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Background: Risk-factor identification related to chronic opioid use after surgery may facilitate in-
terventions mitigating postoperative opioid consumption. We evaluated the relationship between opioid
use preceding total hip arthroplasty (THA) and total knee arthroplasty (TKA), and chronic use post-
operatively, and the risk of chronic opioid use after total joint arthroplasty.
Methods: All primary THAs and TKAs performed during a 6-month period were identified. Opioid pre-
scription and utilization data (in oxycodone equivalents) were determined via survey and electronic
records. Relationship between preoperative opioid use and continued use >90 days after surgery was
assessed via Chi-square, with significance set at P < .05.
Results: A total of 415 patients met inclusion criteria (240 THAs and 175 TKAs). Of the 240 THAs, 199
(82.9%) patients and of the 175 TKAs, 144 (82.3%) patients agreed to participate. Forty-three of 199 (21.6%)
THA patients and 22 of 144 (15.3%) TKA patients used opioids within 30 days preoperatively. Nine of 199
(4.5%) THA and 10 of 144 (6.9%) TKA patients had continued use of opioids for >90 days postoperatively.
Preoperative opioid consumption was significantly associated with chronic use postoperatively for THA
(P ¼ .011) and TKA (P ¼ .024). Five of 43 (11.6%) THA and 4 of 22 (18.2%) TKA patients with preoperative
opioid use had continued use for >90 days postoperatively. For opioid naïve patients, 2.6% (4/156) of THA
and 4.9% (6/122) of TKA patients had chronic use postoperatively.
Conclusions: Preoperative opioid use was associated with nearly 5-fold and 4-fold increase in percentage
of patients with chronic opioid use after THA and TKA, respectively. Surgeons should counsel patients
regarding this risk and consider strategies to eliminate preoperative opioid use.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

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

Opioids are commonly a part of postoperative painmanagement
protocols after total hip arthroplasty (THA) and total knee arthro-
plasty (TKA). However, opioid use is associatedwith substantial risk
in terms of side effects, accidental overdose, illicit diversion, and
addiction [1-4]. The United States currently represents <5% of the
ebanon, NH 03756, USA. Tel.:
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world’s population yet consumes approximately 80% of the global
opioid supply [5]. The 1990s and early 2000s brought an increase in
opioid prescriptions that was partially driven by administrative
efforts of organizations, such as the Joint Commission on Accredi-
tation of Healthcare Organizations, to redefine the conceptualiza-
tion of pain management by patients and providers [6-8]. As of
2009, orthopedic surgeons are the third highest prescribers of
opioids among physicians, responsible for an estimated 7.7% of
opioid prescriptions in the United States [5].

Elective primary THA and TKA are among the most common
orthopedic procedures performed in the United States with de-
mand expected to continue to increase [9,10]. Adequate pain
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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management after these procedures has widespread impact,
including recovery of functional mobility and autonomy, utiliza-
tion of health resources, and patient satisfaction [11-13]. Opioids
remain a cornerstone of postoperative pain management pro-
tocols [4,13-15]. It is imperative that surgeons understand patient
opioid utilization after total joint arthroplasty, as strategies to
minimize patient opioid requirements and reduce the risk of
opioid overprescription postoperatively may be identified [16].
Moreover, it is important to understand that postoperative opioid
utilization can lead to persistent use in some patients [17]. Iden-
tification of risk factors related to chronic use of opioids after
surgery may facilitate interventions to mitigate postoperative
opioid use. Our study sought to investigate the relationship be-
tween preoperative opioid consumption and chronic opioid use
after THA and TKA. We hypothesized that the use of opioids pre-
operatively would increase the risk of chronic opioid utilization
after THA and TKA and that patients with lower satisfaction levels
of postoperative pain control would be at higher risk of chronic
opioid consumption.
Table 1
Description of initial study sample.

Patient characteristics Total hip
arthroplasty (n ¼
199)

Total knee
arthroplasty (n ¼ 144)

P
value

Age, mean (SD) 66.5 (10.2) 66.9 (10.0) .757
Gender, percent female 102 (51.3%) 93 (64.6%) .014a

Race .400
White 194 (97.9%) 144 (100%)
Black 1 (0.2%) 0 (0)
Asian 1 (0.2%) 0 (0)
Native American 2 (0.5%) 0 (0)

Hispanic ethnicity 1 (0.5%) 2 (1.4%) .383
Preoperative opioid useb 43 (21.6%) 22 (15.3%) .140
Operative time in minutes,

mean (SD)
143.8 (28.8) 137.1 (24.2) .023a

Pain control satisfactionc .004a

5 (Completely satisfied) 165 (82.9%) 104 (72.2%)
4 15 (7.5%) 19 (13.2%)
3 3 (1.5%) 13 (9.0%)
2 5 (2.5%) 4 (2.8%)
1 (Not satisfied at all) 11 (5.5%) 4 (2.8%)

Postoperative opioid
analgesic prescribed

.099

Oxycodone 124 (62.3%) 72 (50%)
Hydromorphone 52 (26.1%) 58 (40.3%)
Hydrocodone 6 (3.0%) 3 (2.0%)
Tramadol 13 (6.5%) 9 (6.3%)
Morphine 2 (1.0%) 2 (1.4%)
None 2 (1.0%) 0 (0%)

a Statistically significant
b Pre-operative opioid use within the 30 days prior to surgery
c Pain control satisfaction rated on a scale of 1-5, with 1 representing “not

satisfied at all” and 5 representing “completely satisfied”
Material and methods

This retrospective study was performed as part of an ongoing
initiative to evaluate opioid prescription practices and utilization at
our institution [4,18]. Internal review board approval was obtained
before the performance of this study. All English-speaking patients
aged 18 years or older who underwent elective primary THAs and
TKAs performed by 8 arthroplasty surgeons at our institution be-
tween March 2015 and September 2015 were identified based on
billing information and included in the study. Criteria for exclusion
were patients who underwent surgery in the setting of acute
trauma, revision procedures, and those who experienced post-
operative complications necessitating revision surgery within the
first postoperative year. Patients who met inclusion criteria were
contacted via telephone between December 2016 and March 2017,
at a minimum of 14 months postoperatively, and asked to partici-
pate in a survey to obtain information on opioid utilization, excess
opioids, and their satisfaction with postoperative pain control. Pa-
tients were queried regarding their satisfaction with pain control
using a Likert scale of 1-5, with 1 representing “not satisfied at all”
and 5 representing “completely satisfied”. This method of assessing
satisfaction with pain management has been widely used in liter-
ature and is incorporated into various validated patient-reported
outcome measures [19-22].

For all patients included in the study, we evaluated electronic
medical record and survey data pertaining to preoperative opioid
use (defined as having used opioids within 30 days before surgery)
and postoperative opioid prescriptions. All opioids were converted
to oxycodone equivalents (1 pill¼ 5mg oxycodone) using an opioid
analgesic equivalence chart [23,24]. At our institution, opioids are
usually prescribed upon discharge as part of a multimodal pain
management strategy after total joint arthroplasty, which includes
acetaminophen, gabapentin, and nonsteroidal anti-inflammatory
drugs given before surgery, and continued for 1 month post-
operatively. This multimodal approach is consistent across sur-
geons but is not standardized for each patient, as adjustments to
the regimen prescribed may be made for individual patient factors
at the surgeons’ discretion.

Chi-square test was used to evaluate the relationship between
preoperative opioid use and continued use of opioids for >90 days
after surgery. Statistical significance was set at P < .05. Statistical
analysis was performed using Stata Version 14 (StataCorp., College
Station, TX; StataCorp LP, 2016).
Results

A total of 415 patients met inclusion criteria (240 THAs and 175
TKAs). Of these patients, 82.9% (199/240) of THA and 82.3% (144/
175) TKA patients were able to be contacted and agreed to partic-
ipate. Among our sample, THA and TKA patients were similar with
regard to age, race, ethnicity, preoperative opioid use, and type of
opioid prescribed postoperatively, as shown in Table 1. The number
of pills prescribed upon discharge was similar for both procedures,
with THA patients receiving a median of 90 pills (range 20-330
pills) and TKA patients also receiving amedian of 90 pills (range 10-
200 pills). The THA cohort consisted of significantly fewer female
patients (102/199, 51.3%) than TKA patients (93/144, 64.6%) (P ¼
.014). THA patients also had significantly longer mean operative
time than TKA patients (143.8 ± 28.8 vs 137.1 ± 24.2 minutes) (P <
.023). Furthermore, there was significant variation in pain control
satisfaction between THA and TKA groups, with a higher percent-
age of THA patients reporting that they were “very satisfied” with
their pain control (P ¼ .004).

For THA patients, 21.6% (43/199) were using opioids during the
30 days preceding surgery, and these patients were similar in terms
of gender, race, ethnicity, operative time, and postoperative pain
control satisfaction to those who were not. The mean age of opioid
users was 5 years lesser than that of nonusers, which was signifi-
cant (P¼ .005). Therewas no difference in the type of postoperative
opioid prescribed as shown in Table 2. Of the patients who un-
derwent TKA, 15.3% (22/144) of patients used opioids before sur-
gery and were similar in terms of age, gender, race, ethnicity,
postoperative pain control satisfaction, and type of postoperative
opioid prescribed compared with patients with no opioid use, as
shown in Table 3. Operative time was significantly longer for TKA
patients using opioids before surgery (148.4 ± 28.1 minutes) than
that for those who were not (135.1 ± 22.9 minutes) (P ¼ .016).



Table 2
Comparison of patients using opioids pre-operatively and patients who were not
using opioids in the 30 days prior to total hip arthroplasty.

Variable of interest No pre-operative
opioid use (n ¼ 156)

Pre-operative opioid
use (n ¼ 43)

P
value

Age, mean (SD) 67.6 (9.7) 62.6 (11.0) .005a

Gender, percent female 84 (53.9%) 18 (41.86%) .164
Race .218
White 152 (98.1%) 42 (97.7%)
Black 0 (0) 1 (2.3%)
Asian 1 (0.7%) 0 (0)
Native American 2 (1.3%) 0 (0)

Hispanic Ethnicity 0 (0) 1 (2.4%) .053
Operative Time in

minutes, mean (SD)
143.2 (28.8) 145.9 (29.0) .587

Pain control satisfactionb .446
5 (Completely satisfied) 132 (84.6%) 33 (76.4%)
4 11 (7.1%) 4 (9.3%)
3 3 (1.9%) 0 (0)
2 3 (1.9%) 2 (4.7%)

1 (Not satisfied at all) 7 (4.5%) 4 (9.3%)
Post-operative Opioid

Analgesic Prescribed
.870

Oxycodone 96 (61.5%) 28 (65.1%)
Hydromorphone 42 (26.9%) 10 (23.3%)
Hydrocodone 4 (2.6%) 2 (4.7%)
Tramadol 10 (6.4%) 3 (7.0%)
Morphine 2 (1.3%) 0 (0)
None 2 (1.3%) 0 (0)

a Statistically significant
b Pain control satisfaction rated on a scale of 1-5, with 1 representing “not

satisfied at all” and 5 representing “completely satisfied”
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In total, 4.5% (9/199) of THA patients demonstrated continued
opioid use for >90 days postoperatively, of which 5 had preoper-
ative opioid use, constituting 11.6% (5/43) of the THA patients with
opioid use within 30 days before surgery. For TKA, 6.9% (10/144) of
patients demonstrated continued opioid use for >90 days
Table 3
Comparison of patients using opioids pre-operatively and patients who were not
using opioids In the 30 days prior to total knee arthroplasty.

Variable of interest No pre-operative opioid
use (n ¼ 122)

Pre-operative opioid
use (n ¼ 22)

P
value

Age, mean (SD) 67.4 (9.4) 63.7 (12.8) .111
Gender, percent female 81 (66.4%) 12 (54.55%) .285
Race .218
White 122 (100%) 22 (100%) NA
Black 0 (0) 0 (0)
Asian 0 (0) 0 (0)
Native American 0 (0) 0 (0)

Hispanic Ethnicity 2 (1.7%) 0 (0) .544
Operative time in

minutes, mean (SD)
135.0 (22.9) 148.4 (28.1) .016a

Pain control satisfactionb .247
5 (Completely satisfied) 87 (71.3%) 17 (77.3%)
4 18 (14.8%) 1 (4.5%)
3 9 (7.4%) 4 (18.2%)
2 4 (3.3%) 0 (0)
1 (Not satisfied at all) 4 (3.3%) 0 (0)

Postoperative opioid
analgesic prescribed

.315

Oxycodone 62 (50.8%) 10 (45.5%)
Hydromorphone 47 (38.5%) 11 (50%)
Hydrocodone 3 (2.5%) 0 (0)
Tramadol 9 (7.4%) 0 (0)
Morphine 1 (0.82%) 1 (4.6%)
None 0 (0) 0 (0)

SD, standard deviation.
a Statistically significant.
b Pain control satisfaction rated on a scale of 1-5, with 1 representing “not

satisfied at all” and 5 representing “completely satisfied”.
postoperatively, of which 4 had preoperative opioid use, or 18.2%
(4/22) of patients with preoperative use. Preoperative opioid use
was found to be significantly associated with the continued use of
opioids for >90 days after surgery for both THA (P ¼ .011) and TKA
(P ¼ .024). Excluding patients with preoperative opioid use from
analysis, 2.6% (4/156) of THA and 4.9% (6/122) of TKA patients
demonstrated continued opioid use for >90 days postoperatively as
shown in Figure 1.

Discussion

Our study demonstrates that <3% of THA and <5% of TKA pa-
tients that are opioid naïve before joint replacement will continue
to use opioids beyond 90 days postoperatively. These findings are
comparable to those seen in other major nonorthopaedic surgeries
including cardiac, thoracic, abdominal, and pelvic procedures [25-
27]. Within our sample, preoperative opioid use was significantly
associated with a 5-fold increase in likelihood of chronic opioid use
after THA and nearly 4-fold increased risk in TKA patients. This
substantial increased risk in noneopioid-naïve patients represents
an easily identifiable and potentially modifiable risk factor for
opioid mitigation strategies in total joint arthroplasty. While prior
studies have suggested that preoperative opioid use may be a risk
factor for prolonged opioid use after total joint arthroplasty and
identified risk factors such as female sex, younger age, hypnotic use,
and depression [28-31]. Our study is the first to demonstrate that
any opioid use preoperatively, regardless of the origin for the pre-
scription, places patients at a substantial increased risk of chronic
opioid use postoperatively and is independent of both post-
operative pain control satisfaction and type of opioid included in
postoperative pain management protocols. The specific opioid used
may not be as clinically significant as we believe, and the risks
associated with prolonged opioid use are unlikely unique to indi-
vidual medications. The lack of a significant difference between
patients’ satisfaction with pain control and opioid use is a unique
finding lacking in current literature. We believe our findings
contribute to the current understanding of risks associated with
opioid use after THA and TKA and support that long-term opioid
prescriptions fail to improve pain control satisfaction.

Of note, there are several differences between opioid naïve pa-
tients and those using opioids preoperatively in both the THA and
TKA cohorts. Patients with preoperative opioid consumption were
on average several years younger, which was significant for THA,
but not TKA. In addition, no difference was observed in post-
operative opioid pain control satisfaction compared with opioid
naïve patients. Despite these differences, our data clearly identify
opioid consumptionwithin 30 days before surgery as an important,
potentially modifiable risk factor for prolonged postoperative
opioid use in patients undergoing THA or TKA. While there were a
greater percentage of THA patients who were “completely satis-
fied” with their pain control, in alignment with prior arthroplasty
studies demonstrating THA patients having significantly lower
overall postoperative pain levels than their TKA counterparts,
[32,33] a significant risk for continued consumption remains. Our
study contributes to the growing body of evidence demonstrating
that opioid use preceding total joint arthroplasty results in poorer
clinical outcomes, increased postoperative length of stay, greater
cost, higher readmission rates, and increased risk revision rates
[29,34-36]. Identification of patients using opioids before surgery
facilitates the implementation of opioid-weaning protocols and
may not only limit postoperative chronic opioid use but also pro-
mote improved clinical outcomes, as described by Nguyen et al.
[37].

It is important to note that previous literature has identified
that most preoperative opioid prescriptions originate from
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nonorthopaedic providers, [36] and the conditions for which
these medications are prescribed continue to expand [38]. It is not
uncommon for patients to be using opioids preoperatively, and
our study demonstrates the importance of surgeons counseling
these patients on the risks associated with the continued use of
opioids in the month before total joint arthroplasty. Furthermore,
surgeons may consider collaborating with referring prescribing
providers, as this offers a potential area of meaningful interven-
tion. Our study is not without limitations. The retrospective na-
ture of our study design precluded controlling for all patient
factors that might affect opioid utilization. However, we attemp-
ted to contact all patients who underwent these procedures dur-
ing the study period, and participation rate was high at
approximately 82% for both THA and TKA. Therefore, we believe
the included sample of patients is representative of our patient
population. Furthermore, reasons for preoperative opioid use
were not evaluated in this study. While this consideration merits
further investigation, we believe that the value of simply identi-
fying any opioid use, irrespective of primary reason, by patients
within the 30 days before joint replacement as a risk factor for
chronic use is immense, as it is something that can be quickly and
easily screened for during the preoperative period. Another limi-
tation is that the method by which pain control satisfaction was
ascertained in this study relies upon patient recollection and self-
reporting. While these may be subject to bias, this method has
been used successfully in prior studies, and this limitation is
inherent to the use of a survey for these types of subjective
measures [39]. Finally, the generalizability of our findings may be
limited, as the population we serve in northern New England is
largely homogenous in terms of race and ethnicity, limiting our
ability to assess the influence of these demographic factors on
opioid utilization.
Conclusions

Despite the stated limitations, we believe this study is an
important evaluation of postoperative opioid prescription and
utilization after THA and TKA. Our results demonstrate that pre-
operative opioid use within the 30 days before surgery is a signif-
icant predictor of opioid utilization for >90 days after surgery.
Patients using opioids before THA or TKA should be counseled
regarding their increased risk of postoperative use, and surgeons
should consider strategies to eliminate preoperative opioid use in
this patient population.
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