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Background: Despite the widespread use and sales of cannabidiol (CBD) products in the United States, there is a paucity of lit-
erature to evaluate its effectiveness, safety, or ideal route of administration for postoperative pain.

Purpose: To evaluate the potential analgesic effects of buccally absorbed CBD in patients who have undergone arthroscopic
rotator cuff repair (ARCR).

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: This was a US Food and Drug Administration–sanctioned, multicenter, placebo-controlled, randomized, double-
blinded trial conducted in patients undergoing ARCR. Patients aged from 18 to 75 years undergoing ARCR were prospectively
enrolled and randomized to the control and experimental groups. The experimental group received an oral, buccally absorbed
tablet containing 25 mg of CBD 3 times a day if \80 kg, or 50 mg of CBD 3 times a day if .80 kg, for 14 days postoperatively,
while the control group received an identical placebo. Patients were followed up on days 1, 2, 7, and 14, and visual analog scale
(VAS) for pain scores, opioid consumption, and satisfaction with pain control were recorded. Additionally, liver function tests were
conducted on days 7 and 14 to assess safety, and nausea was monitored. P \ .05 was considered to be statistically significant.

Results: Overall, 100 patients were recruited, with 1 patient being excluded, for a total of 99 patients. There were no significant
differences in patient demographics between the 2 groups. On day 1, the VAS pain score was significantly lower in the CBD group
than in the control group (4.4 6 3.1 vs 5.7 6 3.2, respectively; P = .04), although this difference was no longer present on day 2
(4.7 6 2.8 vs 5.3 6 2.6, respectively; P = .32). On both days 1 and 2, patient satisfaction with pain control was significantly higher
in the CBD group than in the control group (day 1: 7.0 6 3.0 vs 5.6 6 3.7, respectively [P = .04]; day 2: 7.3 6 2.5 vs 6.0 6 3.3,
respectively [P = .03]). The quantity of opioids consumed was low in both groups, and there were no statistically significant differ-
ences in opioid consumption (P . .05). On days 7 and 14, there were no statistically significant differences in VAS scores, opioid
consumption, or patient satisfaction with pain control between the CBD and control groups (P . .05 for all). There were no sig-
nificant differences in liver function test results postoperatively (P . .05).

Conclusion: Buccally absorbed CBD demonstrated an acceptable safety profile and showed significant promise in the reduction
of pain in the immediate perioperative period after ARCR compared with the control. Further studies are currently ongoing to con-
firm dosing and effectiveness in other orthopaedic conditions.

Registration: NCT04672252 (ClinicalTrials.gov identifier).
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Arthroscopic rotator cuff repair (ARCR) is one of the most
commonly performed orthopaedic procedures, with more
than 500,000 procedures performed every year.11 However,
postoperative pain is a common complaint, and because of
the opioid epidemic and associated adverse events among
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patients, multimodal management strategies have become
increasingly important.1 It is also estimated that 40% to
50% of all patients undergoing ARCR are on preoperative
opioids.27 As a result of the increasing volume of outpatient
shoulder arthroscopic procedures performed, alternative
multimodal pain management solutions should be explored
because of potential benefits including a reduction in
adverse events.6,9,26

The endocannabinoid system (ECS) is a neuromodulatory
system that has recently emerged as a therapeutic target in
pain management, as it is involved with regulating the
inflammatory response to injuries as well as modulating
pain.15 The ECS is composed of the CB1 and CB2 cannabi-
noid receptors, endogenous cannabinoid ligands known as
endocannabinoids, and enzymes responsible for the synthe-
sis and degradation of these molecules. Cannabidiol (CBD),
which targets the ECS, has become a subject of growing
interest since the US Congress passed the 2018 Farm Bill,
which legalized industrial hemp (Cannabis sativa plants
containing \0.3% tetrahydrocannabinol [THC] content)
and its derivative cannabinoids, including CBD.17 CBD is
a nonpsychotropic cannabinoid that has been reported to
exhibit a range of therapeutic properties.13 It is well toler-
ated in humans, has the potential for a small risk profile,
and has safe co-administration with opioid analgesics.1,2

Despite the widespread use and sales of CBD products
in the United States, there is a paucity of literature to eval-
uate its effectiveness or safety. With current trends to opti-
mize multimodal pain management strategies after ARCR,
and to mitigate the risks of treating postoperative pain
with prolonged opioid use, we sought to evaluate the effects
of CBD on postoperative pain and satisfaction after ARCR.
Therefore, the purpose of this study was to evaluate the
potential analgesic effects of buccally absorbed CBD in
patients undergoing ARCR. The hypothesis was that
patients receiving postoperative CBD would have
improved postoperative pain scores and satisfaction and
decreased opioid use compared with patients receiving
a placebo (control).

METHODS

Study Design

This was a US Food and Drug Administration (FDA)–
sanctioned (IND #147249), multicenter, controlled, ran-
domized, prospective clinical trial. Institutional review

board approval (s19-01293) was obtained from both institu-
tions involved in the study. Patient informed consent was
obtained before study enrollment. Patients were enrolled
and treated during the time period from December 2020
to December 2021.

All opioid-naı̈ve patients aged between 18 and 75 years
undergoing ARCR (in addition to open subpectoral biceps
tenodesis, subacromial decompression, both, or neither)
were eligible for inclusion in the study. Exclusion criteria
can be found in Table 1. All patients entering the study
were administered the Columbia Suicide Severity Rating
Scale to ensure that no patient had previous or current sui-
cidal ideation (see Appendix, available in the online version
of this article), in accordance with FDA recommendations
for clinical trials involving drugs with central nervous sys-
tem activity. Any patients with elevated liver enzyme levels
in the preoperative period were also excluded. Urine drug
screening was performed on all patients to ensure that
patients were opioid naı̈ve and not currently using mari-
juana. All participants were required to refrain from the
use of THC or other cannabis-related products for the dura-
tion of the study. Those who were not able to comply were
excluded from the final data analysis. Premenopausal
female patients had to have been currently practicing 2
effective types of birth control, which are defined as those,
alone or in combination, that result in a low failure rate
(\1% per year) when used consistently and correctly. Infor-
mation recorded preoperatively included age, sex, height,
weight, body mass index, and American Society of Anes-
thesiologists classification.

Randomization and Study Intervention

Patients were randomized preoperatively by researchers
who were not involved in the study via the validated
web-based Research Randomizer to receive either CBD or
an identically tasting and appearing placebo.25 Patients
and the treating physician (M.J.A., A.S.R., K.K., L.M.J,
G.G.-L.) were blinded to randomization. Patients were
instructed to take 25 or 50 mg (patients .80 kg received
50 mg) of buccally absorbed CBD (Oravexx; Orcosa) based
on body weight per the manufacturer’s recommendation 3
times a day for 14 days. Enrollees were educated on the
proper administration of the medication before surgery.
Patients were instructed to take a morning, afternoon,
and evening dose, with an equal amount of elapsed time
between each dose, but were not given specific hour and
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minute times at which to take the doses. All patients
received Percocet (oxycodone/acetaminophen; Endo Phar-
maceuticals) 5-mg/325-mg tablets and were instructed to
take them as needed, 1 to 2 tablets every 4 to 6 hours,
and to wean from narcotics as soon as possible. Patients
were instructed to continue taking CBD/placebo through-
out the entire 14-day follow-up period.

A data safety monitoring board was created for the trial,
and while no stopping rules were established, per the lead
investigator’s (M.J.A.) discretion, the trial was to be stop-
ped if significant side effects were seen in the CBD group
that threatened the safety of the patients or caused perio-
perative complications, including but not limited to severe
nausea or vomiting, mental status changes, bleeding, or
increases in the infection rate.

Surgical Technique

Surgery was performed with the patient in either the
beach-chair or lateral decubitus position, based on surgeon
preference. Interscalene blocks were given preoperatively

by the anesthesia team, who were also blinded to patient
enrollment. The standardization of block medication (bupi-
vacaine vs ropivacaine) was not necessarily performed for
4 reasons: the anesthesiologist had specific preferences,
randomization would negate any effects of using differing
blocks, pain control was measured in the evening on post-
operative day 1 and not on postoperative day 0 when any
difference in blocks would be maximized, and no indwell-
ing catheters were used. Additionally, patients were
allowed to receive other pain medications on postoperative
day 0 while in the recovery suite, as the medications
administered were only for short-term pain relief.

Surgical time, number of anchors, and concomitant pro-
cedures were recorded. Additionally, all patients undergo-
ing biceps tenodesis underwent it in the form of open
subpectoral biceps tenodesis to maintain homogeneity
between groups. Patients wore a sling postoperatively for
a period of time chosen by the operating physician, with
none being instructed to discontinue the sling before the
2-week follow-up. Patients were allowed to perform simple
elbow, wrist, and hand range of motion exercises as soon
as tolerated, as well as Codman or pendulum exercises as
tolerated, after the first postoperative visit.

Outcome Measures

The primary outcome of the study was to detect any differ-
ence in the visual analog scale (VAS) for pain score at mul-
tiple time points after ARCR. Secondary outcomes included
postoperative patient satisfaction, opioid use, and potential
complications, including changes in liver function test
results and nausea or other adverse outcomes. All postoper-
ative complications (surgical or potentially related to CBD)
were recorded, and liver function test results were obtained
at 2 time points and compared with preoperatively. Addi-
tionally, patients were screened for any psychiatric manifes-
tations of suicidality. Patients were instructed in their
postoperative pain management log to note the amount of
Percocet taken, patient satisfaction, nausea level, and
VAS score. Pain control, patient satisfaction, and nausea
were measured at 6 hours and on days 1, 2, 7, and 14. Opi-
oid consumption was documented on days 1 to 7 on a daily
basis and then additively from days 8 to 14. Patients were
instructed to mark ‘‘yes’’ or ‘‘no’’ for CBD use each time
they took the medication for the full 14-day period in
a patient log provided at the start of the study and reviewed
by study coordinators (E.T.H., K.V.) at the end of each
patient’s participation period to ensure compliance with
the study protocol. Additional secondary analyses included
any differences in outcomes when accounting for differences
in the therapeutic dose. Patients were followed up in the
office postoperatively at 1 and 2 weeks.

Statistical Analysis

Our power analysis was based on the literature on postop-
erative pain control after shoulder arthroscopic surgery.
Calculations were performed using VAS scores of 3 and
1.6 for the control and CBD groups, respectively, with an

TABLE 1
Exclusion Criteriaa

Legally incompetent or mentally impaired patient (eg, minors,
Alzheimer disease, dementia)

\18 years of age
.75 years of age
Any patient considered a vulnerable participant: pregnant women

or fetuses, children, cognitively impaired adults, prisoners
History of cannabis abuse or dependence
History of coagulation abnormalities and thromboembolic disease

or current abnormal coagulation test values
History of stroke or acute coronary syndrome within 3 months

before surgery
Abnormal coagulation profile
Renal failure (serum creatinine .250 mmol/L [2.83 mg/dL]) or

liver cirrhosis
History of hypersensitivity to Percocet
Preoperative opioid management for any reason
Patients meeting the DSM-5 for major psychiatric illnesses (eg,

bipolar disorder)
Diagnosis of major depression, psychosis, or substance abuse

disorder
Current or previous suicidal ideation
Breastfeeding female patients
Clinically significant illness, including cardiovascular disorders
Clinically significant abnormal laboratory values
Abnormal liver function test results
Major neurological disorders (eg, dementia, Parkinson disease,

cognitive impairments, epilepsy, history of traumatic brain/head
injuries, or seizures)

Moderate (Child-Pugh class B) and severe (Child-Pugh class C)
hepatic impairments

Use of moderate or strong inhibitors of CYP3A4 and CYP2C19
concomitantly

Use of strong CYP3A4 and CYP2C19 inducers concomitantly
Use of substrates of UTG1A9, UTGB17, CYP2A1, CYP2B6,

CYP2C8, CYP2C9, and CYP2C19 concomitantly

aDSM-5, Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition.
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SD of 2. To achieve 80% power to reject the null hypothesis
of equal means when the population mean difference
between the control and CBD groups is m1 – m2 = 3.0 –
1.6 = 1.4, with an SD for both groups of 2.0 at a significance
level (alpha) of .05 using a 2-sided, 2-sample equal vari-
ance t test, a sample size of 39 would be required in each
group.24 Thus, to allow for a 10% dropout rate at 14-day
follow-up, 100 patients would be required to enroll. For
all continuous and categorical variables, descriptive statis-
tics were calculated. Continuous variables were reported
as the weighted mean and estimated standard deviation,
whereas categorical variables were reported as frequencies
with percentages. Categorical variables were analyzed
using the Fisher exact test or chi-square test. The indepen-
dent or paired t test for normally distributed variables, or
the nonparametric Wilcoxon signed-rank test, was per-
formed to compare continuous variables. Subgroup analy-
sis comparing patients receiving 50 mg of CBD versus
25 mg of CBD versus placebo medication was conducted
using the Fisher exact test or chi-square test for categori-
cal variables and analysis of variance or the Kruskal-
Wallis H test for continuous variables. Post hoc Tukey test-
ing was performed comparing all possible pairs of subgroup
means to determine between which subgroups the differen-
ces were significant. These tests were necessary, as with-
out post hoc testing, analysis of variance or the Kruskal-
Wallis test is only able to determine that there is a
difference between groups; however, they do not elucidate
specifically where these differences lie. P \ .05 was consid-
ered to be statistically significant.

RESULTS

Patient Characteristics

Overall, 100 patients were enrolled in this study across the
2 investigating centers, with 47 patients randomized to the
control group and 53 placed in the experimental group
(Figure 1). One patient was excluded from the analysis,
as he or she used marijuana postoperatively, leading to
the final count of 52 patients in the experimental group.
There were no significant differences in age, sex, body
mass index, concomitant procedures including biceps
tenodesis and subacromial decompression, and number
of anchors used intraoperatively between the 2 groups
(Table 2).

Postoperative Pain and Satisfaction

On day 1, the VAS pain score was significantly lower in the
CBD group than in the control group (4.4 6 3.1 vs 5.7 6

3.2, respectively; P = .04). On both days 1 and 2, patient
satisfaction with pain control was significantly higher in
the CBD group than in the control group (day 1: 7.0 6

3.0 vs 5.6 6 3.7, respectively [P = .04]; day 2: 7.3 6 2.5
vs 6.0 6 3.3, respectively [P = .03]). For the remainder of
the study, the CBD group outperformed the control group
at all time points for pain and patient satisfaction;
however, the results did not meet statistical significance
(Table 3).

Analyzed (n = 52)
Excluded from analysis (n = 1)

Lost to follow-up (n = 0)
Discontinued intervention (n = 4)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analyzed (n = 47)
Excluded from analysis (n = 0)

Analysis

Follow-Up

Assessed for eligibility (n = 111)

Excluded (n = 9)
Not meeting inclusion criteria (n = 0)
Declined to participate (n = 0)
Other reasons (n = 9)

Allocated to intervention (n = 54)
Received allocated intervention (n = 53)
Did not receive allocated intervention (n = 1)

Allocated to intervention (n = 47)
Received allocated intervention (n = 47)
Did not receive allocated intervention (n = 0)

Alloca�on

Randomized (n = 101)

Enrollment

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.
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Opioid Consumption and Nausea

There were no statistically significant differences in opioid
consumption (P . .05), which was relatively low in both
groups, and no significant difference in nausea (Table 4).

Subgroup Analysis of Postoperative Pain,
Satisfaction, Opioid Use, and Nausea

On subgroup analysis, it was noted that 23 patients
received 25 mg of CBD and 29 patients received 50 mg of
CBD. There were no significant differences between the
subgroups in age, sex, or concomitant procedures including
biceps tenodesis and subacromial decompression.

There were significant differences between the 3 sub-
groups in the VAS score on day 1 (CBD 50 mg: 3.9 6 3.2;
CBD 25 mg: 5.1 6 2.9; control: 5.7 6 3.2; P = .04), with
an almost 2-point lower score in the CBD 50-mg subgroup
compared to placebo. There were also significant differen-
ces in satisfaction on day 1 (CBD 50 mg: 8.0 6 2.5; CBD
25 mg: 5.7 6 3.2; control: 5.6 6 3.7; P = .005) and day 2
(CBD 50 mg: 7.9 6 2.1; CBD 25 mg: 6.5 6 2.8; control:
6.0 6 3.3; P = .02). The CBD 50-mg subgroup consistently
outperformed the CBD 25-mg and control subgroups,
trending toward statistical significance at several time
points, especially for the VAS score (Table 5). Regarding
opioid use, the 50-mg subgroup outperformed the control
and 25-mg subgroups at all time points but the differences
did not meet statistical significance (Table 6).

Post Hoc Analysis

Post hoc Tukey testing of subgroups showed that patients
receiving 50 mg of CBD had significantly lower VAS scores
on day 1 compared with controls (3.9 6 3.2 vs 5.7 6 3.2,
respectively; P = .03). Patients receiving 50 mg of CBD
also reported increased satisfaction on day 1 (8.0 6 2.5 vs
5.6 6 3.7, respectively; P = .006) and day 2 (7.9 6 2.1 vs
6.0 6 3.3, respectively; P = .02) compared with controls.
The subgroup receiving 25 mg of CBD did not differ signif-
icantly compared with the subgroup receiving 50 mg of
CBD or the control subgroup (P . .05) except for satisfac-
tion on day 1. On days 7 and 14, there were no statistically

significant differences in the VAS score, opioid consump-
tion, or patient satisfaction with pain control (P . .05 for

TABLE 2
Patient Characteristicsa

Variable CBD (n = 52) Control (n = 47)

Age, y 58.2 6 8.8 57.1 6 10.1
Female sex 21 (40.4) 17 (36.2)
Body mass index 29.1 6 5.0 28.2 6 7.1
Biceps tenodesis 13 (25.0) 10 (21.3)
Subacromial decompression 15 (28.8) 23 (48.9)
Both biceps tenodesis and

subacromial decompression
17 (32.7) 13 (27.7)

No. of anchors used 3.0 6 1.6 3.3 6 1.4

aData are shown as mean 6 SD or n (%). CBD, cannabidiol.

TABLE 3
Pain and Patient Satisfactiona

Variable CBD Control P Value

Day 1
VAS score 4.4 6 3.1 5.7 6 3.2 .04
Satisfaction 7.0 6 3.0 5.6 6 3.7 .04

Day 2
VAS score 4.7 6 2.8 5.3 6 2.6 .32
Satisfaction 7.3 6 2.5 6.0 6 3.3 .03

Day 7
VAS score 2.5 6 1.9 3.2 6 2.7 .15
Satisfaction 8.0 6 2.6 7.9 6 2.7 .78

Day 14
VAS score 1.6 6 1.4 2.3 6 2.4 .11
Satisfaction 8.7 6 2.3 8.5 6 2.4 .71

aData are shown as mean 6 SD. CBD, cannabidiol; VAS, visual
analog scale.

TABLE 4
Opioid Consumption and Nausea Levelsa

Variable CBD Control P Value

Opioid MME
Day 1 15.2 6 12.0 19.7 6 13.6 .08
Day 2 10.3 6 18.7 16.7 6 36.6 .29
Day 7 59.3 6 53.2 67.3 6 55.2 .47
Day 14 8.0 6 19.3 10.3 6 22.7 .61

Nauseab

Day 2 2.1 6 2.6 2.5 6 3.1 .51
Day 7 0.2 6 1.1 0.6 6 2.1 .23
Day 14 0.1 6 0.4 0.5 6 1.7 .15

aData are shown as mean 6 SD. CBD, cannabidiol; MME, mor-
phine milligram equivalent.

bRated on a scale from 0 (no nausea) to 10 (extreme nausea).

TABLE 5
Subgroup Analysis of Pain and Patient Satisfactiona

Variable CBD 25 mg CBD 50 mg Control P Value

Day 1
VAS score 5.1 6 2.9 3.9 6 3.2 5.7 6 3.2 .04
Satisfaction 5.7 6 3.2 8.0 6 2.5 5.6 6 3.7 .005

Day 2
VAS score 4.7 6 2.7 4.7 6 3.0 5.3 6 2.6 .61
Satisfaction 6.5 6 2.8 7.9 6 2.1 6.0 6 3.3 .02

Day 7
VAS score 3.1 6 2.1 2.1 6 1.7 3.2 6 2.7 .13
Satisfaction 7.4 6 2.7 8.6 6 2.4 7.9 6 2.7 .34

Day 14
VAS score 2.0 6 1.4 1.1 6 1.3 2.3 6 2.4 .10
Satisfaction 8.3 6 2.2 9.1 6 2.4 8.5 6 2.4 .58

aData are shown as mean 6 SD. CBD, cannabidiol; VAS, visual
analog scale.
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all). Although post hoc Tukey testing demonstrated a sta-
tistically significant difference in nausea levels on day 2
between the subgroups receiving 25 mg of CBD and 50
mg of CBD (1.0 6 1.6 vs 2.9 6 3.0, respectively; P = .04),
the difference required no clinical intervention or manage-
ment of nausea for all but 1 patient, and there were no
other significant differences in nausea levels (Table 7).

Adverse Events

Overall, 4 patients in the control group and 4 patients in
the CBD group had elevated alanine transaminase levels
at 7 days, which normalized at 14 days postoperatively.
No other elevation in liver enzyme levels was seen, and
there were no significant differences in postoperative liver
function test results (P . .05). There were 5 suspected
adverse events in the CBD group that could not confidently
be attributed to CBD, especially as tablet absorption occurs
buccally directly into the bloodstream and not through the
gastrointestinal system. Two patients experienced a rash
on postoperative day 2, 1 patient experienced nausea on
postoperative day 2, 1 patient experienced abdominal
pain, and 1 patient experienced rectal bleeding and elected
to drop out of the study because of abdominal pain
(although this was highly unlikely to be caused by the
intervention medication, as the medication is not processed
in the gastrointestinal tract). There were no significant dif-
ferences in suspected adverse events between the CBD
group and control group (n = 5 [9.6%] and n = 0 [0.0%],
respectively; P = .09) or between the CBD 25-mg, CBD
50-mg, and control subgroups (n = 2 [8.7%], n = 3
[10.3%], and n = 0 [0.0%], respectively; P = .09).

DISCUSSION

The most important finding from this study was that buc-
cally absorbed CBD was shown to be safe and effective in
reducing pain and improving patient satisfaction in the
immediate perioperative period after ARCR when com-
pared with the control. These findings support our

hypothesis. Although the results did not meet statistical
significance for the later time points, the CBD group con-
sistently outperformed the control group at all time points.
Furthermore, those given a higher dose of CBD had statis-
tically significant lower levels of postoperative pain and
higher satisfaction; it is possible that a higher dose corre-
sponded to improved outcomes, warranting further study.
Additionally, there were no harmful side effects associated
with the use of buccally absorbed CBD.

However, there exists a lack of clinical trials in this
area, and thus, an evaluation of safety was also a signifi-
cant concern of this study. Commercially available CBD
is plagued by a lack of regulation as well as the potential
for contamination by potentially hazardous chemicals.2

Basic science studies have shown that CBD may be associ-
ated with elevated levels of hepatic transaminases,
although our study found no significant change in liver
function test results that could be exclusively attributed
to CBD. Surgical trauma and acetaminophen use can
both also mildly elevate liver function test results.5,10

Although CBD may be beneficial for nausea, the current
study found minimal postoperative nausea and no differ-
ence between the CBD and control groups.19 Finally,
CBD was not shown in our study to increase the risk of sui-
cidal ideation and behavior, but this was assessed in accor-
dance with FDA recommendations for clinical trials
involving drugs with central nervous system activity.

Despite a very large shift toward the commercial use of
CBD, legalization of marijuana, and growth of a multibil-
lion dollar industry, there remains scant evidence support-
ing its use in the scientific literature, particularly in
orthopaedic surgery and the role of CBD in managing
pain. Chin et al4 recently reported in a survey of members
of the Orthopaedic Trauma Association that 88% of trauma
surgeons did not believe that they were knowledgeable in

TABLE 6
Subgroup Analysis of Opioid Consumption

and Nausea Levelsa

Variable CBD 25 mg CBD 50 mg Control P Value

Opioid MME
Day 1 15.4 6 10.0 15.0 6 13.6 19.7 6 13.6 .23
Day 2 10.2 6 14.1 10.3 6 21.9 16.4 6 36.6 .58
Day 7 51.4 6 47.4 65.4 6 57.5 67.3 6 55.2 .53
Day 14 10.8 6 25.6 5.5 6 10.8 10.3 6 22.7 .63

Nauseab

Day 2 1.0 6 1.6 2.9 6 3.0 2.5 6 3.1 .05
Day 7 0.1 6 0.5 0.3 6 1.4 0.6 6 2.1 .46
Day 14 0.1 6 0.5 0.1 6 0.4 0.5 6 1.7 .36

aData are shown as mean 6 SD. CBD, cannabidiol; MME, mor-
phine milligram equivalent.

bRated on a scale from 0 (no nausea) to 10 (extreme nausea).

TABLE 7
Post Hoc Tukey Testinga

Variable Adjusted P Value

VAS score on day 1
CBD 50 mg–CBD 25 mg .33
Control–CBD 25 mg .71
Control–CBD 50 mg .03

Satisfaction on day 1
CBD 50 mg–CBD 25 mg .03
Control–CBD 25 mg .99
Control–CBD 50 mg .006

Satisfaction on day 2
CBD 50 mg–CBD 25 mg .17
Control–CBD 25 mg .78
Control–CBD 50 mg .02

Nausea on day 2
CBD 50 mg–CBD 25 mg .04
Control–CBD 25 mg .11
Control–CBD 50 mg .78

aPost hoc testing was conducted on variables that demonstrated
significant differences between subgroups on analysis of variance
or the Kruskal-Wallis test. CBD, cannabidiol; VAS, visual analog
scale.
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the mechanism of CBD. However, 73% of the survey
respondents believed that CBD has a role to play in the
treatment of postoperative pain. Additionally, 83% of the
respondents did not feel that they would be stigmatized if
they recommended CBD to their patients, with 85% believ-
ing that there are no known effects on fracture healing and
most saying that they would recommend CBD if it were
medically and recreationally legal. Although some may
worry about the possible effects of CBD on healing, the lit-
erature has shown that exposure to cannabinoids can
potentially improve wound healing and can enhance the
regenerative capacity of 2 major sources of stem cells: adi-
pose and bone marrow derived.16 However, the clinical sig-
nificance of this regenerative aspect of CBD remains
unclear, although it is important to note that it does not
have a negative effect, at least which may be contributed
to cannabis if smoked.7,18,22

The interest level of patients may also be quite signifi-
cant when discussing the possibility of CBD as an adjunct
for pain control. A recent survey study of patients with
basal joint osteoarthritis found that almost 70% would be
interested in trialing an oral-based CBD product, with
80% of patients interested in a topical treatment. However,
Premkumar et al20 reported that very few resources
regarding CBD for knee or hip arthritis were available,
the quality was poor, and few were sponsored by physi-
cians or professional organizations, with the majority
being overtly sales oriented.

The current study found that CBD resulted in improved
pain and satisfaction in the first 2 days postoperatively
when pain was at its most severe in the acute postopera-
tive phase. Additionally, the difference nearly equaled
the minimal clinically important difference of 1.4.24 With
higher doses, the minimal clinically important difference
for the VAS was easily surpassed on the first postoperative
day. The VAS score trended toward statistical significance
at multiple time points. As postoperative pain lessened, the
difference stopped being statistically significant; however,
the CBD group still outperformed the control group and
trended toward statistical significance at multiple time
points. As the study was designed to detect a VAS score
change of 1.4, the study was likely underpowered to signif-
icantly detect smaller statistical changes between the 2
groups.24 Thus, it appears that the effect was greatest
when the pain was most severe. However, it should be
noted that the CBD group also had significantly higher
patient satisfaction as a result of improved pain levels in
the first few days. Further, with post hoc testing, by show-
ing the true differences between the CBD 50-mg and con-
trol subgroups and not between the CBD 25-mg and
control subgroups, our findings suggest that the 50-mg
dose resulted in significant improvements in pain and sat-
isfaction compared with other doses and should be utilized,
as it may be superior to the 25-mg dose without significant
adverse effects. These distinctions have important poten-
tial clinical implications.

Improved patient satisfaction is becoming an increas-
ingly important variable, as patient-centered outcomes
and pay-for-performance programs have become more com-
mon, particularly for inpatient services. Under the

Affordable Care Act, the Centers for Medicare and Medic-
aid Services have greatly expanded inpatient fee-for-value
programs. The Hospital Value-Based Purchasing Program
rewards hospitals that perform well on quality of care
measures or, conversely, punishes those with poor scores.
This is based on 4 quality domains: patient- and care-
giver-centered experience, safety, clinical care outcomes/
process, and efficiency and cost reduction.8 Although
ARCR is almost exclusively an outpatient procedure, the
potential for CBD use in other fields of orthopaedic surgery
(inpatient fracture care, spine surgery, hip and knee recon-
struction) holds tremendous promise,12,21 as mitigating
postsurgical or chronic pain may improve the patient expe-
rience, improve clinical care outcomes, and reduce costs
with more expeditious hospital discharges.

Additionally, there was no significant difference in
opioid consumption between the 2 groups. While the
goal of the current study was not to replace opioids
with CBD, the lack of statistical significance is possibly
because of the small cohort and the overall low level of
opioids consumed, which may be attributable to institu-
tional opioid stewardship and greater patient educa-
tion.1,3,23 However, given the clinically relevant results,
CBD may become another implement in the postopera-
tive multimodal analgesia armamentarium after
ARCR.9 Also, there is a lack of evidence on the use of
oral medications after ARCR, with the majority of
evidence being focused on gabapentinoids and a recent
systematic review finding only 7 studies that have evalu-
ated oral medications after ARCR.9

Further research is still required on the role of CBD as
a postoperative medication as well as the optimal dosing
and route of administration. A previous study by Lichtman
et al14 found no superiority in 2 double-blind studies in
regard to pain control when using systemically absorbed
Sativex oral mucosal spray for chronic pain control in
patients with advanced-stage cancer who were unrespon-
sive to opioid analgesics but showed benefits at multiple
interim time points, thereby demonstrating potential util-
ity in patients with early intolerance to opioids. Similar
to Lichtman et al, we elected to use a buccally absorbed
tablet as opposed to oils or pills that are absorbed in the
gastrointestinal system, as buccal absorption provides the-
oretical immediate release into the bloodstream, which
could play a role in pain modulation. Additionally, the cur-
rent study found that a higher dose of CBD resulted in sig-
nificantly lower pain levels than a low dose of CBD, and as
a result of the safety profile found in the current study,
a further evaluation is warranted to see if higher doses
are safe in patients \80 kg. Given that Epidiolex, an
FDA-approved CBD formulation absorbed in the gastroin-
testinal system, utilizes dosages that far exceed those used
in the present study, further research is necessary to eval-
uate the dose-response curve and efficacy using this route
of administration. However, the current findings suggest
that buccally absorbed CBD shows significant promise for
immediate postoperative pain control. Alongside its optimi-
zation for ARCR, the use of CBD should be evaluated for
other sources of orthopaedic pain, whether postoperative,
acute, or chronic.
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Limitations

There are a few limitations in the current study. First, this
study included several orthopaedic surgeons, which may
introduce bias into the study. However, their methods of
ARCR were similar, and patients underwent a standard-
ized postoperative rehabilitation protocol regardless of
whether they underwent a concomitant procedure. Con-
comitant procedures and the size of the rotator cuff tear
may have affected postoperative pain levels; however,
these were controlled across the 2 groups. Finally, the
study was primarily focused on immediate postoperative
pain and was powered to evaluate this, and it was not pow-
ered to detect a difference at later stages when the pain
became milder, but CBD still outperformed the control at
each time point. Additionally, although differences in the
preoperative interscalene nerve blocks could have poten-
tially confounded results, randomization of the study inter-
vention makes this less of a significant concern. Finally,
the study was powered to detect an absolute difference
regardless of timing.

CONCLUSION

Compared with placebo, buccally absorbed CBD for pain
control after ARCR demonstrated no significant adverse
events and resulted in a significant reduction in pain on
postoperative day 1, increased patient satisfaction on post-
operative days 1 and 2, and no significant differences in
opioid consumption.
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