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Abstract
Background Opioid prescription management is challenging for orthopaedic surgeons, and we lack evidencebased guidelines for responsible opioid prescribing. Our
institution recently developed opioid prescription guidelines for patients undergoing several common orthopaedic
procedures including TKA and THA in an effort to reduce
and standardize prescribing patterns.
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Questions/purposes (1) How do opioid prescriptions at
discharge and 30-day reﬁll rates change in opioid-naı̈ve
patients undergoing primary TKA and THA before and
after implementation of a novel prescribing guideline
strategy? (2) What patient, surgical, and in-hospital factors
inﬂuence opioid prescription quantity and reﬁll rate?
Methods New institutional guidelines for patients undergoing TKA and THA recommend a maximum postoperative prescription of 400 oral morphine equivalents
(OME), comparable to 50 tablets of 5 mg oxycodone or 80
tablets of 50 mg tramadol. All opioid-naı̈ve patients, deﬁned
as those who did not take any opioids within 90 days preceding surgery, undergoing primary TKA and THA at a single tertiary care institution were evaluated from program
initiation on August 1, 2017, through December 31, 2017, as
the postguideline era cohort. This group (n = 751 patients)
was compared with all opioid-naı̈ve patients undergoing
TKA and THA from 2016 at the same institution (n = 1822
patients). Some providers were early adopters of the guidelines as they were being developed, which is why January to
July 2017 was not evaluated. Patients in the preguideline and
postguideline eras were not different in terms of age, sex, race,
body mass index, education level, employment status, psychiatric illness, marital status, smoking history, outpatient use
of benzodiazepines or gabapentinoids, or diagnoses of diabetes mellitus, peripheral neuropathy, or cancer. The primary outcome assessed was adherence to the new guidelines
with a secondary outcome of opioid medication reﬁlls ordered
within 30 days from any provider. Multivariable logistic regression analyses were performed with outcomes of guideline
compliance and reﬁlls and adjusted for demographic, surgical, and patient care factors. Patients were followed for 30
days after surgery and no patients were lost to followup.
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Results Median opioid prescription and range of prescriptions decreased in the postguideline era compared with
the preguideline era (750 OME, interquartile range [IQR]
575-900 OME versus 388 OME, IQR 350-389; difference of
medians = 362 OME; p < 0.001). There was no difference
among patients undergoing TKA before and after guideline
implementation in terms of the 30-day reﬁll rate (35% [349
of 1011] versus 35% [141 of 399]; p = 0.77); this relationship was similar among patient undergoing THA (16% [129
of 811] versus 17% [61 of 352]; p = 0.55). After controlling
for relevant patient-level factors, we found that implementation of an institutional guideline was the strongest
factor associated with a prescription of # 400 OME (adjusted odds ratio, 36; 95% conﬁdence interval, 25-52; p <
0.001); although a number of patient-level factors also were
associated with prescription quantity, the effect sizes were
much smaller.
Conclusions This study provides a proof of concept that
institutional guidelines to reduce postoperative opioid
prescribing can improve aftercare in patients undergoing
arthroplasty in a short period of time. The current report
evaluates our experience with the ﬁrst 5 months of this
program; therefore, longer term data will be mandatory to
determine longitudinal guideline adherence and whether
the cutoffs established by this pilot initiative require further
reﬁnement for individual procedures.
Level of Evidence Level II, therapeutic study.

Introduction
A recent report from our institution examined postoperative
prescribing patterns for 25 common elective procedures
across a wide spectrum of surgical disciplines in opioidnaı̈ve patients [14]. TKA and THA resulted in the two
highest median postoperative opioid prescriptions as measured by oral morphine equivalents (OME). Furthermore,
these procedures also had the highest variability in prescription quantity. Finally, despite having the highest median postoperative prescription, patients undergoing TKA
also displayed the highest reﬁll rate at 49% (second highest
of all 25 procedures was 20%) [14]. Orthopaedic surgeons
are the third highest opioid prescribers with TKA and THA
accounting for much of this utilization [4]. The American
Academy of Orthopaedic Surgeons recently made efforts to
improve opioid prescribing a primary goal, introducing
widespread public service announcements and providing
education materials to assist surgeons in more effectively
managing pain with an online “Pain Relief Toolkit” in addition to other impactful measures [4]. Various strategies
have been proposed for arriving at responsible and judicious
use of opioids in orthopaedic patients. Multimodal perioperative pain management strategies have drastically

Clinical Orthopaedics and Related Research®

improved postoperative pain after TKA and THA, enabling
shorter hospital stays and greater participation in early rehabilitation [1, 8]. Nevertheless, prescriptions at the time of
hospital discharge remain, as yet, unaffected by these initiatives [14]. Current postdischarge opioid-prescribing
practices after surgery typically are not evidence-based
and often involve prescribing arbitrary round numbers of
pills at the discretion of the surgeon [14]. The Centers for
Disease Control and Prevention (CDC) suggest that the
treatment of acute pain should be limited to < 7 days [2], and
the state of Massachusetts has gone as far as to restrict opioid
prescriptions for acute pain to a 7-day supply [11]. A proposed Minnesota state guideline recommends no more than
7 days or 200 OME (25 tablets of 5 mg oxycodone) after
a surgical procedure [12]. These guidelines are informed by
data recently published by the CDC, which identiﬁed a sharp
increase in the risk of long-term opioid use for patients
prescribed > 5 days of opioids [13]. However, the amount of
opioids appropriate for pain management after orthopaedic
surgical procedures remains undeﬁned. Therefore, it is incumbent on orthopaedic surgeons to provide procedurespeciﬁc data to inform the creation of guidelines and policy.
Through consensus from a multidisciplinary team, our department recently developed and implemented novel postoperative opioid-prescribing guidelines for opioid-naı̈ve
patients undergoing a variety of common orthopaedic procedures including TKA and THA. We evaluate the process
and initial results of this program, speciﬁcally in the primary
TKA and THA populations, while also identifying targets
for incremental reﬁnement.
This study attempts to answer the following questions:
(1) How do opioid prescriptions at discharge and 30-day
reﬁll rates change in opioid-naı̈ve patients undergoing
primary TKA and THA before and after implementation of
a novel prescribing guideline strategy? (2) What patient,
surgical, and in-hospital factors inﬂuence opioid prescription quantity and reﬁll rate?

Materials and Methods
This retrospective study drew from a number of longitudinally maintained data sources at the Mayo Clinic
(Rochester, MN, USA) from January 2016 to December
2017. The ﬁrst group included all eligible patients who
underwent primary TKA or THA in 2016 before the
implementation of departmental procedure-speciﬁc opioidprescribing guidelines. The second group included all eligible patients who underwent primary TKA or THA from
August 1, 2017, to December 31, 2017, after formal initiation of the program. Some providers were early adopters
from January to July 2017 while the guidelines were being
developed; therefore, this time period was excluded from
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Table 1. Summary of new departmental guidelines for maximum opioid prescriptions in opioid-naı̈ve patients
Representative
Level conditions
1

2

3

4

Acute fracture
Radiculopathy
Carpal tunnel
Knee scope
ACL
reconstruction
Thumb
reconstruction
MTP fusion
Ankle ORIF
Shoulder scope
Wrist fracture ORIF
Minor spine
surgery
THA
TKA
TSA
Major spine
surgery

Maximum
OME

Tramadol
(50 mg)*

Hydrocodone
(5 mg) *

Oxycodone
(5 mg)*

Hydromorphone
(2 mg) *

100

20

20

15

15

Oxycodone (5 mg) +
tramadol (50 mg) *
Oxycodone–8
Tramadol–8
Oxycodone–15

200

40

40

25

25

Tramadol–20

300

60

60

40

40

Oxycodone–20
Tramadol–30

50

Oxycodone–25
Tramadol–40

400

80

80

50

*OME conversion factors: tramadol: 0.1 = 50-mg tablet tramadol = 5 OME; hydrocodone: 1.0 = 5-mg tablet hydrocodone = 5 OME;
oxycodone: 1.5 = 5-mg tablet oxycodone = 7.5 OME; hydromorphone: 4.0 = 2-mg tablet hydromorphone = 8 OME; OME = oral
morphine equivalent (mg); ACL = anterior cruciate ligament; MTP = metatarsal phalangeal; ORIF = open reduction and internal
ﬁxation; TSA = total shoulder arthroplasty.

analysis. The program was initially conceived and evaluated as an institutional quality improvement project and
granted an exemption from our institutional review board
to allow publication of results because of the potential
importance of the ﬁndings.
Our department designed guidelines for a variety of
common orthopaedic procedures using multidisciplinary input from orthopaedic surgeons, anesthesiology pain management specialists, health policy experts, orthopaedic
advanced practice providers, pharmacists, and nurses. The
guidelines established four levels of magnitude for procedures
(Table 1). These guidelines were driven primarily by expert
opinion with attention toward evaluation of internal data
showing prescription quantities that did not result in excess
reﬁll requests. Providers were recommended to prescribe
a maximum OME for an opioid prescription based on the
procedure level: Level 1 = 100 OME, Level 2 = 200 OME,
Level 3 = 300 OME, and Level 4 = 400 OME. Both TKA and
THA were designated Level 4 procedures along with total
shoulder arthroplasty and major spine surgery. The guidelines
also provide conversions to the number of tablets that may be
prescribed for different opioids (Table 1). As a reference, 400
OME is approximately equivalent to 50 tablets of 5 mg
oxycodone, 80 tablets of 50 mg tramadol, 50 tablets of 2 mg
hydromorphone, and 80 tablets of 5 mg hydrocodone.

Recommendations were provided for clinicians who prefer to
discharge patients with a combination of milder versus more
potent opioids. For example, Level 4 procedures allowed
a maximum of 25 tablets of 5 mg oxycodone in conjunction
with 40 tablets of 50 mg tramadol (Table 1). Guidelines are
communicated clearly to patients at the preoperative visit and
during the hospital stay. During the evaluated study period,
there was no concurrent pain-management protocol standardization while patients remained in the hospital nor did the
current iteration of the guidelines include recommendations
for nonopioid pain medications.
Study participants were deemed eligible if they underwent primary TKA or THA at our institution in the
deﬁned study period and were opioid-naı̈ve at the time of
surgery. Patients were considered opioid-naı̈ve if they had
not used opioids or obtained an opioid prescription within
90 days before surgery. Reﬁlls were deﬁned as any opioid
prescribed from 1 to 30 days after discharge regardless of
where the reﬁll originated, thus including those written by
surgeons, emergency department providers, or primary
care providers. In addition to demographics, a variety of
factors were analyzed based on procedure type and preversus postguideline eras (Table 2).
There were 1011 TKA preguideline patients and 399 TKA
postguideline patients; there were 811 THA preguideline
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Table 2. Demographic, patient, and operative factors among opioid-naı̈ve patients undergoing primary TKA and THA in the
preguideline and postguideline eras

Demographics
Age (years), mean 6 SD
Age (years), category (%)
< 50
50-64
65-79
80+
Sex, female (%)
Race
White
Black
Other
BMI (kg/m2), median [IQR]
BMI, $ 30 kg/m2 (%)
Education level (%)
Not available
Less than high school
High school graduate 6 some
college
College graduate 6 advanced
degree
Employment status (%)
Not available
Employed or student
Unemployed
Disabled
Retired
Other
Psychiatric illness, yes (%)
Marital status, yes (%)
Patient/operative factors
Discharge disposition (%)
Home
SNF
Outpatient gabapentin or
pregabalin, yes (%)
Outpatient benzodiazepines, yes (%)
Diabetes mellitus diagnosis, yes (%)
Peripheral neuropathy diagnosis,
yes (%)
Cancer diagnosis, yes (%)
Current smoker, yes (%)
Length of stay (days), median [IQR]
Duration of operation (hours), median
[IQR]

THA
preguideline
(n = 811)

THA
postguideline
(n = 352)

65 6 13

66 6 11

83 (10.2)
299 (36.9)
340 (41.9)
89 (11.0)
399 (49)

31 (9)
132 (38)
150 (43)
39 (11)
175 (50)

766 (95)
12 (2)
33 (4)
30 [26, 34]
393 (49)

337 (96)
3 (1)
12 (3)
30 [26, 35]
180 (51)

19
14 (4)
207 (55)

45
18 (2)
402 (53)

17
3 (1)
180 (54)

387 (41)

159 (42)

346 (45)

152 (45)

35
386 (40)
13 (1)
22 (2)
536 (55)
19 (2)
162 (16)
781 (77)

12
173 (45)
5 (1)
5 (1)
199 (51)
5 (1)
78 (20)
300 (75)

24
389 (49)
13 (2)
20 (3)
353 (44)
12 (2)
130 (16)
595 (73)

11
158 (46)
7 (2)
9 (3)
162 (48)
5 (2)
48 (14)
264 (75)

726 (72)
285 (28)
57 (6)

315 (79)
84 (21)
61 (15)

< 0.001

654 (81)
157 (19)
44 (5)

284 (81)
68 (19)
24 (7)

0.35

39 (4)
156 (15)
27 (3)

16 (4)
59 (15)
12 (3)

0.89
0.76
0.73

32 (4)
96 (12)
22 (3)

12 (3)
39 (11)
11 (3.1)

0.66
0.71
0.70

31 (3)
50 (5)
3 [2, 3]
93 [79, 111]

14 (4)
22 (6)
2 [2, 3]
93 [74, 110]

0.67
0.66
< 0.001
0.22

29 (4)
63 (8)
2 [2, 3]
89 [72, 107]

13 (4)
28 (8)
2 [1, 3]
82 [64, 103]

0.92
0.91
0.003
< 0.001

TKA
preguideline
(n = 1011)

TKA
postguideline
(n = 399)

68 6 10

68 6 10

32 (3)
323 (32)
530 (52)
126 (13)
560 (55)

15 (4)
141 (35)
195 (49)
48 (12)
230 (58)

944 (93)
21 (2)
46 (5)
32 [28, 37]
608 (60)

377 (95)
1 (1)
19 (5)
32 [28, 38]
250 (63)

60
37 (4)
527 (55)

p value
0.17
0.56

0.44
0.22

0.27
0.41
0.91

0.36

0.11
0.41

p value
0.38
0.90

0.87
0.59

0.49
0.41
0.27

0.90

0.006

0.30
0.56
0.99

BMI = body mass index; IQR = interquartile range; SNF = skilled nursing facility.
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patients and 352 THA postguideline patients. In general,
patients were not different before and after guideline implementation when stratiﬁed by procedure (Table 2). After
stratifying by procedure, the following factors did not differ
based on era: age, sex, body mass index, race, education level,
employment status, psychiatric illness (deﬁned as treated
anxiety or depression), marital status, use of outpatient benzodiazepines, diabetes, peripheral neuropathy, cancer, and
smoking status (Table 2). The following factors were found to
differ by era: percentage of patients undergoing TKA discharged to skilled nursing facilities, percentage of patients
undergoing TKA who used outpatient gabapentinoids, median operative duration for patients undergoing THA,
and median length of hospital stay for both TKA and THA
(Table 2).
All opioid-naı̈ve patients undergoing TKA or THA at
our institution within the study period were included and
followed for 30 days after discharge; no patients were
lost to followup. Observational studies of this nature
also are potentially subject to selection bias and assessor
bias. Selection bias was addressed by maintaining clear
inclusion/exclusion criteria. Assessor bias was mitigated
by separating the surgeons involved in patient care from
data analysis as well as specifying our endpoints a priori
and abstracting this information from longitudinally
maintained institutional databases.

Statistical Analysis
No a priori power calculations or sample size determinations were performed for this study. It was undertaken
as an institutional quality improvement project with
monthly assessment of performance. After 5 months of
data were acquired, the outcomes were deemed consistent and therefore worth sharing. A comparison group
of all 2016 patients was chosen to achieve a two-to-one
ratio of controls to cases. Univariate comparisons of demographics, surgical factors, in-hospital management,
discharge prescriptions, and opioid reﬁlls used Wilcoxon rank-sum and t-tests for continuous variables and
chi square and Fisher’s exact tests for categorical variables. Discharge opioid-prescribing practices in opioidnaı̈ve patients were assessed for each surgical procedure
before and after guideline implementation. Multivariable logistic regression was performed with outcomes of
guideline compliance and postdischarge reﬁlls adjusted
for demographic, surgical, and patient care factors.
There were no data points that had missing information
for at least 10 patients; therefore, these were not treated
separately. Statistical analysis was performed using
SAS Version 9.4 (SAS Institute Inc, Cary, NC, USA).
Probability values < 0.05 were considered statistically
signiﬁcant.
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Results
Reduction in Opioid Prescriptions After
Guideline Implementation
Procedure-speciﬁc guideline implementation resulted in
a reduction in both the amount of opioids prescribed and in
variability of prescribing patterns (Fig. 1). Median TKA
opioid prescriptions and range of prescriptions decreased
in the postguideline era compared with the preguideline era
(750 OME, IQR 600-900 OME versus 388 OME, IQR
338-463; difference of medians = 362 OME; p < 0.001);
this relationship was similar for the THA cohort (750
OME, IQR 575-900 OME versus 388 OME, IQR 350-389;
difference of medians = 362 OME; p < 0.001) (Table 3).
Although initial prescriptions were lower in the postguideline era, there was no difference among patients undergoing TKA before and after guideline implementation
in terms of the 30-day reﬁll rate (35% [349 of 1011] versus
35% [141 of 399]; p = 0.77) (Table 3). Likewise, among
patients undergoing THA, there was no difference in the
30-day reﬁll rate (16% [129 of 811] versus 17% [61 of
352]; p = 0.55) (Table 3).

Factors Associated With Opioid Use
After adjusting for relevant patient-level factors, guideline
implementation was the strongest factor in successfully
discharging patients undergoing TKA and THA with opioid prescriptions # 400 OME. Among patients undergoing
TKA, the improved odds ratio (OR) of achieving opioid
prescriptions # 400 OME in the postguideline era compared with the preguideline era was 25 (95% conﬁdence
interval [CI], 18-34; p < 0.001) (Table 4). Similarly, among
patients undergoing THA, the improved OR of achieving
opioid prescriptions # 400 OME in the postguideline era
compared with the preguideline era was 36 (95% CI, 2552; p < 0.001) (Table 5). Among patients undergoing TKA,
other factors contributing to a lesser degree in achievement
of opioid prescriptions # 400 OME (either increased or
decreased OR) included the following: age < 50 years
(versus 65-79 years; OR, 0.3; 95% CI, 0.1-0.7; p = 0.011);
age > 80 years (versus 65-79 years; OR, 2.9; 95% CI, 1.84.6; p < 0.001); use of outpatient gabapentinoids (OR, 2.8;
95% CI, 1.6-4.7; p < 0.001); use of outpatient benzodiazepines (OR, 0.4; 95% CI, 0.2-1.0; p = 0.040); and prolonged length of stay (OR, 2.2; 95% CI, 1.4-3.6; p < 0.001;
Table 4). Among patients undergoing THA, the only
evaluated factor contributing to achievement of opioid
prescriptions # 400 OME was age > 80 years (versus 6579 years; OR, 2.8; 95% CI, 1.6-4.9; p < 0.001) (Table 5).
After adjusting for relevant patient-level factors,
guideline implementation did not impact opioid reﬁlls
among patients undergoing TKA and THA. Among
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factors were associated with increased odds of receiving an
opioid prescription reﬁll: discharge to a skilled nursing
facility (OR, 7.8; 95% CI, 4.9-12.6; p < 0.001); current
smokers (OR, 1.9; 95% CI, 1.0-3.4; p = 0.039); and prolonged operative time (OR, 1.8; 95% CI, 1.2-2.6; p = 0.005;
Table 5).

Discussion
Fig. 1 This box-and-whisker plot demonstrates the outpatient
opioid prescriptions for both TKA and THA in the preguideline
and postguideline eras. Orange boxes represent TKA and blue
boxes represent THA; solid-colored boxes indicate the preguideline era and hashed colored boxes indicate the postguideline era. The box represents the 25th to 75th percentile IQR
and the horizontal line within the box shows the median value.
The tails from each box stretch from the 5th to 95th percentile.
The left y-axis standardizes the outpatient opioid prescription to
OME, whereas the right y-axis standardizes to 5-mg tablets of
oxycodone. The dashed horizontal line at 400 OME/50 tablets of
5 mg oxycodone represents the new guideline maximum for
primary TKA and THA in opioid-naı̈ve patients. The plot demonstrates a reduction in the discharge opioid prescription for
both TKA and THA as well as a much tighter distribution of
prescription values in the postguideline era.

patients undergoing TKA, the following factors were associated with increasing or decreasing the odds of receiving an opioid prescription reﬁll: discharge to a skilled
nursing facility (OR, 3.6; 95% CI, 2.7-4.9; p < 0.001); age
50 to 64 years (versus 65-79 years; OR, 1.4; 95% CI, 1.11.8; p = 0.016); diagnosis of anxiety or depression (OR,
1.4; 95% CI, 1.0-1.9; p = 0.026); and use of outpatient
gabapentinoids (OR, 0.6; 95% CI, 0.4-0.9; p = 0.026;
Table 4). Among patients undergoing THA, the following

Responsible and evidence-based prescribing of opioids
represents one of the most challenging contemporary issues
for orthopaedic surgeons, particularly as it pertains to
patients undergoing TKA and THA. The American Academy of Orthopaedic Surgeons has made addressing the
opioid epidemic a top priority with a well-advertised campaign aspiring toward improved evidence-based opioidprescribing strategies while still adequately addressing pain
[4]. However, there is a paucity of evidence to identify cogent opioid-prescribing practices after orthopaedic surgical
procedures [4]. Our institution recently implemented a series
of opioid-prescribing procedure-speciﬁc guidelines with
input from a multidisciplinary team. These guidelines have
been disseminated to all members of the care team and, most
importantly, are clearly communicated to patients at the
preoperative visit and during hospitalization. After early
implementation of the guidelines, we have demonstrated
a roughly 50% decrease in median opioid prescription
quantity and signiﬁcantly tighter opioid prescription ranges
without an increase in reﬁll rate.
This study must be interpreted in light of important limitations. First, given the recent implementation of these novel
guidelines, only the initial 5 months of results were reported
here; postguideline data continue to be prospectively evaluated. However, we have shown that compliance with the

Table 3. Summary of outpatient opioid prescription quantity and reﬁll rate among opioid-naı̈ve patients undergoing primary TKA
and THA in the preguideline and postguideline eras
Discharge opioid
prescriptions
Discharge prescription (%)
Opioids
No opioids
OME prescribed, median [IQR]
OME > 200 prescribed at
discharge, yes (%)
OME > 400 (guideline)
prescribed at discharge, yes (%)
Opioid reﬁll,* yes (%)

THA
preguideline
(n = 811)

THA
postguideline
(n = 352)

< 0.001
< 0.001

800 (99)
11 (1)
750 [575, 900]
790 (97)

347 (99)
5 (1.4)
388 [350, 389]
330 (94)

< 0.001
0.002

122 (31)

< 0.001

721 (89)

84 (24)

< 0.001

141 (35)

0.77

129 (16)

61 (17)

0.55

TKA
preguideline
(n = 1011)

TKA
postguideline
(n = 399)

988 (98)
23 (2)
750 [600, 900]
976 (97)

394 (99)
5 (1)
388 [338, 463]
359 (90)

900 (89)
349 (35)

p value
0.22

p value
0.93

*Within 30 days of discharge; OME = oral morphine equivalents; IQR = interquartile range.
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Table 4. Multivariable adjusted odds of achieving opioid prescription guideline goals and reﬁll requests among patients
undergoing TKA combining preguideline and postguideline eras
Odds of OME guideline noncompliance at discharge
Patient factor
Era, preguidelines (reference)
Postguidelines
Age, 65-79 years (reference)
< 50 years
50-64 years
80+ years
Sex, female (reference)
Male
BMI, < 30 kg/m2 (reference)
$ 30 kg/m2
Psychiatric illness, no (reference)
Yes
Marital status, yes (reference)
No
Discharge disposition, home
(reference)
SNF
Outpatient gabapentin or pregabalin,
no (reference)
Yes
Outpatient benzodiazepines, no
(reference)
Yes
Diabetes mellitus diagnosis, no
(reference)
Yes
Peripheral neuropathy diagnosis, no
(reference)
Yes
Current smoker, no (reference)
Yes
Cancer diagnosis, no (reference)
Yes
Diagnosis, osteoarthritis (reference)
Nonosteoarthritis
Prolonged LOS,* no (reference)
Yes
Prolonged duration of operation,*
# 75th (reference)
> 75th percentile

Guideline goal
achieved OR (95% CI)

p value

Reﬁll requested
OR (95% CI)

p value

24.6 (17.7-34.3)

< 0.001

1.2 (0.9-1.5)

0.268

0.3 (0.1-0.7)
0.8 (0.6-1.1)
2.9 (1.8-4.6)

0.011
0.189
< 0.001

1.5 (0.8-2.9)
1.4 (1.1-1.8)
0.8 (0.6-1.2)

0.208
0.016
0.278

0.9 (0.6-1.2)

0.442

1.0 (0.8-1.3)

0.955

0.8 (0.5-1.0)

0.080

1.0 (0.8-1.2)

0.794

1.1 (0.7-1.6)

0.722

1.4 (1.0-1.9)

0.026

0.9 (0.6-1.3)

0.548

1.3 (1.0-1.7)

0.086

1.4 (0.9-2.1)

0.094

3.6 (2.7-4.9)

< 0.001

2.8 (1.6-4.7)

< 0.001

0.6 (0.4-0.9)

0.026

0.4 (0.2-1.0)

0.040

1.2 (0.7-2.2)

0.563

0.9 (0.6-1.4)

0.678

1.4 (1.0-1.9)

0.053

1.1 (0.4-2.7)

0.874

1.5 (0.8-3.1)

0.228

0.7 (0.3-1.4)

0.293

1.6 (0.9-2.6)

0.084

1.0 (0.4-2.3)

0.987

1.0 (0.5-1.9)

0.947

1.0 (0.6-1.9)

0.878

0.8 (0.5-1.2)

0.191

2.2 (1.4-3.6)

< 0.001

0.8 (0.5-1.2)

0.256

1.2 (0.9-1.8)

0.232

1.2 (0.9-1.5)

0.121

*Deﬁned as postoperative LOS > 75th percentile within each procedure; OME = oral morphine equivalents; OR = odds ratio; CI =
conﬁdence interval; BMI = body mass index; SNF = skilled nursing facility; LOS = length of stay.

program has steadily increased over the ﬁrst 5 months of the
program with 54% during the ﬁrst month and 92% in the
most recent month of data capture (Fig. 2). Nevertheless,

longer term monitoring of guideline adherence will be
mandatory. Another limitation is that although these guidelines have largely achieved their original intent of curbing
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Table 5. Multivariate adjusted odds of achieving opioid prescription guideline goals and reﬁll requests among patients undergoing
THA combining preguideline and postguideline eras
Odds of OME guideline noncompliance at discharge
Patient factor
Era, preguidelines (reference)
Postguidelines
Age, 65-79 years (reference)
< 50 years
50-64 years
80+ years
Sex, female (reference)
Male
BMI, < 30 kg/m2 (reference)
$ 30 kg/m2
Psychiatric illness, no (reference)
Yes
Marital status, yes (reference)
No
Discharge disposition, home
(reference)
SNF
Outpatient gabapentin or pregabalin,
no (reference)
Yes
Outpatient benzodiazepines, no
(reference)
Yes
Diabetes mellitus diagnosis, no
(reference)
Yes
Peripheral neuropathy diagnosis, no
(reference)
Yes
Current smoker, no (reference)
Yes
Cancer diagnosis, no (reference)
Yes
Diagnosis, osteoarthritis (reference)
Nonosteoarthritis
Prolonged LOS,* no (reference)
Yes
Prolonged duration of operation,* #
75th (reference)
> 75th percentile

Guideline goal
achieved OR (95% CI)

p value

Reﬁll requested
OR (95% CI)

p value

35.5 (24.5-51.5)

< 0.001

1.2 (0.8-1.8)

0.307

0.6 (0.3-1.2)
0.9 (0.6-1.3)
2.8 (1.6-4.9)

0.139
0.559
< 0.001

1.6 (0.8-3.1)
1.2 (0.8-1.9)
1.0 (0.8-1.6)

0.159
0.363
0.888

0.9 (0.6-1.2)

0.436

0.8 (0.6-1.2)

0.368

0.8 (0.6-1.1)

0.225

0.9 (0.6-1.2)

0.402

1.2 (0.8-2.0)

0.419

1.3 (0.8-2.0)

0.325

1.5 (1.0-2.2)

0.063

1.4 (0.9-2.0)

0.112

1.3 (0.8-2.2)

0.307

7.8 (4.9-12.6)

< 0.001

0.7 (0.3-1.5)

0.379

1.3 (0.7-2.7)

0.425

2.0 (0.8-4.6)

0.120

2.0 (0.9-4.4)

0.088

1.0 (0.6-1.7)

0.923

0.6 (0.3-1.1)

0.074

1.5 (0.5-4.4)

0.485

0.9 (0.3-2.7)

0.903

0.8 (0.4-1.5)

0.453

1.9 (1.0-3.4)

0.039

1.2 (0.5-3.0)

0.679

0.7 (0.3-1.7)

0.420

1.5 (0.6-4.0)

0.400

0.6 (0.3-1.6)

0.326

1.7 (1.0-3.1)

0.062

1.6 (1.0-2.6)

0.074

1.4 (0.9-2.1)

0.118

1.8 (1.2-2.6)

0.005

*Deﬁned as postoperative LOS > 75th percentile within each procedure; OME = oral morphine equivalents; OR = odds ratio; CI =
conﬁdence interval; BMI = body mass index; SNF = skilled nursing facility; LOS = length of stay.

opioid prescriptions after TKA and THA, the guideline
threshold of 400 OME may not represent the ﬁnal value as
the program will undergo continued prospective evaluation

and reﬁnement through an iterative process. Although individual provider prescribing patterns have been quite
uniform, often with no distinction between patients
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Fig. 2 This bar graph shows the percentage of patients for
whom successful adherence to the new opioid guideline
maximum (# 400 OME at discharge) was achieved in both
patients undergoing TKA (orange) and those undergoing THA
(blue). The vertical dashed line indicates separation between
the preguideline and postguideline eras. Since implementing
the guidelines, there has been improvement from initiation
until most recent data collection (p < 0.001).

undergoing TKA and THA, it is well documented that
postoperative pain tends to be more of a challenge for
patients undergoing TKA than patients undergoing THA.
We have preliminary data (not reported) to suggest that
speciﬁc procedures yield differential yet well-correlated
amounts of tablets actually consumed by patients who
do not request a reﬁll. Therefore, the guidelines proposed
in this report may undergo reﬁnement over time. Nevertheless, a proof of concept has shown that simple guidelines establishing prescription amounts much lower than
traditional prescribing patterns, in conjunction with patient counseling on these expectations, can yield robust
improvements. Another limitation is that this study only
evaluated opioid-naı̈ve patients. Previous work suggests
that up to 25% of patients undergoing elective surgery are
opioid-tolerant [7]. This is an important group that requires
further study; however, given the wide variability of this
patient population, current guidelines only apply to opioidnaı̈ve patients.
Our study demonstrated that guideline implementation
was the most impactful factor by a wide margin on prescription reduction and consistency without a concomitant
increase in reﬁll rate. To our knowledge, this is the ﬁrst study
documenting a change of this nature through practice
guideline standardization in total joint arthroplasty. Guidelines have been suggested by a variety of governing bodies
in response to the opioid epidemic. The CDC and the states
of Massachusetts and Minnesota suggest that the treatment
of acute pain should be limited to < 7 days after a surgical
procedure [2, 11, 12]. Although well intentioned, these
declarations lack critical procedure-speciﬁc distinctions that
must be taken into account to create guidelines that maintain
appropriate care for postoperative pain. Based on our recent
experience creating specialty- and procedure-speciﬁc
opioid-prescribing guidelines, the single most important
element was involvement of a multidisciplinary team.
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Guidelines underwent several iterations as new perspectives
were considered. Establishing this group effort not only
enriched the ﬁnal product, but was also critical to ensure
buy-in from all parties who interact with patients to reinforce
the guidelines during the early execution phase. Finally, we
are unable to comment on whether guideline implementation affected clinical outcomes after TKA and THA. Longer
term followup will be required to document any differences
between groups. In particular, pain management is important
after TKA for patients to participate effectively in ROM
exercises and functional rehabilitation, and it will be important that future studies conﬁrm that the new pain management protocol does not result in decreased ROM or
poorer knee scores after TKA.
A recent report from our institution demonstrated that
among 25 common elective surgical procedures, TKA and
THA were the highest and second highest, respectively, in
terms of median opioid prescription, highest prescription
variability, and reﬁll rates despite getting the largest initial
prescriptions [14]. Since implementing guidelines, the median prescription has dropped 48% from 750 OME to 388
OME. This rapid and dramatic change highlights the power
of patient counseling, expectations management, and the
mind-body interaction with pain. Perception of pain and
conceptions on how to treat it are largely culturally entrained.
One recent series of investigations queried patients undergoing TKA and THA in America as well as part of Operation Walk in Guatemala and Nicaragua, asking patients to
rate their level of concern about 56 issues on a Likert scale.
For patients in America, “pain immediately after surgery”
ranked as the most important concern, whereas this was not
in the top half of concerns for both Central American cohorts
[9, 10]. The push to recognize pain as the “ﬁfth vital sign”
since the early 1990s has certainly contributed to the problem
in America. Providers are required to document pain level at
every encounter and treatment of pain has become a benchmark for quality and reimbursement. The convenient answer
often is more opioids; however, evidence suggests even
short-term prescriptions increase addiction risk and alter
neural pathways related to pain [13]. This can have important
downstream effects; previous work has shown opioiddependent patients have higher complication rates, increased length of stay, and higher costs [5].
Concerns were raised in our institution after implementation of the guidelines about the impact this would have
on reﬁll requests; however, we have found no differences in
the frequency of reﬁll requests after either TKA or THA.
Recent work from an academic general surgery group has
shown similarly that after implementing an education program and opioid prescription restrictions, there was not an
appreciable increase in reﬁlls [6]. As stated previously,
a limitation is that pill use remains unknown among patients
who do not request a reﬁll. This question must be elucidated
to further reﬁne the current effort. We have gathered

Copyright Ó 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

10

Clinical Orthopaedics and Related Research®

Wyles et al.

preliminary data to suggest that the total use rate is lower
among patients undergoing THA compared with patients
undergoing TKA who do not request a reﬁll; however,
further study is needed to validate our early ﬁnding. If this
proves to be the case, perhaps even shorter duration prescriptions may become a reality, yet this could also increase
reﬁll rates. One option for curbing any subsequent reﬁll
burden would be leveraging electronic prescribing of
opioids. More than 80% of pharmacies nationwide maintain the ability to handle electronic opioid prescriptions;
nevertheless, only 8% of physicians utilize this practice [3].
Our center currently does not participate in electronic
prescribing, but adoption of this service may improve
patient-speciﬁc titration of postoperative prescriptions.
In addition to guideline implementation as the driving
factor, there were other elements shown to contribute, although to a lesser degree, to opioid prescription quantity
and reﬁll rate. For example, patients discharging to a skilled nursing facility were more likely to have compliant
opioid prescriptions # 400 OME, but also more likely to
request a reﬁll. This may be related to the fact that skilled
nursing facilities more closely approximate the hospital
environment than a home setting. Prescribers trust that
a skilled nursing facility will be able to monitor how
quickly the prescription is being used, enhancing conﬁdence in writing a smaller prescription. However, nursing
staff at skilled nursing facilities work on timed protocols
similar to a hospital, offering medications on regular
schedules. This may reinforce the perceived need for pain
medication among patients and increase reﬁll rates. Other
factors that were shown to have an impact included outpatient use of gabapentinoids or benzodiazepines as well
as a diagnosis of anxiety or depression. These patient
populations have been well documented to experience
more complex perceptions of pain that alter opioid consumption [4, 7].
It is incumbent on orthopaedic surgeons to help lead the
effort to address the opioid epidemic. Data clearly support the
increased risks for addiction and opioid diversion after
overzealous postoperative prescriptions in addition to worse
postoperative clinical outcomes. The status quo will not be
solved with one singular measure, but rather through a collection of thoughtful innovations. One primary current deﬁciency is the lack of evidence-based guidelines for
procedure-speciﬁc prescriptions in the orthopaedic opioidnaı̈ve population. Perhaps the most impactful aspect of our
established guidelines is the ability to provide patient counseling that sets appropriate expectations. Mind-body interactions for pain are some of the most powerful in all of
medicine. Appropriate patient counseling and expectations
management help surgeons lead a self-fulﬁlling prophecy
toward success. This study provides a proof of concept that
development and implementation of departmental guidelines
are both possible and able to drive dramatic improvement in

a short period of time. The process outlined in this report and
the resulting successes should serve to inform the critical
debate of establishing evidence-based practices for postoperative pain management after TKA and THA.
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