
Original Research

Opioid Consumption After Arthroscopic
Meniscal Procedures and Anterior
Cruciate Ligament Reconstruction

Francis Lovecchio,*† MD, Ajay Premkumar,† MD, MPH, Tyler Uppstrom,† MD,
Jeffrey Stepan,† MD, MSc, Brittany Ammerman,† BA, Moira McCarthy,† MD,
Beth Shubin Stein,† MD, Andrew Pearle,† MD, Samuel Taylor,† MD, Kanuypria Kumar,‡ MD,
Todd Albert,§ MD, and Jo Hannafin,† MD, PhD

Investigation performed at the Hospital for Special Surgery, New York, New York, USA

Background: Procedure-specific opioid-prescribing guidelines have the potential to decrease the number of unused pills in the
home without compromising patient satisfaction. However, there is a paucity of data on the minimum necessary quantity to
prescribe for outpatient orthopaedic surgeries.

Purpose: To prospectively record daily opioid use and pain levels after arthroscopic meniscal procedures and anterior cruciate
ligament reconstruction (ACLR) at a single institution.

Study Design: Case series; Level of evidence, 4.

Methods: A total of 95 adult patients who underwent primary arthroscopic knee surgery (meniscectomy, repair, or ACLR) were
enrolled. Patients with a history of opioid dependence were ineligible. Daily opioid consumption and Numeric Rating Scale pain
scores were collected through an automated text-messaging platform starting on postoperative day 1 (POD1). At 6 weeks or at
patient-reported cessation of opioid use, final survey questions were asked. Patients who failed to complete data collection were
excluded. Opioid use was converted into “pills” (oxycodone 5-mg equivalents) to facilitate comparisons and clinical applications.
Factors associated with high and low opioid use were compared.

Results: Of the 95 patients enrolled, 71 (74.7%) were included in the final analysis. Of these, 40 (56.3%) underwent meniscal
surgery and 31 (43.7%) underwent ACLR. After outpatient arthroscopic meniscectomy or repair, the total median postdischarge
opioid use was 0.3 pills (oxycodone 5-mg equivalents), with 75% of patients consuming 3.3 or fewer pills (range, 0-19 pills). For ACLR,
the median postdischarge consumption was 7 pills (75th percentile, 23.3 pills; range, 0-41 pills). Almost one-third of patients (32.3%)
took no opioids after surgery (3 ACLR, 20 meniscus). All meniscus patients and 71% of ACLR patients ceased opioid consumption by
postoperative day 7.

Conclusion: Opioids may not be necessary in all patients, particularly after meniscal surgery and in comparison with ACLR. For
patients requesting opioids for pain relief, reasonable prescription quantities are 5 oxycodone 5-mg pills after arthroscopic
meniscal procedures and 20 5-mg pills after ACLR. Slowing the current opioid epidemic and preventing future crises is
dependent on refining prescribing habits. Clinicians should strongly consider patient education regarding expected pain as
well as pain management strategies.

Keywords: opioid-prescribing guidelines; meniscectomy; meniscal repair; opioid consumption; anterior cruciate ligament
reconstruction

In an effort to ensure functional recovery and adequate
pain relief after orthopaedic surgery, providers have
tended to overprescribe opioid pain medications.8,18 Past
prescribing habits were in part responsible for the cur-
rent opioid crisis, as patients have been left with signif-
icant amounts of leftover medication.8 Unused pills in the
home are a risk for diversion for misuse by the patient,

family, or friends.1 Patient education on proper disposal
and institutional and municipal efforts to increase access
to disposal centers are the methods by which the risk of
diversion posed by unused pills can be addressed.11 How-
ever, source control is also a key aspect of a comprehen-
sive opioid risk reduction strategy. The standardization
of prescribing practices through institutional guidelines
has been shown to reduce the amount of opioids pre-
scribed at discharge.10,20,21 Unfortunately, there is a lack
of data on opioid consumption after discharge for many
orthopaedic procedures, precluding the creation of
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evidence-based as well as procedure- and patient-specific
prescribing guidelines.9

There is a particular need for studies on postdischarge
opioid use after outpatient surgery, as there is no inpatient
consumption data on which to base the discharge prescrip-
tion, a common recommendation in many narcotic-
prescribing guidelines.10,20 Knee arthroscopy and anterior
cruciate ligament reconstruction (ACLR) are 2 of the most
common outpatient orthopaedic procedures.6 As such,
establishing the minimum necessary quantity of opioids
to prescribe after these procedures stands to reduce the
overall quantity of leftover medication on a broad scale.
To our knowledge, only 1 study has investigated patterns
of postdischarge opioid use after knee arthroscopy,26 and
no studies have been specifically designed to report
postdischarge opioid use as a primary outcome after ACLR.
The primary purpose of this study was to prospectively
record daily opioid use and pain levels after arthroscopic
meniscal procedures and ACLR at a single institution.
These findings can be used to help establish benchmarks
for interventions aiming to decrease opioid use and begin to
inform procedure-specific opioid-prescribing guidelines.

METHODS

After approval by the institutional review board, a prospec-
tive observation study of patients undergoing arthroscopi-
cally assisted ACLR or arthroscopic meniscectomy, repair,
or debridement was conducted. Exclusion criteria included
pediatric patients (skeletally immature), non-English
speakers, revision surgery, opioid dependence (defined as
daily opioid use in the 6 months prior to surgery), or a
diagnosis of chronic pain in the patient’s chart. Chronic
pain diagnoses were made by institutional pain specialists
after referral by the primary surgeon.19 Research assis-
tants identified and obtained consent from potential
patients in the surgeon’s offices or the preoperative holding
area. Surgeries were performed under spinal or regional
anesthesia (adductor block and sedation) by 1 of 6
fellowship-trained orthopaedic sports surgeons, with the
assistance of a fellow, resident, or physician assistant. All
surgeries were performed between January 2018 and June
2018 on an outpatient basis at either the main hospital or
an ambulatory surgery center associated with the institu-
tion. Given the observational nature of the study and to
minimize the impact of the Hawthorne effect, surgeons

participating in the study were not asked to change their
pain- relief strategies, physical therapy regimens, or refill
policies in any way. In general, with meniscal repairs being
the exception, patients were weightbearing as tolerated
after the procedure without range of motion restrictions.

A total of 95 patients consented and were enrolled. At the
time of enrollment, patients were asked about their history
of substance abuse, psychiatric history, and opioid use.
Daily opioid users (6 months preoperatively) were
excluded. Those who had taken opioids on a nondaily
basis in the 6 months before surgery were classified as
“intermittent opioid use” during analyses. Enrolled
patients’ cell phone numbers were entered into an auto-
mated text messaging–based data collection system, cre-
ated by 2 of the coauthors (F.L. and A. Premkumar)
specifically for use in this study. As an alternative method
of recording opioid use, a paper pain diary was available for
patients without cell phones; however, no enrolled patients
elected to use the pain diary. The platform is hosted by a
third party; all technical details were thoroughly reviewed
with the hospital’s informational technology department to
ensure HIPAA (Health Information Portability and
Accountability Act) compliance. The system was initially
piloted for use after total joint arthroplasty and has also
been used to study opioid use after spine surgery.17 Char-
acteristic, prescription, procedural, and clinical data were
extracted from the electronic medical record.

Primary outcomes of interest (opioid use and pain levels)
were automatically collected through responses to daily
text queries to the patients’ phones, sent at the same time
every evening. At the time of enrollment, research assis-
tants counseled patients on what medications could be clas-
sified as an opioid. Starting from the time of discharge from
the hospital, patients were asked for the number of “opioid
pain medication” pills consumed and their average pain
level, as measured by the Numeric Rating Scale (NRS), over
the prior 24 hours. These daily queries continued until the
patient completed 6 weeks of data collection or self-reported
opioid cessation. Specifically, patients who reported 4 con-
secutive days of taking no opioids were asked whether they
had stopped taking opioids. Depending on the patient
response, the system would automatically continue the
daily queries or prompt the final survey questions. Final
survey questions included adverse effects, number of
remaining pills, and method of handling leftover pills. For
those patients who did not respond to the final survey ques-
tions via text message, research assistants attempted to
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contact them through telephone to obtain the answers ver-
bally. Refills were recorded from the state’s electronic pre-
scription monitoring system. In the case that the electronic
medical record was unclear regarding an initial prescrip-
tion, the state’s electronic prescription registry was queried
to resolve the discrepancy.

Patients who completed at least 50% of the daily text
messages and responded to the final survey questions were
included in the final analyses. This response rate has been
previously deemed sufficient in electronic survey research.14

Patients whose procedures were misclassified or changed
intraoperatively (eg, an open or revision procedure) were
excluded from final analyses. Opioid use was converted into
oral morphine equivalents (OMEs). To facilitate the compre-
hension of prescription and consumption quantities, opioid
use was also converted into oxycodone 5-mg equivalents; the
conversion ratio was 7.5 OME to one 5-mg oxycodone.

Statistical Analysis

All statistical analyses were performed using SPSS (Version
22; IBM). Descriptive statistics, including proportions, med-
ians, and means, are reported for outcomes of interest as
appropriate. Categorical variables were compared using chi-
square tests (Fischer exact test when appropriate), and con-
tinuous variables were compared using Student t tests. Linear
regression was utilized to analyze the relationship between
the initial opioid prescription and the amount of opioid con-
sumed. The sample was divided into high and low opioid use
(top or bottom half of total opioid consumption), and charac-
teristic, prescription, procedural, and clinical factors were
compared between the cohorts. To adjust for confounding, a
nonparsimonious logistic regression model, including age,
body mass index, sex, index procedure, alcohol use, marijuana
use, smoking status, psychiatric history, concomitant nonste-
roidal anti-inflammatory medication (NSAID) prescription,
and type of opioid prescription, was created to identify inde-
pendent predictors of high or low opioid use. Significance was
determined by a type 1 error of P < .05.

RESULTS

Of the 95 patients enrolled, 71 patients (74.7%) were
included in the final analysis. Two surgeries were con-
verted to open procedures, 2 patients underwent an
unplanned medial collateral ligament repair, 5 were revi-
sion procedures, 8 patients did not complete 50% of the
daily text messages, and 7 patients did not complete the
final survey questions and could not be reached by tele-
phone. Table 1 demonstrates the characteristics of the
study sample. The mean age was 39.9 years (range, 17-64
years), with a fairly even distribution of sex (46.5% males vs
53.5% females). No patient met the criteria for intermittent
opioid use. A total of 8 patients (11.3%) had a documented
psychiatric diagnosis, 7 (9.9%) were recreational marijuana
users, 2 (2.8%) were current smokers, and 13 (18.3%) con-
sumed more than 7 alcoholic drinks per week.

Forty patients (56.3%) underwent a meniscal procedure
and 31 (43.7%) underwent ACLR. Of those patients who

underwent a meniscal procedure, 5 (12.5%) underwent a
repair (4 all-inside, 1 outside-in), and the remainder under-
went meniscectomy. In patients undergoing ACLR, the
graft choices included ipsilateral hamstring autograft (18;
58.1%), patellar bone-tendon-bone autograft (5; 16.1%), and
allograft (8; 25.8%). A total of 57 (80.3%) patients received a
prescription for an NSAID while 7 (9.9%) received a pre-
scription for acetaminophen.

Figures 1 and 2 display initial opioid prescription
quantities and total opioid consumption for each patient
broken down by procedure. After outpatient arthroscopic
meniscectomy or repair, the total median postdischarge
opioid use was 0.3 oxycodone 5-mg equivalents, with 75%

of patients consuming 3.3 or fewer pill equivalents

TABLE 1
Characteristics of Study Samplea

Age, y, mean ± SD (range) 39.9 ± 13.1 (17-64)
BMI, kg/m2, mean ± SD (range) 26.6 ± 5.2 (18.3-43.9)
Sex

Male 33 (46.5)
Female 38 (53.5)

Smoking
Nonsmoker 69 (97.2)
Current smoker 2 (2.8)

Alcohol use
None 11 (15.4)
1-6 drinks/week 47 (66.2)
7-13 drinks/week 11 (15.5)
�14 drinks/week 2 (2.8)

Marijuana use
None 64 (90.1)
Current use 7 (9.9)

Surgery
Meniscal procedure 40 (56.3)
ACLR 31 (43.7)

Inpatient stay, d
0 67 (94.4)
1 4 (5.6)

History of psychiatric disorderb 8 (11.3)
Type of opioid prescribed

Tramadol 2 (28.8)
Oxycodone 47 (66.2)
Hydrocodone 22 (31.0)
Hydromorphone 1 (1.4)

NSAID prescription
Yes 57 (80.3)
No 14 (19.7)

Tylenol prescription
Yes 7 (9.9)
No 64 (90.1)

Adductor blockc

Yes 24 (77.4)
No 7 (22.6)

aData are expressed as n (%) unless otherwise indicated. ACLR,
anterior cruciate ligament reconstruction; BMI, body mass index;
NSAID, nonsteroidal anti-inflammatory drug.

bDefined as medically diagnosed psychiatric disorder, either
self-reported or in patient’s medical record.

cReported only for ACLR patients; no adductor blocks were
performed for meniscal procedures.
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(range, 0-19 pills). Total postdischarge opioid consump-
tion ranged from 0 to 18.6 pill equivalents (0-140 OME).
Of all patients, 20 (50%) took no narcotics after meniscal
surgery.

For ACLR, the median postdischarge consumption was
7 oxycodone 5-mg equivalents, with 75% of patients con-
suming 23.3 pill equivalents or fewer. Total postdischarge
opioid consumption ranged from 0 to 41 pill equivalents
(0-307.5 OME). A total of 3 patients (9.7%) took no narco-
tics after surgery. Expectedly, patients who underwent
ACLR consumed more narcotics compared with those
undergoing meniscal procedures (mean, 12.8 ± 13.6 vs
2.5 ± 4.2; P < .001).

Thirteen patients (18.3%) completed their initial pre-
scription, while 3 (4.2%) obtained a refill during the study
period (all ACLR) (Table 2). Most patients had narcotics left
over (81.7%). The mean quantity of leftover medication was
6.6 pill equivalents (49.2 OME), whereas the maximum

number of leftover pill equivalents was 40. One in 4
patients (23.9%) had the equivalent of over 10 oxycodone
5-mg pills left. Half of those with leftover medications
answered that they would keep their residual medication
(49.0%), whereas only a minority (11.7%) reported appro-
priate methods of disposal (return to pharmacy, bring to
police station/drop-off center).

NRS pain scores and daily opioid consumption decreased
steadily over the first postoperative week, with pain scores
always falling in the mild to moderate range (Figure 3). Only
9 patients (12.7%) took opioids beyond postoperative day 7
(POD7) (all ACLR). The longest period of consumption was
18 days. No patient was taking opioids at the 6-week mark.

Linear regression was utilized to analyze the relation-
ship between the total oxycodone 5-mg pill equivalents
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TABLE 2
Opioid Use Dataa

n OME
% or

Range

No. of patients completing
initial prescription

13 — 18.3

Opioid refills within 6 weeks
of surgery

3 — 4.2

Pills consumedb 6.9 ± 10.6 51.9 ± 79.5 0-41
Pills left overb 6.6 ± 8.8 49.2 ± 65.9 0-40
Method of disposalc

Destroy/throw away 20 — 39.2
Keep 25 — 49.0
Return to pharmacy

or authorities
6 — 11.7

aDashes indicate not applicable. OME, oral morphine equivalent.
bReported as mean ± SD and range. “Pill,” 5-mg oxycodone

equivalent.
cReported as percentage of 51 patients (13 patients reported no

pills remaining, 7 patients did not answer).
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prescribed and consumed for each patient, (R2 ¼ 0.436)
(Figure 4). Univariate comparisons between patients in
the top and bottom half of opioid consumption revealed
that the only factors associated with opioid use were the
type of surgical procedure (high use 67.6% ACLR vs low
use 22.2% ACLR; P < .001) and psychiatric diagnoses
(high use 20% vs low use 2.8%; P ¼ .022) (Table 3). The
multivariate regression was underpowered, precluding
meaningful conclusions.16

DISCUSSION

After outpatient arthroscopic meniscectomy or repair, the
median postdischarge opioid use was 0.3 oxycodone 5-mg
pill equivalents, with 75% of patients consuming 3.3 or
fewer pill equivalents. With regard to ACLR, the median
postdischarge consumption was 7 pill equivalents, with
75% of patients consuming 23.3 of fewer. Almost one-third
of patients (32.3%) took no opioids after surgery. All
patients undergoing meniscal procedures and 77% of ACLR
patients ceased opioid use after the first week. While only 1
in 6 patients finished their prescriptions, a mere 1 in 20
obtained a refill.

These findings have several implications regarding the
minimum necessary quantity of opioid that should be
recommended by opioid-prescribing guidelines after outpa-
tient meniscal procedures or ACLR. A prescription for 5
oxycodone 5-mg pills is a reasonable prescription amount
after all meniscal procedures, which should account for opi-
oid consumption of over 75% of patients, without leaving
patients with excessive amounts of unused pills. With
regard to ACLR, a guideline sanctioning a low amount as
an initial prescription should theoretically increase refill
requests; however, the true increase is likely overesti-
mated, given that less than one-third of those patients who
completed their prescription acquired a refill. The

discrepancy between completing initial prescriptions and
requesting refills has been noted in prior investigations
on opioid use after knee and shoulder arthroscopy.8,26 Fur-
thermore, a recent randomized trial of opioid prescriptions
after arthroplasty found that larger prescriptions were
associated with higher consumption, without affecting
patient satisfaction.4 Thus, we believe 20 oxycodone 5-mg
pills is a reasonable initial prescription quantity. Given
that the opioid consumed increased dramatically beyond
20 pills (see Figure 2), targeting a higher percentile of use
in the initial prescription would likely leave many patients
with large numbers of unused pills without substantially
decreasing refill requests or affecting satisfaction.

The opioid use figures reported in our study are slightly
lower than those reported in a similar prospective observa-
tional study of 221 patients who underwent outpatient
knee arthroscopy (76.9% meniscectomy, 5.9% meniscal
repair, 8.6% chondroplasty, 6.3% loose body removal, and
2.3% debridement).26 Patients recorded postoperative opi-
oid use in a pain diary, which was collected by study staff on
their first postoperative visit. The median postoperative
use was 7 hydrocodone 5-mg equivalents, equal to 4.67 oxy-
codone 5-mg equivalents (75th percentile, approximately 7
oxycodone 5-mg pills). Differences in consumption may be
explained by the initial prescription quantity. While 68.5%
of the patients in our study received a prescription of <30
oxycodone 5-mg pill equivalents, 66.9% of patients in the
study by Wojahn et al26 received 40 or more pill equivalents
at discharge. First, our linear regression suggested an asso-
ciation between prescription quantities and overall use, an
association corroborated in past research.4 Second, geo-
graphical variation between the studies may also have
played a role in opioid consumption.15 Third, our study was
performed almost 1.5 years later (began May 2016 vs Jan-
uary 2018), during a time in which public awareness of the
dangers of opioids rapidly increased. Regardless of this,
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both studies support the notion that many patients take
very few pills—43% of study patients in the study by
Wojahn et al26 consumed fewer than 3.3 oxycodone 5 mg.
Thus, while the actual numbers were slightly variable, the
clinical difference in opioid consumption of 2 to 3 pills is
small and the 2 studies are similar in their conclusions.

This study also presents several key findings regarding
the content of educational components that should be con-
sidered in any prescribing guideline. First, patients may be
counseled that postoperative opioid use is likely to cease
within the first few days, 1 week at a maximum—findings
similar to previous research.26 Second, there is a great need

for education on pill disposal and access to medication dis-
posal centers. Half of the patients with leftover pills
reported that they would keep their leftover medications,
putting the medication at high risk for diversion to friends
or family or for later use by the patient in dangerous sce-
narios. Lack of access or knowledge regarding pill disposal
methods is a common theme in the literature.8,18 For insti-
tutions that wish to minimize refill requests by increasing
initial prescription sizes, guidelines that provide clear,
easy-to-understand instructions on pill destruction meth-
ods and pill disposal centers are essential to mitigate the
increased risk of diversion of leftover medication. Third,
given that multimodal analgesia is the standard of care,
patients should be counseled on the role of opioids within
multimodal analgesia, the possible adverse effects, and the
emergence of dependency with long-term use. Last, the
wide variety of opioid use seen among the population sam-
ple suggests that blind adherence to a prescribing guideline
can be potentially harmful. Almost one-third of patients
(half of meniscus patients) took no narcotics after surgery,
suggesting that patients should not be universally pre-
scribed narcotics after meniscectomy or ACLR. In many
countries outside of the United States, opioids are not rou-
tinely prescribed after procedures such as ankle fracture
fixation or hip replacement.2,5 In the United States, previ-
ous investigations have also shown a contingent of patients
who take no to very few opioids after procedures such as 1-
level spine surgery or total joint replacement.49 Providers
may consider asking patients if they would like an opioid
prescription at discharge instead of prescribing narcotics
after every case.

Deciphering the predictors of increased use within this
spectrum is likely to remain challenging. Individualized
prescriptions for postoperative opioid use, based on pre-
dictive modeling of known influential factors, could help
us to better define expected use, potentially eliminating
leftover medication and refill requests. However, our find-
ings corroborate past research,3,4,26 concluding that post-
operative opioid consumption is difficult to predict. While
there is substantial evidence12,23 behind factors associated
with the development of chronic opioid consumption or
long-term use, these factors (male sex, depression, chronic
back pain, and preoperative opioid use) have not been con-
sistently borne out as risk factors for increased immediate
postoperative consumption.4,26 While the development of
chronic opioid consumption is a greater health hazard for
the patients themselves, understanding the factors asso-
ciated with short-term use is essential to individualizing
prescriptions that can reduce the number of leftover pills
available for diversion. Despite testing a variety of factors
for associations, very few have been found to be associated
with increased opioid use in the acute postoperative
period. Two studies found that male sex and postoperative
pain levels were associated with narcotic consumption (of
note, 1 study was in a pediatric population), whereas
another study reported associations with smoking and
preoperative opioid use in the month before surgery.3,4,26

Notably, ours is the first to report a significant association
with history of a psychiatric disorder (P ¼ .022), one of the
factors most commonly reported in studies on chronic opioid

TABLE 3
Comparison of Characteristics Between High

and Low Opioid Use Patient Cohortsa

Low Use
(n ¼ 36)

High Use
(n ¼ 35) P

Age, mean ± SD 41.7 ± 13.9 38.1 ± 12.2 .310
BMI, mean ± SD 26.6 ± 4.7 26.4 ± 5.7 .864
Sex

Male 20 (55.6) 13 (37.1) .120
Female 16 (44.4) 22 (62.9)

Smoking
Nonsmoker 34 (94.4) 35 (100) .157
Current smoker 2 (5.6) 0

Alcohol use
<7 drinks/week 32 (88.9) 26 (74.3) .112
�7 drinks/week 4 (11.1) 9 (25.7)

Marijuana use
None 33 (91.7) 31 (88.6) .662
Current use 3 (8.3) 4 (11.4)

Surgery
Meniscal procedure 28 (77.8) 12 (34.3) <.001
ACLR 8 (22.2) 23 (65.7)
Inpatient stay, d

0 35 (97.2) 32 (91.4) .290
1 1 (2.8) 3 (8.6)

History of psychiatric disorder
No 35 (97.2) 28 (80.0) .022
Yes 1 (2.8) 7 (20.0)

Type of opioid prescribed
Tramadol 1 (2.8) 1 (2.9) .697
Oxycodone 23 (63.9) 24 (68.5)
Hydrocodone 12 (33.3) 9 (25.7)
Hydromorphone 0 1 (2.9)

NSAID prescription
No 5 (13.9) 9 (25.7) .211
Yes 31 (86.1) 26 (74.3)

Tylenol prescription
No 32 (88.9) 32 (91.4) .720
Yes 4 (11.1) 3 (8.6)

Adductor blockb

Yes 7 (87.5) 17 (73.9) .429
No 1 (12.5) 6 (26.1)

aDefined as above or below the median use (3 oxycodone 5-mg
pills, 22.5 OME). Data are expressed as n (%), unless otherwise
indicated. ACLR, anterior cruciate ligament reconstruction; BMI,
body mass index; NSAID, nonsteroidal anti-inflammatory medica-
tion.

bReported only for ACL patients.
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use.12,22 Interestingly, no study, including ours, has found
an association between adjunct analgesics (nonsteroidal
anti-inflammatory medications, acetaminophen, or gaba-
pentin) and total opioid consumption after discharge.3,4,26

While a lack of power may explain the largely negative
findings of ours and others on predictors of increased post-
operative opioid use, another potential explanation is that
we do not understand, or are not accurately capturing, the
drivers behind postoperative opioid consumption. Over the
first postoperative week, the median NRS pain scores and
opioid consumption both decreased (see Figure 3). How-
ever, while pain scores remained in the moderate range,
slowly decreasing over time, the mean opioid consumption
decreased at a much faster rate. This suggests that there is
a complex relationship between a patient’s opioid use and
the patient’s level (or experience) of pain, and that pain
likely has a nonlinear relationship with opioid consump-
tion. This theory is further supported by the slight uptick
in the median reported pain level on POD7, as the small
portion of patients who remained on opioids at that point
likely had an atypical pain experience. There is a wide body
of research showing that side effects, patient-specific
knowledge regarding opioids, objective nociception, inher-
ent gene-specific metabolism, and levels of pain catastro-
phizing are all factors that may influence patient
consumption.5,7,13,24,25 Future studies should be specifi-
cally directed at targeting these “nontraditional” factors if
we are to advance our knowledge about postoperative opi-
oid consumption and the patient-specific pain experience.

There were several limitations of this investigation.
First, while the anonymous, automated data collection sys-
tem was designed to minimize reporting bias through col-
lecting daily data (instead of weekly/monthly reports),
opioids are currently a controversial topic, and there may
have been underreporting of consumption. However, the
effect of this reporting bias was likely minimal; Wojahn
et al26 verified patient-reported pill counts with counts
made by research assistants, finding identical numbers in
85% of cases. Second, while this was not the primary pur-
pose of the investigation, the study was underpowered to
detect independent associations with opioid use, as evi-
denced by the failure of the multivariate analysis to reach
significance for any tested factor. Furthermore, as dis-
cussed, there are likely several factors that influence opioid
use that were not measured or accounted for in this
study.5,7,13,24,25 Third, given that attitudes and prescribing
patterns have been shown to vary by state, the findings of
this study may be limited in their nationwide applicabil-
ity.15 International applications of these findings are pre-
cluded by marked differences in the use of opioids for pain
relief.2,5,27 Fourth, we were unable to account for surgical
variability or differences in invasiveness between the pro-
cedures. The surgical technique of ACLR and meniscect-
omy was no doubt slightly different among the surgeons
in this study. Regardless of this, any procedure-specific pre-
scribing guideline must make assumptions of surgical con-
sistency in order to be clinically useful. We would
encourage providers to specifically examine opioid use
within their own patients to help further refine prescrip-
tion quantities in the setting of identical surgical

techniques. Fifth, because of the study power, we were not
able to draw meaningful conclusions regarding opioid con-
sumption based on the ACL graft choice or the type of
meniscal procedure. Sixth, given that we could not control
for over-the-counter medication taken by study partici-
pants, we cannot draw strong conclusions regarding the
effect of NSAIDs or acetaminophen. Given that modern
postsurgical pain relief is standardized to include a compo-
nent of multimodal analgesia (cryotherapy, anti-
inflammatory medications, adjunct analgesics, etc),19 any
guideline for opioid prescriptions should include a modern
multimodal analgesia concept as a component. Last, we did
not control the initial prescription amounts, potentially
influencing average opioid consumption and the conclu-
sions of this investigation.4

CONCLUSION

We present several important findings that should be incor-
porated into the creation of opioid-prescribing guidelines
after arthroscopic meniscal procedures and ACLR. Given
that almost one-third of patients did not take opioids after
surgery, opioids should be offered on an as-needed basis
and not universally prescribed. After meniscal procedures,
75% of patients consumed 3.3 or fewer oxycodone 5-mg
equivalents. After ACLR, the median postoperative con-
sumption was 7 oxycodone 5-mg equivalents, with 75% of
patients consuming 23.3 pill equivalents or fewer. Consid-
ering these numbers, for those patients who are prescribed
opioids, 5 oxycodone 5-mg pills after meniscectomy and 20
pills after ACLR are reasonable initial prescription quanti-
ties that should allow for satisfactory pain relief without
leading to excessive numbers of unused pills or refill
requests. Prescribing guidelines should include large sec-
tions on patient education regarding opioid use and proper
medication disposal methods, and institutions must
increase access to and awareness of disposal centers. Opioid
use is widely variable and difficult to predict, making blind
adherence to a quantitative prescribing protocol potentially
harmful. Clinical judgment must be utilized in all circum-
stances, and patients that are taking excessive amounts of
opioids (with regard to the benchmarks presented in this
study) should be followed closely and frequently. Future
research should be directed at validating quantitative,
procedure-specific prescribing guidelines, investigating the
wide variety of biopsychosocial factors that may affect opi-
oid use, and predictive modeling of postoperative opioid
consumption.
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