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Aim:We studied changes in opioid prescriptions and corticosteroid injection use for knee osteoarthritis pa-

tients before and after intra-articular hyaluronic acid (HA) use and opioid prescriptions before and after

knee arthroplasty (KA). Materials & methods: A total of 1,017,578 knee osteoarthritis members were as-

certained from a commercial claims database (Health Intelligence Company LLC, IL, USA) using ICD9/ICD10

diagnosis codes. Results: Eighty two percent of HA patients did not �ll opioid prescriptions postinjection,

with 54% of opioid users discontinuing �lls. Two-thirds of KA patients �lled opioid prescriptions within

6 months postsurgery, with 78% of opioid users continuing �lls and 62% of nonusers initiating use. Con-

clusion: Alternative therapies, such as HA, that reduce opioid use may alleviate opioid addiction risks for

KA patients who use opioids in the pre- and postoperative periods.
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Opioid use has received extensive national attention in the US due to misuse and dependence, as well as the elevated

risk of overdose and overdose-related deaths. In response to the opioid epidemic, the CDC published guidelines in

2016 on the appropriateness of prescribing opioids for chronic pain [1,2]. The guidelines expressed that clinicians

need to carefully reassess evidence of individual benefits and risks when increasing opioid dosage to at least 50

morphine milligram equivalents (MME) per day. They also recommend avoiding or carefully justifying a decision

for dosing at least 90 MME/day. Opioids are one of the options for managing pain from knee osteoarthritis (OA),

although the latest American Academy of Orthopaedic Surgeons (AAOS) Clinical Practice Guidelines (CPG)

provided an inconclusive recommendation for its use [3]. Opioids appear to be used by up to about 30% of knee

OA patients [4,5], but substantial statewide variation exists that are not fully explained by differences in access to

healthcare providers, state policies or patient case-mix [6].

Pre-operative opioid use is linked to a variety of adverse outcomes following knee arthroplasty (KA) [7–15]. About

a third to half of KA patients receive opioids 3–12 months before surgery [7,8]. However, pre-operative use is

associated with greater risk of readmission, complications and revision surgery following total KA [9]. Pre-operative

opioid users also tend to have less pain relief, poorer quality of life [11,14] and are at increased risk of chronic

postoperative opioid use [10,12,13,15]. Research has shown as many as 64% of chronic opioid users continue opioids

more than 1 year postoperatively [12,15]. Moreover, 22% of opioid naive patients filled opioid prescriptions at 1 year
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postsurgery [15]. In addition, continuous opioid use after 90 days postsurgery is associated with elevated revision

arthroplasty risk [16].

Alternative, nonsurgical methods for knee pain management include intra-articular injections (corticosteroids

[CS] or hyaluronic acid [HA]), physical therapy, weight loss, home exercise programs and use of nonsteroidal anti-

inflammatory drugs. The use of HA has been reported to reduce the need for analgesic or rescue medication [17–20].

However, the AAOS CPG did not recommend HA based on a meta-analysis of its clinical efficacy, while an

inconclusive recommendation was provided for CS [3]. With the ongoing concerns about the use and abuse of

opioids [21] and availability of alternate means for treating pain, the present study sought to evaluate: the changes

in opioid prescriptions and CS injection use patterns for knee OA patients before and after the use of HA and the

changes in opioid prescriptions before and after KA. The study hypotheses were: there are significant changes in

opioid prescriptions and CS injection use patterns for knee OA patients before and after the use of HA; there are

significant changes in opioid prescriptions before and after KA and the changes in opioid prescription before and

after the use of HA are not different from those before and after KA.

Materials & methods

Newly-diagnosed members with knee OA were ascertained from a large commercial claims database (Health

Intelligence Company LLC, IL, USA) containing Health Insurance Portability and Accountability Act (HIPAA)

compliant de-identified data of more than 100 million patients with continuous coverage from 2012 to 2016.

All medical and prescription claims, membership data and provider information were collected in the dataset;

these data were linked to allow identification and tracking of all medical and prescription drug claims for a given

beneficiary covered. Over-the-counter drugs are not included in this dataset. Members who had uninterrupted

health insurance coverage in the health plan, in other words, continuous enrollment, for at least 6 months during

study period were included. Newly-diagnosed knee OA patients were ascertained from International Classification

of Diseases, Ninth and Tenth Revisions, for knee OA diagnoses or nonspecific OA with concurrent diagnosis of

knee pain ICD-9 (715.06, 715.16, 715.26, 715.36, 715.86, 715.96) or ICD-10 M17; ICD-9 ([715.08, 715.18,

715.28, 715.38, 715.88, 715.98] and 719.46) or ICD-10 (M19.9 and M25.56); ICD-9 ([715.09, 715.19, 715.29,

715.39, 715.89, 715.99] and 719.46) or ICD-10 ([M15.0, M15.3, M15.8] and M25.56); ICD-9 ([715.00,

715.10, 715.20, 715.30, 715.80, 715.90] and 719.46) or ICD-10 ([M15.4, M15.9, M19.9] and M25.56). The

identification of a new knee OA diagnosis was based on the first knee OA diagnosis during the data period, with

at least a 6-month look-back period with no knee OA diagnosis. This was a mid-range look-back period based on

prior studies [7,18,22,23] that have used 0–12 months to look-back for diagnosis of conditions and/or comorbidities.

Patients were excluded if they had unknown age or gender, unknown state, enrollment gap of more than 3 months,

with HA or KA before the first knee OA diagnosis or did not have pharmacy benefits. HA use was identified using

Healthcare Common Procedure Coding System codes (J7321, J7323, J7324, J7325, J7326, J7327, J7328, C9471,

Q9980), with concurrent diagnosis coding on the same claim to indicate likelihood of knee injection (711.x6,

712.x6, 715.x6, 716.x6, 717.x, 718.x6, 719.x6, M00.x6, M01.x6, M02.x6, M11.x6, M12.x6, M13.x6, M24.x6,

M25.x6, 717, 836, 844, M17, M22, M23, S83). KA was identified using procedure codes 81.54, 27446, 27447,

0SRC0J, 0SRT0J, 0SRU0J, 0SRV0J, 0SRW0J, 0SRC0L, 0SRD0L, 0SRD0J (ICD-10 Procedure Coding System

codes without 0SPC0 or 0SPD0 on the same claim). A total of 1,722,689 knee OA patients were initially identified,

but 1,017,578 patients remained for analysis after excluding those without pharmacy benefit (Figure 1). Patient

age, gender and census region characteristics were compiled (Table 1).

The opioid burden was estimated from opioid prescription fills (Table 2) within 7 days of a medical claim with

a knee OA diagnosis. The 7-day period was used as an attempt to link opioid prescriptions with the knee OA

condition by restricting them to prescription fills within a week of a medical claim with a knee OA diagnosis, but

the prescription itself could be for any number of days of supply, for example, 3 months of supply. A sensitivity

analysis was performed using 30 days instead of 7 days as the period after the knee OA-related claims to identify

opioid prescription fills as being linked to knee OA. The 30 days were intended to indicate the period following a

knee-OA medical claim during which an opioid prescription was filled and not indicative of the number of days of

supply. CS injections were also identified from the knee OA-related medical claims. Intra-articular CS from knee

OA-related claims using J0702, J0704 (expired after 31 December 2010), J1020, J1030, J1040, J1094, J1100,

J1700, J1710, J1720, J2650, J2920, J2930, J3300, J3301, J3302, J3303 (eff 1 January 2009). Opioid users or

patients who received CS injections were identified within 12 months following knee OA diagnosis and within 6

months before and after HA injection. Those who filled opioid prescriptions before and after undergoing KA were
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Table 1. Knee osteoarthritis patient characteristics.

No HA HA

Knee OA KA No KA KA No KA

Sex Age (years)

Female 0–39 44,763 327 39,578 147 4711

40–44 39,779 808 33,853 393 4725

45–49 67,130 2348 55,499 1228 8055

50–54 109,064 5963 87,640 2651 12,810

55–59 135,153 9675 106,674 3961 14,843

60–64 128,076 10,383 101,568 3113 13,012

65–69 26,646 2201 21,246 618 2581

70–74 7356 625 5816 165 750

75–79 3039 219 2470 60 290

80+ 2301 87 2008 22 184

Total 563,307 32,636 456,352 12,358 61,961

Male 0–39 42,142 231 38,128 96 3687

40–44 34,879 658 30,213 301 3707

45–49 54,916 1834 46,435 808 5839

50–54 84,851 5094 69,132 1768 8857

55–59 105,857 9014 83,225 2774 10,844

60–64 96,653 9409 75,636 2347 9261

65–69 23,581 2365 18,516 539 2161

70–74 7098 688 5560 170 680

75–79 2782 240 2211 65 266

80+ 1512 85 1258 16 153

Total 454,271 29,618 370,314 8884 45,455

Census region

Midwest East north central 158,510 9545 123,598 4403 20,964

West north central 91,097 8544 72,078 2504 7971

Northeast Atlantic 180,686 8191 145,722 3430 23,343

New England 67,613 4373 60,025 598 2617

South East south central 102,358 5395 82,903 2360 11,700

South Atlantic 185,428 10,607 155,308 3203 16,310

West south central 149,810 9230 120,097 3184 17,299

West Mountain 35,782 3442 27,887 851 3602

Paci�c 46,294 2927 39,048 709 3610

HA: Hyaluronic acid; KA: Knee arthroplasty; OA: Osteoarthritis.

Table 2. Opioids identi�ed from the pharmacy claims.

Opioids

Alfentanyl or alfentanil Etorphine Oxycodone

Anileridine Fentanyl Oxymorphone

Alphaprodine Heroin Oxymorphone

Bromadol Hydrocodone Propoxyphene

Buprenorphine Hydromorphone Remifentanyl or remifentanil

Butorphanol Levorphanol Sufentanyl or sufentanil

Codeine Meperidine/pethidine Tramadol

Dextropropoxyphene Methadose Tapentadol

Dihydroetorphine Methadone Hydroxymitragynine

Dihydrocodeine Morphine

Diamorphine Nalbuphine

future science group 10.2217/pmt-2020-0057
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1,017,578 knee OA patients

No HA

n = 888,920

(87.4%)

No KA

n = 826,666

(93.0%)

KA

n = 62,254

(7.0%)

No KA

n = 107,416

(83.5%)

KA

n = 21,242

(16.5%)

HA

n = 128,658

(12.6%)

Figure 1. Knee osteoarthritis patient distribution.

HA: Hyaluronic acid; KA: Knee arthroplasty; OA: Osteoarthritis.
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Figure 2. Opioid burden within 12 months post-knee osteoarthritis diagnosis (left: percent of patients; right: number of �lled

prescriptions).

OA: Osteoarthritis.

also identified. Changes in opioid prescriptions and CS injection use patterns for knee OA patients before and

after the use of HA, as well as changes in opioid prescriptions before and after KA were analyzed using one-sample

binomial proportion test. Changes in opioid prescription before and after the use of HA were also compared with

those before and after KA using chi-square tests.

Results

A total of 1,017,578 knee OA patients were identified in this cohort (Table 1), of which 12.6% (n = 128,658)

received at least one HA injection and 8.2% (n = 83,496) underwent KA. Within 6 months after knee OA diagnosis,

16.1% of patients were opioid users, with an average of 2.3 ± 2.3 prescription fills (Figure 2). The percent of

opioid users increased to 19.3% of the patients by 12 months, with an average 2.9 ± 3.5 prescription fills. Almost

a quarter of the knee OA patients (23.5%) received CS injections within 1 year after knee OA diagnosis, with an

average of 1.6 ± 1.0 injections per patient (Figure 3).

Overall, 82% of all HA patients did not fill opioid prescriptions in the 6 months after receiving the HA injection,

with 75.6% as nonusers and 6.7% as discontinued opioid users (Figure 4). There was a 54% reduction in the

number of opioid users at 6 months among those patients who had received a HA injection (Table 3). At each time
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Figure 3. Corticosteroids injection burden within 12 months post-knee osteoarthritis diagnosis (left: percent of patients; right: number

of injections).

CS: Corticosteroid; OA: Osteoarthritis.
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Figure 4. Opioid burden within 6 months pre- and post-hyaluronic acid use.

HA: Hyaluronic acid.

Table 3. Changes in opioid burden in the 6 months before and after hyaluronic acid or knee arthroplasty.

Percent of users who continued use Percent of nonusers who initiated use

After HA 46 14

After KA 78 62

HA: Hyaluronic acid; KA: Knee arthroplasty.
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Figure 5. Opioid burden within 6 months pre- and post-knee arthroplasty.

KA: Knee arthroplasty.

period, the proportion of opioid users who discontinued use after receiving the HA injection was found to be a

statistically significant change (p < 0.001). Only 14% of previous nonusers became new users in the 6 months after

the HA injection (p < 0.001 for all time periods). Of all KA patients, two-thirds filled opioid prescriptions within

3 months (63.8%) and 6 months (65.4%) postsurgery (Figure 5). A total of 78% of the opioid users continued

to fill prescriptions in the 6 months post-KA, while 62% of nonopioid users initiated use during the same time

interval (Table 3). The proportion of new opioid users and the proportion of opioid users who discontinued use

after KA were both found to be a significant change for all time periods (p < 0.001). Based on this breakdown,

approximately three-quarters (76%) of those opioid users within 6 months following KA were new users (Figure 5).

When comparing the changes in opioid burden between HA patients and KA patients, the proportion of new

opioid users was found to be greater for KA patients than HA patients (p < 0.001 for all time periods). The

proportion of new opioid users ranged from 3.9% at month 0 to 13.8% at month 6 for HA patients and ranged

from 49.9% at month 0 to 62.5% at month 6 for KA patients. There was a significantly greater proportion of

opioid users who discontinued use for HA patients than KA patients (1.4-times greater at month 0–2.4-times

greater at month 6; p < 0.001 for all time periods).

Regarding CS use, 78% of all HA patients did not receive an injection in the 6 months following their HA

injection (Figure 6). At each time period, the proportion of HA patients who underwent a CS injection before HA,

but did not receive another CS injection after HA, was found to be statistically significant (p < 0.001). 71% of

the patients who underwent a CS injection did not receive another CS injection, within 6 months after receiving

their HA injection. Only 16% of those who initially had not received CS injections subsequently received a CS

injection within 6 months after their HA injection; this was found to be statistically significant for all time periods

(p < 0.001).

For the sensitivity analysis of extending the opioid prescription period based on pharmacy claims filled within

30 days, instead of 7 days, of any knee OA-related claims; the percent of opioid users increased from 19.3 to 24.1%

within 1 year following knee OA diagnosis, with an average of 3.2 ± 4.0 prescription fills. In the 6 months after

receiving the HA injection, 78% of all HA patients did not fill opioid prescriptions, with about half (49%) of the
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Figure 6. Corticosteroids injection burden within 6 months pre- and post-hyaluronic acid use.

HA: Hyaluronic acid.

opioid users stopping use post-HA and only 17% becoming new opioid users. In contrast, only 29% of KA patients

were not opioid users within 6 months postsurgery. About three-quarters (71%) opioid users post-KA were new

users. 82% of patients who received a new opioid prescription following KA continued to fill prescriptions in the

6 months post-KA. These results from the sensitivity analysis, along with conclusions drawn from the results, did

not change substantially.

Discussion

Pain management is an important component of nonsurgical treatment in symptomatic knee OA and often includes

the use of opioids, which are not without risks. Our study showed that about one-fifth of knee OA patients filled

opioid prescriptions, along with about one-quarter who required at least one CS injection, within a year of diagnosis.

Moreover, over half of the opioid users discontinued filling new prescriptions after receiving a HA injection. After

receiving HA injections, new opioid users remained low with 14% of nonusers initiating use. Overall, 82% of

HA patients did not use opioids within 6 months following the HA injection. Conversely, about two-thirds of KA

patients filled opioid prescriptions 3–6 months postsurgery, with the vast majority (about 75%) of those as a new

opioid user. The proportion of new opioid users was found to be greater for KA patients than HA patients, while

the proportion of opioid users who discontinued use was greater for HA patients than KA patients. Most patients

receiving HA (78%) also did not require additional CS injections in the 6 months after their HA injection. With

increasing concerns surrounding the risks of opioid addiction, consideration should be given to whether alternative

OA therapies, such as CS and HA injections, are effective in reducing the opioid burden.

The present study has several limitations, many of which were related to the use of administrative claims data.

We relied on the diagnosis and procedure codes that were in the claims data, however, their accuracy could not be

independently verified. The severity of knee OA could not be determined for these patients, hence the patients who

received HA injections may be at an earlier disease stage than those who underwent KA. However, the proportion

of the HA cohort who received a CS injection in the prior 6 months was not lower than that for the KA cohort (HA:

46% vs KA: 29%). In addition, there was a greater percentage of opioid users for the KA cohort (20.2%) than the

future science group 10.2217/pmt-2020-0057
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HA cohort (12.3%) before receiving their respective interventions. This does not explain the dramatic differences

in nonopioid users who initiated use after their respective interventions (KA: 62% vs HA: 14%). The study also

lacked clinically pertinent data on pain and function to correlate with opioid prescription and CS burden. There

may be confounders that also explain the differences in usage before and after each of the HA and KA interventions

than just the interventions themselves. However, the potential confounders may be evened out with the large

patient population in both cohorts (HA: 128,658; KA: 83,496). Others have also described the association between

diabetes and pain severity in those with localized OA [24], as well as with knee pain in those with knee OA [25,26].

Although we analyzed whether patients filled opioid prescriptions, the dosages and number of days supplied were

not examined to calculate MME. Thus, we were unable to compare against the CDC guidelines of 50–90 MME per

day [1,2]. However, this does not obviate the risk of being accessible to opioids with potential for abuse, addiction,

overdose and death. Filled prescriptions also do not equate to consumption rates, nonetheless, self-reported opioid

use has its limitations in under-reporting and validity [27,28]. One cannot directly link the prescriptions with knee

OA, but we attempted to provide linkage by requiring a knee OA medical claim within a short time period (7 days)

preceding the prescription fill and see this as a strength to the study compared with other studies that may have

included all prescription fills. The duration provided a short lag for the patient to fill the prescription following

their knee OA-associated claim. We examined the sensitivity of the 7-day assumption by extending it to 30 days,

but the results did not change substantially. It is also unclear to what extent the prescriptions may also be associated

with other etiologies, even though we used a knee OA diagnosis on the medical claim as a trigger for inclusion.

Although KA is considered by some to be the only treatment for knee OA, in the present study, two-thirds of

all KA patients filled opioid prescriptions within 6 months postsurgery. This suggests that pain was still not fully

managed by the surgical intervention. Although the majority of those were patients with a new opioid prescription,

most (78%) of the prior patients prescribed an opioid still continued filling prescriptions after KA. There was

also a more than fourfold greater proportion of patients not previously requiring an opioid who initiated use

following KA than HA treatment (KA: 62% vs HA: 14%). The growing opioid burden in the KA cohort can have

substantial societal impact, such as risk of overdose and overdose-related deaths [1,2]. Research demonstrates that

long-term pre-operative opioid use prior to KA has been associated with poor pain relief following KA [11,14], poorer

health-related quality of life [11] and greater likelihood of continuing opioid use postsurgery [10,12,13,15]. Namba and

coworkers reported that 60% of primary total knee replacement patients used opioids prior to surgery, but 41%

of the patients still continued using opioids 3 months after surgery [12]. They also identified pre-operative opioid

use as a significant risk factor for greater postoperative opioid use. Zarling et al. found that 64% of chronic opioid

users before primary joint arthroplasty were still being prescribed opioids at 1 year postsurgery compared with 22%

of the control group [15]. In a study of 66,950 total knee arthroplasty (TKA) patients with available opioid data in

the Humana Health insurance system, 54.8% were found to use opioids within 1 year pre-operatively [13]. About

a third (34.8%) of those opioid users continued to use opioids chronically after TKA with prescriptions for over 6

contiguous months. This study also noted that the risk of chronic postoperative opioid use was almost four-times

greater for patients with pre-operative opioid use. Moreover, pre-operative opioid use can have a negative effect on

the success of KA. Ben-Ari et al. determined that 39.1% of TKA patients were on long-term opioid use of greater

than three consecutive months in the year prior to surgery [22]. Those patients were found to have elevated revision

risk (odds ratio of 1.40; 95% CI: 1.19–1.64) in the first postoperative year. Persistent opioid use following KA

may also have negative clinical consequences. Those who required persistent opioid use beyond 90 days after KA

have been associated with elevated 1-year revision risk by more than twofold compared with nonopioid users [16].

Despite the concerns with chronic opioid use, opioids received an inconclusive recommendation as a treatment

option for knee OA according to the AAOS CPG [3]. It is unclear if opioid use is appropriate for knee OA patients,

as well as for KA patients or which patients will develop opioid use disorder or opioid-related adverse events [29].

Although the AAOS CPG provided an inconclusive recommendation for opioids, it did not recommend HA

due to a perceived lack of clinical efficacy and not to potential safety concerns [3]. Primary knee replacement

surgery has its corresponding risks of complications and revision surgery, with 10–34% estimated to experience

long-term pain after surgery [30], while HA has a known safety profile [31]. Furthermore, our study demonstrated

a reduction in opioid burden after patients receive intra-articular HA. Not only was there a substantially lower

percentage of opioid naive patients initiating use, more than half of the opioid users discontinued filling new opioid

prescriptions after HA injection. Other clinical trials have also reported the reduced need for analgesic or rescue

medication following HA use [17–20]. A 34.9% reduction in acetaminophen use at 52 weeks has been reported for

patients who underwent repeated series of bioengineered HA [17]. Chitnis and coworkers examined the utilization
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of nonsteroidal anti-inflammatory drugs (NSAIDs), CS injections, and opioids in the 6 months before and after

HA treatment period, using commercial claims data [18]. In their cohort of 29,076 patients, the proportion of

patients filling NSAID, CS injection, and opioid prescriptions decreased by 6, 28 and 4%, respectively. Using the

same commercial claims database, McIntyre et al. observed a 15, 57 and 6% reduction in the number of patients

filling NSAID, CS injection and opioid prescriptions, respectively, in the 6 months after 152,953 patients received

a HA injection compared with the 6-month pretreatment period [19]. After stratifying their HA patients into those

who did and did not have a TKA in the 6 months after the index HA injection, they further found that an 85%

increase in proportion of TKA patients compared with a 15% decrease in proportion of non-TKA patients filling

an opioid prescription. A reduction of oral medication taken for knee OA pain by 68, 68 and 57% at weeks 4,

12 and 26 after high molecular weight HA treatment was also reported by Waddell et al. [20].

The reduction in pain medication usage following HA therapy may be explained by the various potential

mechanisms of action for HA in providing clinical benefit in knee OA [32]. One such mechanism is the analgesic

effect through interaction with HA receptors and/or free nerve endings within the joint tissue, by decreasing

mechanical sensitivity of the stretch-activated ion channels. Although we are unable to provide causal inferences

from our observational results, HA may help reduce opioid use in patients who go onto KA, which in turn

reduces the risk of postoperative opioid use and associated suboptimal outcomes post-KA. For patients who may

be considering KA, HA may help wean them from opioids prior to KA so as to reduce the potential risk of opioid

dependency following KA. HA may also help to reduce the need for additional CS injections, particularly in light

of questions regarding the effects of repeated CS injections on accelerating cartilage damage [33,34].

Conclusion

Excessive opioid use carries substantial risks, as well as the potential for misuse, dependency and opioid-related

adverse events. For patients who undergo KA, opioid usage in both the pre- and post-operative periods is associated

with poorer patient satisfaction and increased morbidity. Thus, it is important to consider alternative, nonsurgical

treatment options that can effectively reduce pain and in turn, the need for opioids. This study clearly demonstrates

that patients injected with HA experience a substantial reduction in opioid prescriptions and CS injections.

Summary points

• Pain management is an important component of nonsurgical treatment in symptomatic knee osteoarthritis (OA)

and often includes the use of opioids, which are not without risks.

• About one-�fth of knee OA patients �lled opioid prescriptions, along with about one-quarter who required at

least one corticosteroid (CS) injection, within a year of diagnosis.

• Over half of the opioid users discontinued �lling new prescriptions after receiving a hyaluronic acid (HA) injection.

• After receiving HA injections, new opioid users remained low with 14% of nonusers initiating use.

• Overall, 82% of HA patients did not use opioids within 6 months following the HA injection.

• About two-thirds of knee arthroplasty (KA) patients �lled opioid prescriptions 3–6 months postsurgery, with the

vast majority (about 75%) of those as a new opioid user.

• The proportion of new opioid users was found to be greater for KA patients than HA patients, while the

proportion of opioid users who discontinued use was greater for HA patients than KA patients.

• Most patients receiving HA (78%) also did not require additional CS injections in the 6 months after their HA

injection.

• With increasing concerns surrounding the risks of opioid addiction, consideration should be given to whether

alternative OA therapies, such as CS and HA injections, are effective in reducing the opioid burden.
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