 0) within the first 15 min of the study.
The final sample size per group was as follows: CBD10, n =
20; CBD20, n=20; and placebo, n =21 (Appendix Fig. 3). The
average age (mean, SD) of the participants was 44 + 13.7, with
65.5% females and 34.5% males. Hispanic/Latinos corre-
sponded to most of the study population (68%), followed by
11% of Whites/Caucasians. Age, sex, race, tooth type, weight,
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Figure 2. The frequency of “Pain Reduced” category significantly increased with time in both CBD groups. Pain intensity assessment for (A) placebo,

» 2

(B) CBD 10mg/kg, and (C) CBD 20 mg/kg. Pain categories compared to baseline (BL) pain: “pain increased,” “pain similar,” and *“pain reduced,”
tests, P<0.05. (D) Number needed to treat (NNT) for a 50% reduction in BL pain for the experimental groups. CBD, cannabidiol.

and body mass index (BMI) were equally distributed among
the 3 groups (Table 2, P> 0.05). All subjects completed the 3-h
observation period without requesting rescue pain medication.
Median (interquartile range [IQR]) VAS pain scores at BL
were 63 (51.5,79.5) for CBD10, 69 (59, 76.25) for CBD20, and
63 (51.7, 73.5) for the placebo (Fig. 1A). At the 180-min time
point, VAS pain scores (median; IQR) were CBD10 (21; 1, 38),
CBD20 (20; 4.5, 39.2), and placebo (48; 13, 58.7) (Fig. 1A).
CBDI10 experienced the onset of significant pain relief in
30 min after drug administration, and CBD20 experienced the
onset of significant pain relief in 15 min after drug administra-
tion compared to their BL VAS measurements (Fig. 1A, P <
0.05). The pain continued to decline in both CBD10 and CBD20
groups, reaching a 50% reduction at the 60-min time point for
CBD20 and 120-min time point for CBD10 (Fig. 1B). Both
CBD groups experienced a maximum median pain reduction of
73% from the BL at the 180-min time point, with CBD10
median pain being 27% (IQR, 1.26%, 47.5%) of the BL pain
and CBD20 median pain to be 27% (IQR, 10%, 58%) of the BL
VAS pain (Fig. 1B). The placebo group experienced a maxi-
mum of 33% pain reduction from BL (P < 0.05), with a median
VAS pain of 67% (41%, 91%) of BL at the 180-min time point.
Intergroup comparisons showed that both CBD groups pro-
duced significant pain relief compared to the placebo group
(P < 0.05) at 180 min for CBD10 and 120- and 180-min time
points for CBD20 (P < 0.05). Finally, a subset of subjects

(n = 42/61) responded to the questions regarding pain relief
duration after the observation period and the time they took
their next analgesic during their follow-up visit, with no signifi-
cant differences among the groups (P > 0.05, Appendix Table 1).

For CBD10, bite force (N) (median; IQR) was significantly
increased from BL (61; 42.5, 100), to the 90-min time point
(86; 56, 135), to the 180-min time point (80; 68, 135) (P <
0.05, Fig. 1C). For CBD20, bite force (N) (median; IQR) was
significantly increased from BL (53; 32.5, 60), to the 90-min
time point (59; 35.7, 78.7), to the 180-min time point (66; 43,
82) (P < 0.05, Fig. 1C). There were no significant differences
in bite force between the time points in the placebo group.
When bite forces were normalized to BL measurements for
each group (percent change from BL), intergroup comparisons
showed a significant difference in CBD20 mean percent bite
force change in the 90- and 180-min time points compared to
the placebo group (P < 0.05, Fig. 1D).

Pain intensity assessment showed that an increase in the
“pain reduced” category in the CBD groups was significantly
associated with an increase in time (P < 0.001). In contrast,
there was no significant association between pain intensity and
time points for the placebo group (P = 0.0521, Fig. 2A-C).
NNT was 3.1 for CBD10 and 2.4 for CBD20 (Fig. 2D).
Importantly, VAS numerical scale was significantly associated
with the pain intensity categorical variable (simple logistic
regression, P < 0.001).
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Table 3. Adverse Events Reported within the 3-h Observation Period and after the Observation Period at the 7-d Follow-up Visit.

CBDIO, CBD20, Placebo, 12, CBDIO, CBD20, Placebo, 1
Side Effects n (%) n (%) n (%) P Value n (%) n (%) n (%) P Value
n 21 20 23 18 18 22
Time Point 3h 3h<t<7d
CNS disorders
Somnolence 3(14.2) 3 (15) | (4.3) >0.05 I (5) 0 | (4.5) >0.05
Convulsion (seizure) 0 0 0 >0.05 0 0 0 >0.05
Ataxia (impaired coordination) 0 0 0 >0.05 0 0 0 >0.05
Pyrexia (fever) 0 0 0 >0.05 0 0 0 >0.05
Sedation 6 (28.5) 3 (15) 0 0.01 1 (5) 0 0 >0.05
Abnormal behavior 0 0 0 >0.05 0 0 1 (4.5) >0.05
Headache 2 (9.5) | 0 >0.05 0 0 0 >0.05
Psychomotor hyperactivity 0 0 0 >0.05 0 0 0 >0.05
Gastrointestinal disorders
Decreased appetite 2 (9.5) 1 (5) 0 >0.05 0 0 0 >0.05
Nausea 1 (4.7) 0 0 >0.05 1 (5) 0 0 >0.05
Diarrhea 1 (4.7) 4 (20) 0 0.03 2(1) 3 (l6.6) 0 >0.05
Vomiting 0 I (5) 0 >0.05 0 2 (1) 0 >0.05
Abdominal pain 1 (4.7) 4 (20) 0 0.03 0 4(22.2) 0 0.006
Respiratory disorders
Nasopharyngitis 1 (4.7) 0 0 >0.05 0 0 0 >0.05
Pneumonia 0 0 0 >0.05 0 0 0 >0.05
Infectious disorders
Viral infection 0 0 0 >0.05 0 0 0 >0.05
Pharyngitis streptococcal 0 0 0 >0.05 0 0 0 >0.05
Gastroenteritis viral 0 0 0 >0.05 0 0 0 >0.05
Rash 0 0 0 >0.05 0 0 0 >0.05
Fatigue 3(14.2) 4 (20) I (4.3) >0.05 I (5) 2 (1) 0 >0.05
Other
Dry mouth 1 (4.7) 0 | >0.05 0 0 0 >0.05
Anxiety 0 0 0 >0.05 0 0 0 >0.05
Paresthesia (tingling) | (4.7) 0 I (4.3) >0.05 0 0 1 (4.5) >0.05
Hot flashes | (4.7) 0 0 >0.05 0 0 | (4.5) >0.05
Angina (chest tightness) 1 (4.7) 0 0 >0.05 0 0 0 >0.05
Double vision 0 0 1 (4.3) >0.05 0 0 | (4.5) >0.05

y2tests, P < 0.05.
CNS, central nervous system.

Regarding the safety outcomes, there were no statistically
significant differences between and within the groups for psy-
choactive (Bowdle questions) or mood change effects (Bond/
Lader questions) (P > 0.05, Appendix Table 2). Analysis of the
AE questionnaire showed that CBD10 was 14 times more
likely to experience sedation (i.e., calmness, relaxation, or
sleepiness) compared to the placebo group within the 3 h (P <
0.05). The CBD20 group was 10 times more likely to experi-
ence diarrhea and abdominal pain and 8 times more likely to
experience sedation than the placebo group within the 3 h (P <
0.05, Table 3). Abdominal pain was also significantly associ-
ated with CBD20 after the 3-h observation period but resolved
within the same day (P < 0.05, Table 3).

Discussion

The results from this randomized clinical trial demonstrate
the analgesic effectiveness of a pure CBD drug (Epidiolex,
GW) for managing acute toothache. To our knowledge, this
is the first randomized clinical trial testing CBD for

managing emergency dental pain. Importantly, Epidiolex (the
only FDA-approved CBD compound) has been recently
descheduled, allowing more accessible prescriptions for
patients in the US, although it is not currently approved for use
in dental pain management.

CBD10 and CBD20 had a similar analgesic profile, with a
fasted onset of significant pain relief shown in the higher dose.
Interestingly, CBD10 appears to achieve lower raw VAS scores
for the time points of 30 to 90 min compared to CBD20, pos-
sibly due to the small sample size and the high variability
among the subjects (Fig. 1A). When the raw VAS scores were
normalized to the baseline scores in Figure 1B, the percent
pain reduction from BL shows the CBD dose effect more
clearly, with the CBD20 achieving a higher, although not sig-
nificant, percent pain reduction for the first 120 min. Another
observation is that the female/male ratio was 2:1, which agrees
with the findings that women experience increased pain sensi-
tivity (Bartley and Fillingim 2013). Although sex was not sig-
nificant among the groups, a more balanced sex distribution
was observed in the placebo group compared to the CBD
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groups, and it is possible that inflated pain relief was observed
in the placebo group.

Dental patients who cannot receive NSAIDs or acetamino-
phen due to underlying medical conditions or allergies have no
alternatives to avoid opioid prescriptions to achieve pain relief.
Reported NNT for ibuprofen 400 to 600 mg was 2.5 to 2.7
(95% confidence interval [CI], 2.0-4.2), and ibuprofen
200 mg/APAP 500 mg was 1.6 (95% CI, 1.5-1.8) (Derry et al.
2009; Moore et al. 2015). Furthermore, the reported NNT of
oxycodone 10 mg/APAP 650 mg, a standard dental prescrip-
tion, was 2.3 (95% CI, 2.0-6.4) (Moore et al. 2015). Notably,
NNT was 3.1 for the CBD 10 mg/kg and 2.4 for the CBD
20 mg/kg, which falls in the reported range of NNT for ibupro-
fen and oxycodone/APAP combination for acute dental pain.
Our results indicate that a single dose of CBD is as potent as
current analgesic regimens and can manage emergency dental
pain effectively.

Reduced bite force can negatively affect masticatory effi-
ciency and compromise a patient’s nutrition and quality of life
(Fujimoto et al. 2020). Patients with pulpal and periapical dis-
case will likely experience reduced biting threshold and
mechanical allodynia on the affected tooth and the contralat-
eral side (Alelyani et al. 2020). In a previous study, researchers
measured the bite force on patients who underwent third molar
extractions and received ibuprofen or placebo postsurgery
using a numerical scale to record the pain provoked by biting
on the ipsilateral side. They found that ibuprofen significantly
increased biting forces compared to placebo (Norholt et al.
1998). In contrast, a more recent placebo-controlled study
using the same bite force transducer used in our study showed
that ibuprofen did not significantly change the mechanical
thresholds of teeth presenting with apical periodontitis and that
the effect was similar to placebo (Read et al. 2014). Our study
showed that both CBD doses led to significant intragroup dif-
ferences in bite forces. CBD 20 mg/kg had a significant overall
effect compared to placebo, suggesting that CBD can improve
tooth function when mechanical allodynia is present.

Last, a single dose of CBD did not produce any significant
psychoactive or mood effects. Sedation was associated with both
doses, a side effect that was previously reported, and it is on the
Epidiolex label (Greenwich Biosciences 2018). The incidence of
sedation was high in epilepsy studies initially but started to
diminish with subsequent doses as patients became more used to
the drug (Devinsky et al. 2017). Furthermore, reported sedation
is associated with calming, anxiolytic, and not drowsy effects
(Shannon et al. 2019). This is justified by CBD’s strong affinity
for the serotonin (5-HT)1A receptor and limited affinity to can-
nabinoid receptors (De Gregorio et al. 2019). Such findings sup-
port the safe use of Epidiolex for dental patients, as more than 1
dose of analgesics is typically required to manage dental pain.
Abdominal pain and mild diarrhea are commonly reported AEs
on the drug label. In our study, after the first few incidents of
diarrhea, we started giving participants loperamide (Imodium,;
J&J), which alleviated their symptoms.

Important limitations due to the small sample size include
the inability to explore age- and sex-related differences. Also,

factors known to affect pain perception, like preexisting
chronic pain and other social and psychological factors, were
not assessed but will be considered in our next steps toward
developing a larger-scale phase III clinical trial.

This study showed for the first time that pure CBD could
provide more than 70% analgesia to patients with emergency
dental pain and increase their bite force during the analgesic
effect while maintaining a safe drug profile with minimal side
effects. This novel study can catalyze the use of CBD as an
alternative analgesic to opioids for acute inflammatory pain
conditions, which could ultimately help to address the opioid
epidemic.
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