International Orthopaedics (2019) 43:283-292
https://doi.org/10.1007/500264-018-4101-x

ORIGINAL PAPER

@ CrossMark

Orthopaedic surgery patients who use recreational marijuana have less
pre-operative pain

Shaun H. Medina' - Vidushan Nadarajah ' - Julio J. Jauregui' @ - Michael P. Smuda' - Michael Foster' -

Sean J. Meredith' « Jonathan D. Packer’ « R. Frank Henn Il

Received: 2 March 2018 /Accepted: 8 August 2018 /Published online: 22 August 2018
© SICOT aisbl 2018

Abstract

Aims To determine the baseline clinical characteristics of recreational marijuana users undergoing outpatient orthopaedic surgery.
We hypothesized that patients who report marijuana use would have worse pain, function, and general health status.

Patients and methods Nine-hundred and thirty-seven patients undergoing outpatient orthopaedic surgery were asked to fill out
patient-reported outcome (PRO) tools. These PROs included the Patient-Reported Outcomes Measurement Information Systems
(PROMIS) computer adaptive tests and legacy PROs unique to each patients’ surgical site.

Results Forty patients (4.2%) reported marijuana use. Marijuana use was associated with younger age (33 vs. 43 years, p <

0.001), having a history of fewer operations (1.8 vs. 3.2, p <0.05), single marital status (68 vs. 38%, p <0.01), and having a
history of smoking cigarettes (63 vs. 31%, p < 0.0001). Marijuana use was found to be significantly associated with greater Marx
lower extremity activity rating scale scores (8.5 points vs. 6.1 points, p <0.05) and decreased pain intensity in the operative site
(3.7 points vs. 5.0 points, p < 0.05). Multivariable analysis found that marijuana use was an independent factor associated with
less pain intensity in the operative site (p < 0.05).

Conclusion Our studies support other national studies that report increased marijuana use among younger patients and those who
smoke cigarettes. The results do not support our hypothesis, as marijuana use was associated with less pain and better lower
extremity activity rating scale scores when compared to non-users. Further research is warranted to analyze the effects of
marijuana use on orthopaedic surgery patients.

Study design Cross-sectional study.

Keywords Marijuana - Orthopaedic surgery - Clinical characteristics - Substance use

Introduction

Marijuana is one of the most widely used drugs in the USA,
and its usage has increased over recent years [1, 2]. Currently,
nine states and the District of Columbia allow recreational
marijuana use, 22 states allow the prescription of medical mar-
ijuana, and 16 states allow the use of cannabidiol (Fig. 1) [3].
According to the 2015 National Survey on Drug Use and
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Health (NSDUH), the prevalence of current marijuana use in
children 12 to 17 years of age was 7.0% (1.8 million), and in all
adults 18 years of age and older was 8.3% (20.5 million) [1].

The Cannabis sativa (marijuana) plant contains multiple
bioactive components, termed cannabinoids (CB). In the past
decade alone, multiple studies have investigated the thera-
peutic potential of the non-psychoactive compound
cannabidiol (CBD) for its potential to manage pain, nausea,
vomiting, and spasms [4-7]. The most substantial research
regarding marijuana use has pertained to the treatment of
chronic and neuropathic pain, where the data suggests that
marijuana has both beneficial [8—10] and detrimental effects
[11]. The peri-operative management of recreational marijua-
na users is particularly important given that ingestion of mar-
ijjuana by inhalation has physiologic effects similar to that of
tobacco inhalation [12, 13]. The interaction between anaes-
thetic agents and marijuana, specifically the cross-tolerance
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Fig. 1 Marijuana legality in the
USA

in chronic users has been postulated [14]. Published case
reports of uvulvar oedema and post-operative airway ob-
struction in patients reporting marijuana use prior to surgery
[15, 16] underscores the importance of eliciting a thorough
history of substance use in the pre-operative period.

Given the growing interest in marijuana and its derivatives
as a medical treatment [4—7] and the increased recreational use
of marijuana, it is important to understand the demographic
profile of marijuana users. However, there is very little infor-
mation regarding marijuana users in the context of surgery,
especially in orthopaedic surgery. The most recent study re-
garding the usefulness of medical marijuana in the orthopae-
dic population looked at patients’ beliefs regarding the useful-
ness of medical marijuana [17]. However, this study only in-
cluded orthopaedic trauma patients, who could have different
demographics and substance-use habits compared to elective
orthopaedic surgery patients. In order to understand the effects
of marijuana use, it is important to first understand the health
profile associated with marijuana consumption. The purpose
of this study was to determine the demographics and baseline
patient-reported outcomes (PROs) of recreational marijuana
users undergoing elective orthopaedic surgery. We hypothe-
sized that patients who reported marijuana use would have
worse pain, function, and overall health status than non-users.

Patients and methods

A prospective orthopaedic database was used to evaluate pa-
tients pre-operatively from June 2015 to June 2017 at a single
institution [18]. All patients undergoing orthopaedic surgery
at our institution was eligible for enrollment into an institu-
tional review board-approved, web-based registry. All study
data was collected using the Research Electronic Data Capture
(REDCap™) data collection system. Inclusion criteria were as
follows: (1) patient undergoing orthopaedic surgery, (2) age
more than 12 years, and (3) English speaking. We decided
to include patients 12 years and older given that the rate of
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marijuana use in children aged 12 to 17 years old (7.0%) is
similar to the rate of use in adults aged 18 and over (8.3%) [1].
Similar to the National Survey on Drug Use and Health, we
sub-grouped our patients into the age groups: > 26, 18-26, and
12—18 years. Nine-hundred and thirty-seven patients were
available. Demographic data was self-reported by each re-
spondent, and each patient’s medical record was reviewed
for relevant medical history, including their American
Society of Anesthesiologists (ASA) score, smoking status,
alcohol use, and current medications.

All enrolled patients were pre-operatively administered six
of the National Institute of Health (NIH) Patient-Reported
Outcomes Measurement Information System (PROMIS) com-
puter adaptive testing questionnaires (physical function, pain
interference, fatigue, social satisfaction, anxiety, and depres-
sion; v1.2). Depending on the operative site, patients were
then administered a joint-specific legacy PRO tool. These in-
cluded the International Knee Documentation Committee
(IKDC) Subjective Knee Evaluation Form, American
Shoulder and Elbow Surgeons (ASES) Shoulder Assessment
Form, and the Brief Michigan Hand Questionnaire (BHMQ).
No joint-specific questionnaire was administered for patients
undergoing foot, ankle, or hip surgery. Two Numeric Pain
Scales (NPS) were completed to assess pain level in the sur-
gical site and pain level in the body overall. Preoperative ex-
pectations were evaluated with the Musculoskeletal Outcomes
Data Evaluation and Management System (MODEMS) ex-
pectations questionnaire. Patient activity levels were measured
using the Tegner Activity Scale (TAS), the International
Physical Activity Questionnaire (IPAQ), and Marx Activity
Rating Scales (ARS) for upper and lower extremity.

Patients were stratified into two cohorts based on their an-
swer to the question: “Have you used drugs other than those
required for medical reasons?” Patients who reported using
“marijuana,” “weed,” or “pot” were included in the
marijuana-user study cohort. Patients who denied using recre-
ational drugs, or reported using drugs other than marijuana,
were included in the control cohort (marijuana non-users).
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Statistical analysis

Descriptive statistics were used to summarize all study vari-
ables (means, medians, standard deviations, and frequency).
Demographic and clinical data were compared using the
Wilcoxon rank sum test for continuous variables and the
Pearson chi-squared test or Fisher’s exact test (when more
than 20% of cells had frequencies <5) for categorical vari-
ables. In order to determine which current procedural termi-
nology (CPT) codes were significant independent predictors
of marijuana use, one-way analysis of variance (ANOVA)
tests were performed, wherein marijuana use was the factor
and the CPT code performed was the response. Given our
large sample size, and the inherent risk of multiple-test bias,
we used the false discovery rate (FDR)-adjusted p value to
determine significance (p < 0.05).

We used bootstrap forest partitioning to evaluate the con-
tribution of all demographic and clinical variables as possible
predictors of the response (marijuana use—YES). The ten
highest-ranked predictors, marijuana use, and those factors
identified though bivariate analysis to be significantly associ-
ated with marijuana use were then entered as independent
variables in our multivariable model, with each respective
PRO as a dependent variable. Our final list of predictors in-
cluded marijuana use, age, number of surgeries, marital status,
smoking status, BMI, overall expectations, gender, education
level, alcohol consumption, pre-operative opioid use, history
of depressions or anxiety, injury prior to surgery, operative
joint, and primary procedure. We performed a backwards
elimination stepwise technique using least squares multivari-
able linear regression that started with all of the predictors in
the model. Our model was validated using a maximum vali-
dation RSquare method, where a stopping rule was imposed to
avoid overfitting the model. The least contributory indepen-
dent variable with the largest p value was removed, and the
model was recalculated. This was repeated until only statisti-
cally significant (p <0.05) variables remained. We used
bootstrapped forest partitioning to determine which proce-
dures (CPT codes) were possible predictors of lower extremity
activity and pain intensity, respectively, among those patients
who used marijuana pre-operatively. The ten highest ranked
predictors for each measure were then analyzed using
ANOVA tests to determine which were significantly associat-
ed with lower scores on each measure in marijuana users.
Statistical software JMP Pro, version 13, software (JMP®,
version 13. SAS Institute Inc., Cary, North Carolina) was used
for all analyses.

Results

Our study population included a total of 937 patients, 4.2%
(n =40) of whom reported marijuana use. When compared to

non-users, patients who used marijuana were significantly
younger (33.4 vs. 42.6 years, p = 0.0007) and had fewer total
previous surgeries (1.83 vs. 3.18, p=0.015) (see Table 1).
When analyzed by age group, patients 18-26 years old had
a significantly greater likelihood to be marijuana users (p =
0.0009) (Table 2). The majority of our patients were male (7 =
518, 55%) and white (n =523, 56%). We had 461 (49%) un-
dergo knee surgery, 194 (21%) shoulder surgery, 166 (18%)
hand or wrist surgery, 53 (6%) hip surgery, 41 (4%) elbow
surgery, and 22 (2%) foot or ankle surgery (see Table 3).
Significant, independent factors associated with marijuana
use included marital status as single-never married (68 vs.
38%, p=0.0014) and a history of smoking tobacco (63 vs
31%, p <0.0001).

Of the ten most performed procedures in the overall study
population (see Table 4), the only procedure found to
be significantly associated with marijuana use was
“Arthroscopy, knee, surgical; abrasion arthroplasty (includes
chondroplasty where necessary) or multiple drilling or
microfracture” (CPT 29879, p <0.05). After controlling for
the operative site, marijuana use was a significant indepen-
dent factor in only two of 17 collected PRO measures (see
Table 5). None of the PROMIS CAT domains were found to
be associated with marijuana use. Marijuana users were
found to have a greater Marx ARS lower extremity score
(8.49 points vs. 6.10 points, p<0.012) and lower NPS
scores in the operative site (3.73 points vs. 4.97 points, p
<0.011). Multivariate regression analysis found that mari-
juana use was an independent factor only for lower pain
scores in the operative site (p < 0.05). On bivariate analysis,
marijuana users who underwent anterior cruciate ligament
reconstruction reported lower pre-operative knee pain (mean
1.00£1.00; p <0.0385). However, on multivariable analy-
sis, no specific procedure was found to be an independent
predictor of joint pain in those patients who used recreation-
al marijuana. No significant association was found between
activity level and procedure performed in recreational mari-
juana users on bivariate or multivariable analysis.

Discussion

The aim of this study was to determine the demographics and
baseline PRO of recreational marijuana users undergoing elec-
tive orthopaedic surgery. This is the first study to report on
marijuana use in an elective orthopaedic surgery population
and also has the largest cohort (n=937) of orthopaedic sur-
gery patients in the literature. We hypothesized that marijuana
users in our study population would have worse pain, func-
tion, and overall health. We found recreational marijuana
users in our orthopaedic population to be younger, have had
fewer prior surgeries, and more likely to be smokers when
compared to non-users. In contrast to our hypothesis,
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Table 1  Comparison of continuous patient demographic variables in marijuana users vs non-users in patients undergoing orthopedic surgery
Overall cohort Marijuana users Marijuana non-users p value®
937 40 897
Mean (£SD) Mean (£SD)
Mean age in years 422 (£16.6) 334 (£13.4) 42.6 (£16.6) 0.0007
Mean in BMI kg/m? 29.7 (£5.9) 28.3 (£5.9) 29.7 (£6.0) 0.235
Number of comorbidities 1.03 (£1.23) 0.88 (£1.3) 1.03 (+1.26) 0.282
MODEMS—expectations overall 439 (£0.72) 4.50 (£0.57) 439 (£0.73) 0.375
1. Relief from symptoms 443 (+0.79) 4.55 (£0.71) 4.42 (£0.80) 0.243
2. Activities 4.42 (+0.86) 4.63 (£0.59) 441 (£0.87) 0.176
3. Sleep 4.34 (£0.95) 4.44 (£0.87) 4.34 (£0.96) 0.490
4. Usual work 441 (£0.95) 4.58 (£0.81) 441 (£0.96) 0.145
5. Exercise 4.44 (+0.87) 4.57 (+0.77) 4.44 (£0.87) 0.273
6. Disability 429 (+£0.93) 423 (£1.02) 4.30 (£0.93) 0.873
Number of surgeries (ANY) 3.12 (£3.64) 1.83 (+1.88) 3.18 (£3.69) 0.015
Number of orthopedic surgeries 1.50 (£2.19) 0.90 (£1.01) 1.53 (£2.22) 0.267
Number of surgeries on operative joint 0.40 (£0.86) 0.35(£0.48) 0.40 (£0.87) 0.388

MODEMS Musculoskeletal Outcomes Data Evaluation and Management System, SD standard deviation, NR not reported, BMI body mass index

#Means of continuous variables were compared through a Wilcoxon rank sum test

recreational marijuana users had significantly lower pain
scores in the operative site and greater lower extremity activity
rating scores than non-users. Furthermore, multivariable anal-
ysis found recreational marijuana use to be a significant inde-
pendent factor of lower pain scores in the operative site.
Currently, the role of marijuana in US society is dynamic.
Although the use, sale, and possession of marijuana is illegal
under federal law, its status varies under state law [17, 19]. It is
regarded as a recreational substance, used in multiple forms,
and as a pharmacologic agent for the treatment of multiple
chronic pathologies. Marijuana is the most commonly used
controlled drug in the USA, and according to the most recent
NSDUH data collected by the Substance Abuse and Mental
Health Services Administration in 2015, an estimated 8.3%
(22.2 million) of Americans aged 12 or older were current
users of marijuana, which is greater than that reported in pre-
vious years. We found the rate of marijuana use in our

Table 2  Use of recreational marijuana by age-group

Marijuana use (n, %)

Yes No Total p value
Age Groups  >26 22 (3.1%) 688(96.9%) 710  0.0009*
1826  17(93%) 166 (90.7%) 183
12-18 1(2.3%) 43 (97.7%) 44
Total 40 (4.3%) 897 (95.7%) 937

#Pearson chi-square test

®Most likely to be recreational marijuana user (analysis of means for
proportions)
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orthopaedic outpatient population to be approximately half
(4%) of that found in national surveys. According to an advo-
cacy group, as of March 2016, 1.25 million patients are reg-
istered to use marijuana in 21 states with legal medical mari-
juana, accounting for approximately 8.1 patients per 1000
state residents [20]. This represents a slight increase from
7.7 patients per 1000 state residents in 2014. In a recent study
of 500 orthopaedic trauma patients, 60% (302) of them report-
ed having used marijuana at least once previously, and 21%
(107) reported that they used marijuana in the past year [17].

Cigarette smoking remains the leading preventable cause
of disease and premature mortality in the USA [20]. We found
marijuana use to be significantly associated with a history of
cigarette smoking. Approximately 32.5% of marijuana users
reported being current smokers, and 30% reported being for-
mer smokers. Our findings follow the trends found in other
large national studies, which report an increased prevalence of
marijuana use among cigarette smokers [21-23] and cigarette
smoking to be associated with an increased odd of marijuana
dependence [24]. Moreover, marijuana use has been associat-
ed with the persistence of smoking [25, 26] and relapse to
smoking among former smokers [27]. A recent study found
increased daily cannabis use among current, former, and non-
smokers over the past decade, with particularly rapid increases
among youth and female cigarette smokers [28]. Marijuana
use is typically ingested by inhalation, with similar symptoms
of coughing, increased sputum production, and wheezing as-
sociated with tobacco smoking [29]. Furthermore, the practice
of deep inhalation and breath-holding common in marijuana
smokers can result in increased concentrations of pulmonary
toxins, such as carboxyhaemoglobin, up to five times that of
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Table 3  Comparison of categorical patient demographic variables in marijuana users vs non-users in patients undergoing orthopedic surgery
Overall cohort Marijuana users Marijuana non-users p value*
N (%) N (%) N (%)
937 (100) 40 (4) 897 (96)
Sex
Male 518 (55) 28 (70) 490 (55) 0.0557
Female 419(45) 12 (30) 407 (45)
Ethnicity
Not Hispanic or Latino 858 (92) 35 (88) 823 (92) 0.347
Hispanic or Latino 47 (5) 2(5) 45 (5)
NR 32(3) 3(8) 29 (3)
Race
Black 326 (35) 14 (35) 312 (35) 0.989
White 523 (56) 22 (55) 501 (56)
Other 88(9) 4(10) 84 (9)
Education
Some high school or below 75 (8) 4 (10) 71 (8) 0.576
High school graduate or above 805 (86) 35 (88) 770 (86)
NR 57 (6) 1(3) 56 (6)
Employment status
Employed for wages 438 (47) 19 (48) 419 (47) 0.383
Self-employed 66 (7) 2(5) 64 (7)
Out of work and looking for work 25(3) 2(5) 23 (3)
Out of work but not currently looking for work 14 (1) 0(0) 14 (2)
Homemaker 16 2) 1(3) 15(2)
Student 135 (14) 8 (20) 127 (14)
Military 4(0) 0 (0) 4(0)
Retired 70 (7) 0(0) 70 (8)
Unable to work 98 (10) 7 (18) 91 (10)
Other 16 (2) 1(3) 15(2)
NR 55 (6) 0 (0) 55 (6)
Income
Less than $10,000 83 (9) 7 (18) 76 (8) 0.444
$10,000-$19,999 38 (4) 38 354)
$20,000-$29,999 47 (5) 1(3) 46 (5)
$30,000-$39,999 55 (6) 1(3) 54 (6)
$40,000-$49,999 42 (4) 2(5) 40 (4)
$50,000-$59,999 36 (4) 1(3) 354)
$60,000-$69,999 35(@4) 0(0) 354)
More than $70,000 272 (29) 11 (28) 261 (29)
NR 329 (35) 14 (35) 315 (35)
Marital status
Single-never married 367 (39) 27 (68) 340 (38) 0.0014
Married or domestic partnership 386 (41) 8 (20) 378 (42)
Divorced, separated, or widowed 130 (14) 5(13) 125 (14)
NR 54 (6) 0(0) 54 (6)
Smoking status
Daily 74 (8) 7 (18) 67 (7) <0.0001
Less than daily 39 4) 6 (15) 33 4)
Quit smoking 187 (20) 12 (30) 175 (20)
Never smoked 583 (62) 14 (35) 569 (63)
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Table 3 (continued)

Overall cohort Marijuana users Marijuana non-users p value*
N (%) N (%) N (%)
937 (100) 40 (4) 897 (96)
NR 54 (6) 0(0) 53 (6)
Alcohol consumption
Never 280 (30) 8 (20) 272 (30) 0.162
Monthly or less 232 (25) 13 (33) 219 (24)
2 to 4 times a month 162 (17) 11 (28) 151 (17)
2 to 3 times a week 138 (15) 5(13) 133 (15)
4 or more times a week 62 (7) 3(8) 59 (7)
NR 63 (7) 34) 63 (7)
Preoperative narcotic use
No 628 (67) 25(63) 603 (67) 0.807
Yes 241 (26) 12 (30) 229 (26)
NR 68 (7) 3(8) 65 (7)
ASA score
1 315 (34) 18 (45) 297 (33) 0.365
2 572 (61) 22 (55) 550 (61)
3 48 (5) 0(0) 48 (5)
4 2 (0) 0(0) 2 (0)
Depression or anxiety
No 750 (80) 29 (73) 721 (80) 0.432
Yes 75 (8) 6 (15) 106 (12)
NR 112 (12) 5(13) 70 (8)
Injury prior to surgery
No 335 (36) 16 (40) 319 (36) 0.216
Yes 539 (58) 24 (60) 515 (57)
NR 63 (7) 0(0) 63 (7)
Worker’s compensation
No 901 (97) 37 (93) 864 (96) 0.056
Yes 36 (4) 3(8) 33 (4)
Operative site
Shoulder 194 (21) 3(8) 191 (21) 0.388
Elbow 41 (4) 13) 40 (4)
Hand or wrist 166 (18) 9 (23) 157 (18)
Hip 53 (6) 3(8) 50 (6)
Knee 461 (49) 23 (58) 438 (49)
Foot or ankle 22 (2) 1(3) 21 (2)
Prior surgery on operative site
No 670 (72) 25 (63) 645 (72) 0418
Yes 253 (27) 14 (35) 239 (27)
NR 14 (1) 13) 13 (1)

ASA American Society of Anesthesiologists, NR not reported

# Significance of categorical values were evaluated through the use of the Pearson chi-squared test

the typical tobacco smoker [12]. Given the effects of such
toxins on intra-operative physiologic parameters and the
post-operative implications of poor healing and increased
morbidity seen in tobacco smokers, marijuana users may also
benefit from similar peri-operative health optimization.

@ Springer

We found that marijuana users have lower pre-operative
pain scores in the operative site and higher activity scores,
and the multivariate analysis confirmed that marijuana use
was a significant independent predictor of less pre-operative
pain. The current evidence examining the role of marijuana as
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Table 4 Most common procedures in overall cohort
CPT  Procedure N
29881  Arthroscopy, knee, surgical; with meniscectomy (medial OR lateral, including any meniscal shaving) 130
including debridement/shaving of articular cartilage (chondroplasty), same or separate compartment (s),
when performed
29888"  Arthroscopically aided anterior cruciate ligament repair/augmentation or reconstruction 118
29876  Arthroscopy, knee, surgical; synovectomy, major, 2 or more compartments (e.g., medial or lateral) 104
29879 Arthroscopy, knee, surgical; abrasion arthroplasty (includes chondroplasty where necessary) 91
or multiple drilling or microfracture
29882  Arthroscopy, knee, surgical; with meniscus repair (medial OR lateral) 76
29826 Arthroscopy, shoulder, surgical; decompression of subacromial space with partial acromioplasty, 66
with coracoacromial ligament (i.e., arch) release, when performed (list separately in addition to code for primary procedure)
23430 Tenodesis of long tendon of biceps 47
27447  Arthroplasty, knee, condyle and plateau; medial AND lateral compartments with or without patella resurfacing (total knee arthroplasty) 41
29827  Arthroscopy, shoulder, surgical; with rotator cuff repair 40
23472  Arthroplasty, glenohumeral joint; total shoulder (glenoid and proximal humeral replacement (e.g., total shoulder)) 33

#Those CPT codes in bold were significantly associated with preoperative marijuana use (p <0.05)

Recreational marijuana users who underwent anterior cruciate ligament reconstruction were associated with lower preoperative pain in their knee

an analgesic is unclear [8, 30-32]. High-level clinical studies
evaluating marijuana therapy for pain demonstrate the com-
plex effects of marijuana-related analgesia [32]. A recent sys-
tematic review and meta-analysis of 28 randomized controlled
trials among 254 patients with chronic pain indicated that,
compared to placebo, cannabinoids were associated with a
greater reduction in pain (37 vs. 31%; OR 1.41, 95% CI
0.99 to 2.00) and greater average reduction in numeric pain
ratings (— 0.46, 95% CI —0.80 to —0.11) [33]. Another system-
atic review of 18 randomized controlled trials studying the
effectiveness of cannabis or cannabinoids for the treatment
of non-cancer pain found a statistically significant improve-
ment in pain intensity in their participants [9].

Chronic pain affects a wide range of outcomes that are
typically assessed using self-reported measures, susceptible
to recall biases, current mood, and pain intensity [34, 35].
The marked variation in pain intensity for a given painful
stimulus can possibly be explained by symptoms of depres-
sion or anxiety, by stress and by catastrophic thinking or
kinesiophobia [36]. The findings of studies that support the
notion that marijuana can produce acute pain-inhibitory ef-
fects among individuals with chronic pain may explain the
associations highlighted in our study. However, many of these
trials were limited by small sample sizes and heterogeneity
with respect to the route of cannabis administration [30, 31,
37]. It is important to highlight that given the mixed results of
these studies, more research is needed to understand the effi-
cacy, dose-response effects, routes of administration, and side
effects of marijuana products commonly used in the USA.

Multimodal pain management for the control of severe
post-operative pain includes options such as additional surgi-
cal procedures [38], non-steroidal anti-inflammatory drugs
(NSAIDs) [39], narcotic analgesics, continuous epidural

anesthesia, patient-controlled analgesia (PCA) devices, nerve
blocks, or local infiltration analgesia (LIA) [40-42]. The use
of parenteral opioid drugs administered by means of PCA is
generally the most commonly used method, but it is often
associated with adverse reactions, including nausea and
vomiting, respiratory compromise, altered mental status, con-
stipation, and urinary retention. Recent studies have showed
that patients receiving LIA had significantly lower pain levels
post-operatively [42], less post-operative opioid use, and bet-
ter early rehabilitation [40, 41].

In the present opioid epidemic affecting the USA, we must
consider any and all methods of limiting prescription opioids.
Studies have found that pre-operative opioid use is associated
with worse post-operative outcomes, an increased incidence
of in-hospital mortality, and increased rate of complications
[43, 44]. Given the association of marijuana and pain identi-
fied in our study, a consideration should be given to its role in
pain management. A recent study found that states with laws
permitting medical marijuana had a 24.8% lower mean annual
opioid overdose mortality rate (95% CI, —37.5 to —9.5%;
p=.003) compared with states without such laws [45]. In
contrast to opioids, acute overdose with marijuana is very
uncommon. The fatal dose of marijuana is between 15 and
70 g [46], which is much greater than the use by a heavy
recreational user [47]. Marijuana is not without adverse ef-
fects. The cumulative probability estimate of transition to de-
pendence was 8.9% for cannabis users [48]. Studies have
demonstrated a dose-related impairment in reaction time, in-
formation processing, perceptual motor coordination, motor
performance, attention, and tracking behavior [49], clearly
establishing a link between marijuana intoxication and the risk
of motor vehicle accidents [50]. Additional adverse effects on
health and well-being associated with marijuana have been
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Table 5  Analysis of PROMIS and other patient-reported outcome measures in preoperative marijuana users vs non-users in patients undergoing
orthopaedic surgery

Marijuana users (+SD) Non-marijuana users (£SD) p value®
PROMIS—physical function 41.6 (£8.63) 42.4 (£8.77) 0.781
PROMIS—pain interference 59.5 (£7.74) 60.9 (+£7.33) 0.247
PROMIS—fatigue 52.6 (£10.12) 52.6 (+10.56) 0.995
PROMIS—social satisfaction 43.1 (£10.03) 42.1 (£9.54) 0.335
PROMIS—anxiety 56.2 (£8.96) 55.1 (£9.11) 0.516
PROMIS—depression 50.3 (£8.79) 49.2 (£9.55) 0431
IKDC 432 (£17.91) 39.1 (+18.09) 0.186
ASES—overall 48.8 (£32.01) 43.3 (£21.50) 0.841
ASES—function 40.0 (£33.11) 37.6 (+25.10) 0.939
MHQ 75.4 (£3.42) 74.3 (£10.82) 0.796
IPAQ—MET (minutes/week) 3648.7 (+4166.8) 3426.6 (£4072.6) 0.903
Tegner ARS (pre-injury problem) 6.92 (£2.16) 6.44 (£2.38) 0.373
Tegner ARS (current/pre-surgery) 2.63 (+2.18) 243 (+=1.94) 0.484
Marx upper ARS 12.36 (£6.07) 1143 (£5.71) 0.232
Marx lower ARS 8.49 (£6.11) 6.10 (£5.89) 0.012
Operative site pain 3.73 (£3.17) 497 (£2.84) 0.011
Body pain 1.65 (£2.78) 1.63 (£2.39) 0.559

PROMIS Patient Reported Outcome Measure Information Systems, /KDC International Knee Documentation Committee, ASES American Shoulder and
Elbow Surgeons, MHQ Michigan Hand Questionnaire, /PAQ-MET International Physical Activity Questionnaire-Metabolic Equivalent, ARS Activity

Rating Scale

* All p values were determined through the use of a Wilcoxon rank sum test

reported, which include the exacerbation of psychiatric disor-
ders, diminished long-term cognitive function, and possible
cardiorespiratory pathology [51].

This study is limited by its design as a cross-sectional
study. This prohibits the ability to define a causal relationship
of'the observed findings. Given that participation is voluntary,
the study is limited by self-selection bias. It is also possible
that marijuana use may have been underreported. Given the
dynamic legal status of marijuana, patients may have been
apprehensive to disclose their personal substance use habits.
Another limitation is the method of assessing reported drug
use. Patients were solely asked whether or not they used drugs
other than those for medical reasons and which drugs they
used. Neither the frequency of use nor quantity was included
in our study. Therefore, stratification based on frequency and
dosage of use could not be done. However, the large size (n >
900) and diversity of the study population are strengths that
should limit these shortcomings.

Conclusion

Compared to non-users, pre-operative marijuana users were
younger, more likely to be single, have had fewer prior oper-
ations, and more likely to be either current or former cigarette
smokers. Furthermore, marijuana users had lower pain scores

@ Springer

in the operative site and had higher activity rating scores for
the lower extremity. Marijuana use was corroborated to be an
independent predictor of lower pain scores. The results inform
orthopedic surgeons of the demographics and health profile of
marijuana users in a large, diverse population undergoing or-
thopaedic surgery. Further research is necessary to determine
the effects of marijuana use on this population.
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