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Background: The primary purpose of this study was to determine if cannabis use decreases narcotic
consumption in patients undergoing total joint arthroplasty (TJA).
Material and methods: Forty-six patients undergoing a primary unilateral TJA, who self-reported the use
of cannabis, were prospectively enrolled and completed this study between July 2015 and November
2019. This cohort was prospectively matched to patients who did not report cannabis use. Morphine
equivalents (MEs) were averaged and recorded at 1 and 2 weeks postoperatively. Secondary outcomes
and complications were recorded and reported.
Results: There were no differences noted in ME during the hospitalization between the user (78.7 ± 58.5)
and nonusers (70.4 ± 46.3), P ¼ .455. ME daily average did not differ between the cohorts (user [36.8 ±
30.7] and nonuser [31.7 ± 25.6] at 1 week (P ¼ .389) or user [22.5 ± 26.3] and nonusers [15.9 ± 18.3] at
2 weeks, P ¼ .164, postoperatively). The total ME at 2 weeks did not differ between the user and nonuser
groups (415 ± 375 vs 333 ± 275, P ¼ .235). Pain scores at 1 week were significantly higher in patients who
used cannabis (4.1 ± 1.9 vs 3.4 ± 1.6, P ¼ .05). No differences in pain were noted during the patient’s
hospitalization or at 2- (P ¼ .071) or 6-week (P ¼ .111) follow-up. No differences in secondary outcomes or
complications were noted.
Conclusion: We were unable to show a decrease in narcotic consumption in patients who use cannabis
undergoing primary unilateral joint replacement. These findings do not support the routine use of
cannabis to decrease or supplement narcotic use after primary TJA.
Level of evidence: Level II therapeutic.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Despite widespread use of multimodal pain protocols, opioids
are often needed to obtain adequate pain management after total
joint arthroplasty (TJA). However, narcotic use has been associated
with increased morbidity and mortality in elective orthopedic
nt, 2535 S Downing St. Suite
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y-nc-nd/4.0/).
procedures [1e3]. For these reasons, alternatives to decrease or
negate the need of opioids for pain management are being
explored.

The recent legalization of cannabis (recreational and/or medic-
inal) in many states has led to an increase in interest in its potential
use for pain management after orthopedic procedures [4e9]. The
self-reported use in patients undergoing TJA increased from 1% to
11% after its legalization in Colorado [10]. Cannabis may function to
reduce sensitization of the nociceptive sensory pathways and
induce alterations in cognitive and autonomic processing in
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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selective chronic pain conditions [11,12]. However, the evidence to
date does not support its use in patients undergoing orthopedic
procedures [8,9,13e15]. Therefore, the primary purpose of this
prospective study was to determine if cannabis use decreases
narcotic consumption in patients undergoing TJA. We hypothesize
that patients using cannabis would require fewer morphine
equivalents (MEs) postoperatively than patients who do not use
cannabis. Secondary outcomes included the evaluation of pain,
range of motion (ROM), postoperative complications, Knee Society
Scores (KSS) or Hip Society Scores (HSS), The Veterans RAND 12
Item Health Survey (VR-12) mental component score (MCS), and
VR-12 physical component score (PCS).

Material and methods

This study was approved by our institutional review board prior
to its initiation. Colorado Amendment 64 legalized cannabis in 2012,
with the commercial sale of cannabis to the general public initiated
on January 1, 2014, at establishments licensed under the regulatory
framework. After the legalization, our patient intake form reflected
cannabis as a drug, but not as an illegal drug. We therefore have
inquired and asked all new and existing patients in our clinic about
its use as the standard of care in our practice. We prospectively
identified patients undergoing primary unilateral TJA at our insti-
tution who self-reported cannabis use on a regular basis prior to
their surgical intervention. The study period was continuous from
Hospitalization
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time of surgery. Patients were excluded with a history of narcotic
use, alcohol (>7 drinks per week) or drug abuse, tobacco use,
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postoperative variables that have been associated with adverse
outcomes. This cohort was prospectively matched (1:1) (age, sex,
bodymass index) to patientswho did not report cannabis use having
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of thematched patients had a history of narcotic use, alcohol or drug
abuse, tobacco use, depression, anxiety, or previous surgical inter-
vention within the past 6 months. Patients that met the inclusion
criteria were approached at their preoperative appointment by a
member of our research team for potential recruitment (Fig. 1). All
patients completed a preoperative questionnaire regarding
cannabis, alcohol, and tobacco use.
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addition, outpatient physical therapy was performed without
variation from our routine postoperative protocol between the
cohorts.

The primary outcome of narcotic use via ME was recorded
during the patients' hospitalization and averaged at 1 and 2
weeks postoperatively. Patients were given detailed in-
structions preoperatively and postoperatively regarding
recording narcotic use and pain at selective time intervals.
Additionally, phone calls were made to each subject on
discharge day 1, 3, and 7 to assure compliance with recording
these variables. Secondary outcomes included pain (visual
analog scale), ROM, KSS or HSS, VR-12 MCS, and VR-12 PCS, all
of which were evaluated preoperatively and postoperatively).
Length of stay, ME while hospitalized, and complications were
recorded and reported.

Cannabis use was not recommended to users (or nonusers) at
any point in time during this study. Patients continued their regular
use at their discretion preoperatively and postoperatively. The type
(ie, edible vs inhalation) and frequency of cannabis use were
recorded by patients postoperatively. No attempt was made to
regulate the usage (ie, frequency, type, or amount) of cannabis.
Despite being legal in the authors state, cannabis is still considered
a Scheduled I drug, and its regulation falls under federal law. As
such, health-care providers who recommend its use may be at risk
for losing their Medicare participation status. This justified the
design of the current study based on inherent limitations of this
treatment.

Postoperatively all patients were placed on similar multimodal
pain-control regimens including the use of tramadol, nonsteroidal
anti-inflammatory drugs, gabapentin, acetaminophen, and rescue
oral narcotic (hydrocodone/apap, oxycodone, or hydromorphone).
MEs were averaged for day 7 and day 14 postoperatively. Pain
scores via the visual analog scale were obtained at 6, 12, 24, 36, and
48 hours postoperatively. Additional time points for pain moni-
toring at 1, 2, and 6 weeks postoperatively were obtained. ROM
measurements were measured at 6 weeks. KSS and VR-12 (MCS
and PCS) were filled out by the patient at their 6-week follow-up
appointment.

Descriptive statistics were provided using means and standard
deviations for continuous variables while frequencies and relative
percentages are reported for categorical variables. The paired Stu-
dent’s t-test was used to test the difference between the users and
nonusers for continuous variable outcomes including pain, func-
tion, ROM, KSS or HSS, VR-12 scores, length of stay, and narcotic
usage. Statistical analyses were performed using Minitab version
17.0 (Statistical Analysis Software, State College, PA). P values of less
than 0.05 indicated statistical significance. In a prior study, the
average ME dose at 24 hours postoperatively were 17 ± 5.5 mg and
at 48 hours 18.4 ± 5.5 mg [16]. Using the 48-hour average, an a
Table 1
Preoperative secondary outcome measures.

Secondary outcomes User (average ± SD) N ¼ 46

Preoperative
VR-12 (MCS) 51.5 ± 11.4
VR-12 (PCS) 35.0 ± 9.2

Knee patients (N ¼ 25)
Function 64.8 ± 20.0
ROM (Ext./Flex.) 118.9 ± 7.8
KSS 46.3 ± 15.9

Hip patient (N ¼ 21)
Function 34.8 ± 7.6
ROM 92.4 ± 8.6
HSS 58.9 ± 13.9

Ext., extension; Flex., flexion; SD, standard deviation.
priori power analysis with 80% power, P of <.5, and 25% reduction in
the ME dose in the cannabis use group demonstrated a need for 22
participants in each cohort.
Results

Ninety-two patients completed the study (46 in each cohort)
(Fig. 1). The mean agewas 61.3 ± 8.4 years, and there were 24males
(52%) and 22 females (48%) enrolled. The preoperative VR-12 (MCS)
revealed that the cannabis users had a significant decrease in their
score compared with the nonuser cohort (51.5 ± 11.4 vs 57.2 ± 10.8,
P ¼ .017). Otherwise, there were no differences in preoperative
secondary outcome measures between the cohorts (Table 1). The
mean length (hours) of hospital stay in the user group was 31.5 ±
7.6, and for nonusers, 29.2 ± 7.4 (P ¼ .143). Pain scores during the
hospitalization did not differ between the 2 groups (Table 2). There
were no differences noted in ME during the hospitalization be-
tween the users (78.7 ± 58.5) and nonusers (70.4 ± 46.3), P ¼ .455.
ME daily average did not differ between the cohorts (user [36.8 ±
30.7] and nonuser [31.7 ± 25.6] at 1 week (P ¼ .389) or user [22.5 ±
26.3] and nonusers [15.9 ± 18.3] at 2 weeks, P ¼ .164, post-
operatively). The total ME at 2 weeks did not differ between the
user and nonuser groups (415 ± 375 vs 333 ± 275, P ¼ .235). The
cannabis users had a significantly higher pain score average at
1 week than the nonuser cohort (4.1 ± 1.9 vs 3.4 ± 1.6, P ¼ .05).
These differences were not seen with the 2-week ME average be-
tween users and nonusers (3.5 ± 1.9 vs 2.9 ± 1.5, P ¼ .071). No
differences in secondary outcomes were noted at 6 weeks (ROM,
KSS or HSS, VR-12 [MCS or PCS]) (Table 3). The overall change from
baseline (secondary outcomes) with regard to pain, KSS or HSS, and
VR-12 scores did not reveal differences between the cohorts. The
types and frequency of cannabis consumed are outlined in Table 4.
Lastly, no postoperative complications were noted in either cohort.
Discussion

To date, there remains a paucity of scientific evidence to support
the use of medicinal cannabis for many medical conditions. If a
benefit can be demonstrated with regard to pain management,
there may be potential to help stem the opioid epidemic. As such,
the primary aim of this study was to determine if cannabis use
decreases narcotic consumption in patients undergoing TJA. Our
prospectively matched cohort study did not show a difference in
ME at any of our time intervals. Additionally, patients who used
cannabis did not demonstrate adverse effects or a difference in
short-term outcomes. To our knowledge, this is the first study
exploring the use of cannabis and its relationship to pain man-
agement in patients undergoing TJA.
Nonuser (average ± SD) N ¼ 46 Statistical analysis

57.2 ± 10.8 P ¼ .017
34.3 ± 9.5 P ¼ .748

69.4 ± 28.0 P ¼ .508
117.0 ± 13.5 P ¼ .533
48.0 ± 17.5 P ¼ .717

31.8 ± 8.9 P ¼ .255
93.9 ± 10.7 P ¼ .636
56.0 ± 16.2 P ¼ .542



Table 2
Postoperative (PO) pain control measured by VAS.

Hospital stay

Postoperative pain User (average ± SD) N ¼ 46 Nonuser (average ± SD) N ¼ 46 Statistical analysis

Pain, 6 h PO 2.9 ± 1.9 2.9 ± 2.0 P ¼ .916
Pain, 12 h PO (N) 3.0 ± 1.8 (45) 2.9 ± 1.2 (45) P ¼ .786
Pain, 24 h PO (N) 3.0 ± 2.2 (42) 3.0 ± 1.7 (41) P ¼ .999
Pain, wk 1 average 4.1 ± 1.9 3.4 ± 1.6 P ¼ .055
Pain, wk 2 average 3.5 ± 1.9 2.9 ± 1.5 P ¼ .071
Pain (self-reported at visit) 1.6 ± 1.6 1.0 ± 1.6 P ¼ .111

SD, standard deviation; VAS, visual analog scale.
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Cannabis use has been associated with decreased opioid con-
sumption in patients with chronic pain (noncancer) conditions. The
“opioid-sparing” effect hints to potential synergistic effects be-
tween cannabis and opioids in this patient population [17e19]. A
recent retrospective review demonstrated no differences in ME in
patients using dronabinol vs patients who did not during their
hospitalization after TJA [8]. Our data support these findings, and in
our cohort, we did not see ME differences during the patients'
hospitalization or at the 1- or 2-week postoperative follow-up.
While there were no differences in ME at our time intervals, we
did find a significant difference in pain scores in the first week with
the cannabis users showing an increase in level of their week-1
average scores. With this increase in pain and the same amount
of ME needed to obtain adequate pain control, one could argue that
the cannabis user group actually required more “medication” be-
tween the narcotic use and cannabis to obtain the control. It
certainly is possible that the “tolerance” from cannabis may play a
role in these patients. Unlike other areas in medicine, we did not
observe the “opioid-sparing” effect in our study cohort. We do
concede there certainly may be a difference between acute and
chronic conditions which may have accounted for these differing
findings. Further studies are needed in this area to see if this result
is generalizable.

Patients with a hstory of “drug misuse” have been reported to
have increased postoperative complications after TJA
[2,3,14,20,21]. In an attempt to decrease the potential variables
associated with “worse” patient outcomes (ie, tobacco use,
alcohol abuse, illegal drug use), we only included patients with
isolated cannabis use. For this reason, our recruitment process
was labor-intensive and prolonged to try and control for these
variables. Additionally, we are limited by federal regulations
which continue to maintain cannabis as Scheduled I drug. Our
results in this small cohort suggest no differences in early
postoperative complications or outcomes. These findings are
similar to those of a previous retrospective study out of our
institution regarding short-term outcomes in this patient
Table 3
Secondary outcomes at 6-wk follow-up.

User (average ± SD) N ¼ 46

6-Wk follow-up
VR-12 (MCS) 52.9 ± 9.5
VR-12 (PCS) 38.5 ± 10.0

Knee patients (N ¼ 25)
Function 72.0 ± 20.1
ROM (Ext./Flex.) 122.2 ± 10.1
Knee score 84.5 ± 12.8

Hip patients (N ¼ 21)
Function 39.8 ± 5.2
ROM (Ext./Flex.) 99.5 ± 7.1
HSS 86.1 ± 10.3

Ext., extension; Flex., flexion; SD, standard deviation.
population [15]. Future studies should focus on long-term out-
comes in this patient population.

The legalization of cannabis has led to either more users or more
patients willing to self-report use given the lack of legal ramifica-
tions [10]. Surgeons should be aware that their patients may be
currently using cannabis for medicinal and/or recreational pur-
poses with or without reported use. Many patients are currently
self-medicating with cannabis of different types (ie, edible, inha-
lation), dosage, and frequency of use, and these numbers are likely
to increase. Our data show surprising differences between patients
with all the variables we looked at in this cohort (Table 4). To our
knowledge, this is the first study looking at the variability between
type and frequency of use in patients that are using cannabis after
TJA. This variability raises many questions for health-care pro-
viders. A sound knowledge by the orthopedic community regarding
cannabis is imperative given the increased interest in this patient
population for both medicinal and recreational purposes. The po-
tential synergistic effects in combination with opioid use must be
studied on a larger scale to demonstrate the potential efficacy and
safety before recommendations can be made for its perioperative
use in patients undergoing TJA.

This study is not without limitations. Our secondary outcome
for pain average at 1 week certainly may have been underpowered
as this was not our primary outcome. Our cohort was limited to
patients who self-reported the use of various types (ie, inhalation
vs edible), duration, dosage, and frequency of use both preopera-
tively and postoperatively. Our postoperative frequency and types
of cannabis used varied greatly, but we do feel this is a fair
assessment of what patients are doing in the perioperative period.
There certainly may have been patients who did not report use in
the nonuser cohort that we were unable to account for in this
study. We feel we made every effort to control for this by having
our orthopedic team, preoperative medical team, and research
team screen for use in all patients. The amount of delta-9-
tertrahydrocannabinol and cannabidiol is variable, making these
differences hard to account for in this patient cohort. Additionally,
Nonuser (average ± SD) N ¼ 46 Statistical analysis

56.2 ± 8.7 P ¼ .085
39.1 ± 10.0 P ¼ .802

78.2 ± 18.1 P ¼ .258
118.1 ± 22.4 P ¼ .408
85.2 ± 12.0 P ¼ .245

39.5 ± 6.3 P ¼ .853
99.1 ± 8.8 P ¼ .848
88.5 ± 7.34 P ¼ .838



Table 4
Types and frequency of cannabis use.

Patient ID Type of marijuana used How many days used
in first 2 wks postop

Average times of use
per day in 2 wk

001 Edible 14 1.1
002 Smoke (bowls smoked) 7 3.6
003 Smoke (inhales on a joint) 6 3
004 Smoke (inhales on a joint)/Edible 14 1.4
005 Edible 9 1.8
006 Edible 7 1.3
007 Smoke (bowls smoked) 14 5.1
008 Smoked (inhales on a joint) 13 7.2
009 Edible 6 1.2
010 Smoke (whole joints) 7 0.8
011 Edible/Patch/Oil tincture 12 2.3
012 Edible/Vapor 10 6
013 Edible 14 1.1
014 Smoked (inhales on a joint) 14 4.6
015 Edible 14 5.2
016 Smoke (inhales on a vape)/Edible 11 1.6
017 Edible 4 1
018 Smoked (whole joints)/Edible 14 0.8
019 Smoke (inhales on a pipe) 14 2.9
020 Smoke (inhales on a joint)/Edible 11 5.3
021 Smoke (inhales on a joint) 14 2.6
022 Smoke (inhales on a joint)/Oil tincture 14 8.6
023 Smoke (inhales on a joint) 13 37.6
024 Vapor 6 3.5
025 Vapor 14 2.6
026 Edible 12 1.2
027 Edible/Smoke (inhales on a joint) 14 1.8
028 Smoke (inhales on a joint) 10 3
029 Edible 12 2.7
030 Smoke (inhales on a vape)/Edible 14 4.4
031 Smoke (inhales on a joint) 14 18.6
032 Smoke (inhales on a vape)/Edible 14 8.64
033 Smoke (inhales on a pipe) 13 9.4
034 Smoke (whole joints)/Edible 13 1.2
035 Edible 14 1.4
036 Edible 13 2.6
037 Edible 10 2.8
038 Smoke (inhales on a vape) 14 2.3
039 Edible 8 0.6
040 Smoke (inhales on a vape) 13 3.1
041 Edible 10 0.9
042 Smoke (inhales on a pipe) 10 1.8
043 Edible 14 4.1
044 Edible 9 0.6
045 Smoke (inhales on a bong) 5 0.8
046 Smoke (inhales on a joint)/Edible 9 2.4
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the quality and reliability between different types of cannabis are
well known and are impossible to be controlled for with this
particular study design. We still believe that this is a valid way to
explore cannabis use in this patient population since there
currently is no regulation for these variables. Ideally patients
would be randomized and have a specific form of cannabis
administered (dose, frequency, type) postoperatively, but this type
of study design is currently difficult since cannabis is still
considered a Scheduled I drug. We have recently been approved at
our institution to study this in a prospective randomized blinded
fashion, which we believe can further answer questions that
remain with cannabis use and its application after TJA. Part of this
approval process was our institution presenting these data to our
federal regulators to assist with this process. We concede that the
small cohort may not reveal all the benefits that a large cohort
would offer. However, recruitment into the study was difficult
secondary to the exclusion of a large majority of the prospective
population for narcotic use, tobacco use, and the use of other
drugs, all of which have been associated with adverse outcomes in
patients undergoing TJA. This is not surprising since the self-
reported use of cannabis in patients undergoing TJA is more
common in patients that are current smokers, use preoperative
narcotics, and have a history of substance abuse [10]. We did
combine both hip and knee arthroplasty procedures to increase
our cohort size. Ideally in the future, this may be done with
separate cohorts but may require a multicenter study if all the
aforementioned variables are eliminated to only find patients with
isolated cannabis use. As we have previously stated, finding pa-
tients with isolated cannabis use is very difficult. We did not
attempt to distinguish between the reason for cannabis use (rec-
reational vs medicinal). The distinction between the reason for use
is often difficult as many “medicinal” users have used cannabis for
recreational reasons in the past [22,23]. The frequency and dura-
tion of preoperative use were not extensively explored in this
study, and therefore, we concede that this certainly could have led
to a confounding effect. Future studies should aim to identify
cannabis naive patients to see if this may change the narcotic
consumption postoperatively as preoperative users may have a
“tolerance” that negates the synergistic effects to potentially
decrease opioid consumption. Additionally, we stopped looking
monitoring ME at 2 weeks postoperatively. It certainly would have
been reasonable to determine ME for 6 weeks to see if there were
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differences in ME or other outcome measures at this time point.
Lastly, we did not monitor nausea, sleep patterns, and outcomes
which should be an area of future study in this patient population.
This is an area we plan to explore in a future study.

Conclusions

In conclusion, we were unable to show a decrease in narcotic
consumption in patients, who use cannabis, undergoing primary
unilateral TJA. One may argue that patients who use cannabis
require more for pain management (ie, equivalent opioid þ
cannabis) than nonusers. Lastly, the cannabis type and frequency of
use varied greatly after TJA. These findings do not currently support
the routine postoperative use of cannabis to decrease narcotic
consumption after primary unilateral TJA.
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