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Background: Limiting access to intra-articular knee injections, including hyaluronic acid (HA), has been 
advocated as a cost-containment measure in the treatment of knee osteoarthritis. The association between 
presurgical injections and post-surgical complications such as early periprosthetic joint infection and revision remained to be 
investigated. This study evaluated pre- and post-surgical costs and rates of post-surgical complications in knee arthroplasty (KA) 
patients with or without prior HA use.
Methods: Commercial and Medicare Supplemental Claims Data (IBM MarketScan Research Databases) from January 1, 2012 to 
December 31, 2018 were used to identify unilateral KA patients. Those who completed a course of bio-fermentation derived HA (Bio- 
HA) as the first-line HA therapy comprised of the test group (n = 4091), while the control group did not use HA prior to KA (n = 
118,659). Using multivariable regression with propensity score (PS) weighting, overall healthcare costs, readmission rates, and 
revision rates were assessed at six months following KA.
Results: Healthcare costs following KA were significantly lower for the Bio-HA group ($10,021 ± $22,796) than No HA group 
($12,724 ± $32,966; PS p < 0.001). Bio-HA patients had lower readmission rates (8.9% vs 14.0%; PS p < 0.001) and inpatient costs 
per readmitted patient ($43,846 ± $50,648 vs $50,533 ± $66,150; PS p = 0.005). There were no differences in revision rate for any 
reason (Bio-HA: 0.78% vs No HA: 0.67%; PS p = 0.361) and with PJI (Bio-HA: 0.42% vs No HA: 0.33%; PS p = 0.192). Costs in the 
six months up to and including the KA were similar for both groups (Bio-HA: $49,759 ± $40,363 vs No HA: $50,532 ± $43,183; PS 
p = 0.293).
Conclusion: Bio-HA use prior to knee arthroplasty did not appear to increase overall healthcare costs in the six months before and 
after surgery. Allowing access to HA injections provides a non-surgical therapeutic option without increasing cost or risk of post- 
surgical complications.
Keywords: bio-fermentation derived hyaluronic acid, healthcare costs, intra-articular hyaluronic acid, knee arthroplasty, readmissions

Introduction
The treatment options for knee osteoarthritis (OA) range from non-invasive medical management, to minimally invasive therapies 
such as intra-articular injections, to surgical inventions like knee arthroplasty (KA),1 depending on the stage and progression of 
OA, along with the patient’s pain levels and function. Primary KA is recognized as providing substantial improvement in pain, 
function, and overall health-related quality of life in the majority of patients,2 but the appropriateness of non-arthroplasty 
treatments continues to be debated.1,3 The costs of non-arthroplasty treatments leading up to KA, such as those for opioids, 
physical therapy, hyaluronic acid (HA) injections, and corticosteroid injections, have been examined.4–8 Some of those studies 
concluded that limiting the use of some of these interventions may help reduce healthcare costs,4–6 despite evidence that HA 
contributed less than 2% of knee OA-related costs among KA patients. Moreover, others have found that HA was associated with 
a large reduction in knee OA-related healthcare costs for patients who progressed to total knee arthroplasty.8 HA patients have also 
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been found to have a 15-month delay in the peak healthcare spend related to the KA;7 however, it is unclear whether HA impacts 
post-surgical costs.

HA has been shown to provide improved joint function and mobility,9,10 particularly with higher molecular HA.11–15 HA 
products with an average molecular weight of at least 3000 kDa were found to provide favorable efficacy results than products of 
an average molecular weight of less than 3000 kDa.11 Unlike low molecular weight HA, high molecular weight HA also 
exceeded the minimal clinically important improvement threshold or minimal important difference for pain relief.12,14 There are 
several mechanisms in which HA injections may provide clinical benefit in knee OA, with chondroprotection being the most 
frequently reported mechanism.15 HA therapy is also reported to stimulate proteoglycan and glycosaminoglycan synthesis and 
provide anti-inflammatory, mechanical, subchrondral, and analgesic effects. The safety profile differences between bio-fermen
tation derived HA (Bio-HA) and avian-derived HA are also unclear,11,15 as others have found that the potential risk of localized 
reactions may not be greater for HA of avian origin.16 In terms of clinical outcomes, patients who used Bio-HA have been 
observed to have a longer time to KA than patients who used non-Bio-HA therapies.17

Previous researchers have questioned whether presurgical injections may be associated with complications after TKA, 
including early periprosthetic joint infection (PJI) and revision.18–21 Claims database studies have observed an association 
between intra-articular injections and short-term PJI within six months post-KA,18–20 albeit without evaluating the type of 
injection or adjusting for potentially confounding surgical factors. For example, prior knee arthroscopy has also been 
implicated with increased risk of PJI after KA.22 On the other hand, others have found that there was no association between 
the administration of HA within four months of TKA and the risk of PJI up to 24 months after surgery, after considering the 
differences in patient mix and many other risk factors.21 The costs of treating PJI are high, as revision KA for PJI patients 
has the longest length of stay and incur higher costs than revisions for any other diagnosis, except periprosthetic fracture.23

With suggestions that HA injections prior to KA add pre-surgical costs to the healthcare system and increase the post- 
surgical risk of PJI, we tested the hypothesis that KA patients with prior Bio-HA use incur higher healthcare costs both 
before and following KA and have higher rates of readmissions and revisions.

Methods
Commercial and Medicare Supplemental Claims Data (IBM MarketScan Research Databases, IBM Corporation, Somers, 
NY) from January 1, 2012 to December 31, 2018 were used to compile a dataset for knee OA patients who underwent 
KA with or without use of HA injections prior to KA. The commercial portion of the dataset is constructed by collecting 
data from employers and health plans, which encompasses employees, spouses, and dependents covered by employer- 
sponsored private health insurance. The Medicare Supplemental portion consists of data from retirees with Medicare 
supplemental insurance paid by employers, including Medicare-covered and employer-paid portions, as well as out-of- 
pocket expenses. The dataset contains service-level claims for inpatient and outpatient services, and outpatient prescrip
tion drugs, including claims for mail order prescriptions and specialty pharmacies. The data is fully de-identified with 
a unique identifier for each enrollee to allow for tracking of beneficiary-level claims over time.

Knee OA patients were identified by International Classification of Diseases (ICD) diagnosis codes (Supplementary Table 1), 
from which unilateral KA patients were included in the study based on those with Current Procedural Terminology (CPT) 
procedure codes 27446 and 27447. The inclusion criteria were as follows: 1) at least 18 years old; 2) at least six months claim 
history pre- and post-KA with continuous enrollment; and 3) known laterality for KA (using modifier code for left or right side). 
The test group was then determined based on the use of bio-fermentation derived HA (Euflexxa; Ferring Pharmaceuticals Inc., 
Parsippany, NJ) prior to the KA (“Bio-HA group”), while the control group was those without any prior HA use (“No HA” 
“group”) (Supplementary Table 1). Since the dataset included claims starting January 1, 2012 and patients needed to have at least 
six months of claim history both pre-KA and post-KA, the index KA procedures were between July 1, 2012 and June 30, 2018. 
Bio-HA must be the first-line HA therapy used with no other HA between enrollment or start of the data period and the KA. 
Included Bio-HA patients were also required to have exactly three Bio-HA injections within a six-week period, in the same knee 
that was subsequently operated on (matching Bio-HA and KA laterality). The exclusion criteria were as follows: 1) unknown 
laterality for KA; 2) without pharmacy benefits in the six months pre- and post-KA; 3) with non-Bio-HA treatment prior to 
KA; 4) with Bio-HA without concurrent CPT 20610 or 20611 or without concurrent knee OA diagnosis; and 5) with revision KA 
prior to primary KA. For the Bio-HA patients, additional exclusion criteria were as follows: 1) with unknown laterality to any of 
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their Bio-HA injections during the index Bio-HA treatment; 2) without completed course of Bio-HA treatment during the index 
Bio-HA treatment (less than three per knee within a six-week period); 3) who exceeded the course of Bio-HA treatment during 
the index Bio-HA treatment (more than three per knee within a six-week period); and 4) without matching laterality for the knee 
with the completed index Bio-HA treatment and the KA. A total of 419,714 KA patients were initially identified, of which 
163,051 patients did not have the requisite six-month claim history both before and after the KA (Figure 1). Of the remaining 
256,643 patients, a final group of 4091 Bio-HA patients and 118,659 No HA patients met the remaining inclusion and exclusion 
criteria, with stepwise exclusion of 32,576 patients without pharmacy benefit, 56,049 patients with prior non-Bio-HA use, 332 
patients with prior non-knee OA Bio-HA use, 37,815 with unknown or incomplete laterality (KA or Bio-HA) or incomplete or 
exceeded Bio-HA treatment courses, and 7121 with bilateral KA.

Based on a follow-up of six months following KA, the overall healthcare costs (adjusted to Jan 2019 medical service 
consumer price index) were evaluated. This included all medical and facility claims from the physician office, urgent care, 
inpatient hospital, outpatient hospital, emergency room, ambulatory surgical center, pharmacy, and outpatient facilities. The six- 
month period was based on a previously observed association between intra-articular injections and short-term PJI within six 
months post-KA.18–20 Readmission rates were determined during this follow-up, along with the corresponding primary 
procedure performed and costs of the inpatient services. Revision for any reason and revision with PJI as a diagnosis at six 
months were also assessed. The overall healthcare costs in the six months up to and including the KA were also compared 
between the Bio-HA and No HA groups. Univariate analysis was conducted using t-test for the cost comparisons and Chi-square 
test for the rate comparisons. Multivariable statistics with and without propensity score (PS) weighting were performed to 
compare the costs, readmission rates, and revision rates. The multivariable analysis for both the PS- and non-PS weighted models 
adjusted for age, gender, census region, Charlson comorbidity index, diabetes, obesity, heart disease, renal failure, and year of 
KA, along with use of knee imaging, physical therapy (with knee OA diagnosis), knee brace, knee arthroscopy, and intra-articular 
corticosteroids in the six months prior to KA. In the PS-weighted model, the PS was used to reweight the populations by creating 
a pseudo-population where the treatment assignment is independent of the observed covariates. Propensity score for the use of 
Bio-HA before KA was based on the probability of receiving Bio-HA accounting for the above variables. Patients who did not 
fall within the overlapping range of PS in the Bio-HA (n = 2) and No HA (n = 79) groups were excluded from the multivariable 
regression analysis with PS weighting.

Figure 1 Patient attrition flowchart.
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Results
The Bio-HA and No HA groups had similar patient characteristics at the time of KA (Table 1). Females comprised a greater 
percentage of the KA patients (Bio-HA: 61.5%; No HA: 58.2%). Most patients were under 65 years (Bio-HA: 69.7%; No HA: 
67.7%) with the largest groups aged 60–64 years (Bio-HA: 27.8%; No HA: 28.8%) and 55–59 years (Bio-HA: 22.3%; No HA: 
22.1%). Patients were predominantly from the South (Bio-HA: 40.8%; No HA: 39.3%) and Midwest (Bio-HA: 31.4%; No 
HA: 32.4%) regions. Regarding comorbidities, most patients had a Charlson comorbidity score of 0. 54.5% of the Bio-HA 
cohort had a score 0, while 27.5% had a score of 1–2, 9.0% with 3–4, and 9.0% with at least 5. 52.4% of the No HA cohort 
had a score of 0, while 30.4% had a score of 1–2, 8.9% with 3–4, and 8.3% with at least 5. A diagnosis of heart disease was 

Table 1 Patient Characteristics for the Bio-Fermentation Derived Hyaluronic Acid (Bio-HA) Group and 
No Hyaluronic Acid (No HA) Group

Patient Characteristics Overall (n=122,750) Bio-HA (n=4091) No HA (n=118,659)

Gender

Female 71,516 (58.3%) 2514 (61.5%) 69,002 (58.2%)

Male 51,234 (41.7%) 1577 (38.5%) 49,657 (41.8%)

Age (years)

18–44 2053 (1.7%) 80 (2.0%) 1973 (1.7%)

45–49 4925 (4.0%) 222 (5.4%) 4703 (4.0%)

50–54 13,681 (11.1%) 498 (12.2%) 13,183 (11.1%)

55–59 27,085 (22.1%) 913 (22.3%) 26,172 (22.1%)

60–64 35,265 (28.7%) 1138 (27.8%) 34,127 (28.8%)

65–69 13,374 (10.9%) 402 (9.8%) 12,972 (10.9%)

70–74 11,482 (9.4%) 365 (8.9%) 11,117 (9.4%)

75–79 8516 (6.9%) 237 (5.8%) 8279 (7.0%)

80–84 4681 (3.8%) 160 (3.9%) 4521 (3.8%)

85+ 1688 (1.4%) 76 (1.9%) 1612 (1.4%)

Census region

Northeast 16,832 (13.7%) 635 (15.5%) 16,197 (13.7%)

Midwest 39,745 (32.4%) 1283 (31.4%) 38,462 (32.4%)

South 48,282 (39.3%) 1670 (40.8%) 46,612 (39.3%)

West 17,839 (14.5%) 502 (12.3%) 17,337 (14.6%)

Unknown 52 (0.04%) 1 (0.02%) 51 (0.04%)

Charlson score

0 64,400 (52.5%) 2230 (54.5%) 62,170 (52.4%)

1–2 37,181 (30.3%) 1123 (27.5%) 36,058 (30.4%)

3–4 10,922 (8.9%) 370 (9.0%) 10,552 (8.9%)

5+ 10,247 (8.3%) 368 (9.0%) 9879 (8.3%)

(Continued)
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present for 44.1% of the Bio-HA group and 40.5% of the No HA group in the six months prior to KA, as was obesity in about 
one-third of the patients (Bio-HA: 30.2%; No HA: 31.4%) and diabetes in about one-fifth of the patients (Bio-HA: 21.4%; No 
HA: 22.7%). Renal failure diagnosis was identified in 4.8% of both groups.

The overall healthcare costs in the six months following KA were significantly lower by about $2700 per patient for the 
Bio-HA group ($10,021 ± $22,796) than No HA group ($12,724 ± $32,966; univariate p < 0.001) (Figure 2), which 
corresponded to 20% lower adjusted costs for the Bio-HA group without and with PS weighting (p < 0.001 for both) 
(Table 2). Fewer Bio-HA patients were readmitted with inpatient visits following KA (8.9% vs 14.0%; univariate p < 0.001). 
The odds for the Bio-HA group were 38% lower without PS weighting (p < 0.001) and 39% lower with PS weighting (p < 
0.001). The corresponding mean inpatient costs per readmitted patient were also significantly lower by about $6700 for the 

Table 1 (Continued). 

Patient Characteristics Overall (n=122,750) Bio-HA (n=4091) No HA (n=118,659)

Diabetes

Yes 27,871 (22.7%) 877 (21.4%) 26,994 (22.7%)

No 94,879 (77.3%) 3214 (78.6%) 91,665 (77.3%)

Obesity

Yes 38,463 (31.3%) 1236 (30.2%) 37,227 (31.4%)

No 84,287 (68.7%) 2855 (69.8%) 81,432 (68.6%)

Heart disease

Yes 49,887 (40.6%) 1804 (44.1%) 48,083 (40.5%)

No 72,863 (59.4%) 2287 (55.9%) 70,576 (59.5%)

Renal failure

Yes 5941 (4.8%) 197 (4.8%) 5744 (4.8%)

No 116,809 (95.2%) 3894 (95.2%) 112,915 (95.2%)

Figure 2 Overall healthcare costs (unadjusted) for knee arthroplasty (KA) patients with prior bio-fermentation derived hyaluronic acid (Bio-HA) use (Bio-HA group) and 
without prior hyaluronic acid (HA) use (No HA group). The costs were lower after KA for the Bio-HA group (univariate and multivariable (with and without propensity 
score (PS) weighting) p<0.001), but similar leading up to and including the KA (univariate p=0.233; without PS weighing p=0.204; with PS weighting p=0.293). *Indicates 
statistical significance (p<0.05).
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Table 2 Healthcare Cost Comparisons in the Six Months Following Knee Arthroplasty for the Bio-Fermentation Derived Hyaluronic Acid (Bio-HA) Group and No Hyaluronic Acid 
(No HA) Group

Comparison Bio-HA No HA Bio-HA vs No HA (No HA as Reference Group)

Univariate 
Statistics

Multivariable Statistics Without Propensity 
Score Weighting

Multivariable Statistics with Propensity 
Score Weighting

Overall healthcare costs $10,021 ± 

$22,796

$12,724 ± 

$32,966

p<0.001 −20% (95% CI: −17% to −24%); p<0.001 −20% (95% CI: −16% to −23%); p<0.001

Readmission 8.9% 14.0% p<0.001 −38% (95% CI: −31% to −44%); p<0.001 −39% (95% CI: −32% to −46%); p<0.001

Cost per readmitted patient $43,846 ± 

$50,648

$50,533 ± 

$66,150

p=0.011 −16% (95% CI: −6% to −24%); p=0.002 −14% (95% CI: −5% to −23%); p=0.005

Abbreviation: CI, confidence interval.
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Bio-HA patients ($43,846 ± $50,648 vs $50,533 ± $66,150; univariate p = 0.011). This corresponded to lower adjusted costs 
for the Bio-HA by 16% (p = 0.002) without PS weighting and by 14% (p = 0.005) with PS weighting.

Contralateral KA was the most frequent primary procedure performed in both groups when readmitted. This 
comprised 30.0% of readmissions in the Bio-HA group (or 2.9% of all readmitted and non-readmitted patients) and 
50.6% of readmissions in the No HA group (or 7.6% of all readmitted and non-readmitted patients) (Table 3). Knee 
arthrotomy was the second most frequent primary procedure performed in both groups when readmitted, representing 
6.8% of readmissions in the Bio-HA group (or 0.66% of all readmitted and non-readmitted patients) and 4.0% of 
readmissions in the No HA group (or 0.60% of all readmitted and non-readmitted patients). There was no significant 
difference in short-term revision for any reason between groups (Bio-HA: 0.78% vs No HA: 0.67%) (univariate p = 
0.409; without PS weighing p = 0.340; with PS weighting p = 0.361). No differences in the short-term revision with PJI 
were observed (Bio-HA: 0.42% vs No HA: 0.33%) (without PS weighing p = 0.328; with PS weighting p = 0.192). Costs 
in the six months up to and including the KA, as well as cost of HA, were also not observed to be higher for the Bio-HA 
group ($49,759 ± $40,363 vs $50,532 ± $43,183; univariate p = 0.233; without PS weighing p = 0.204; with PS 
weighting p = 0.293).

Discussion
Our study found lower healthcare costs post-surgery for KA patients who had prior use of Bio-HA, which was driven 
primarily by fewer readmissions and lower inpatient costs. There were also no higher risks for the Bio-HA patients in 
terms of short-term revision for any reason or with PJI. Bio-HA patients did not have added costs leading up to and 
including the KA compared to No HA patients, despite their added cost from the Bio-HA.

The present study found fewer Bio-HA patients were readmitted within six months, correlating with a reduced per-patient 
inpatient cost of approximately $6700. Conflicting studies have reported the association of intra-articular knee injection use 
before KA with PJI risk.18–21 A study of Medicare total knee arthroplasty (TKA) patients identified a higher incidence of PJI 
at 3 and 6 months after TKA when a knee injection was performed with less than 3 months to the TKA, but the authors were 
unable to differentiate between specific types of injections.19 Bedard et al examined PJI outcomes in a cohort of 83,684 TKA 
patients and found that patients who received pre-operative injections within 6 or 7 months before the TKA had greater odds 
of developing PJI within 6 months post-TKA than patients who did not receive an injection.18 However, the analysis was 

Table 3 Top Primary Procedures During the Readmissions

Primary Procedure Percent of Readmissions

Bio-HA (n=365 readmissions)

Primary TKA 30.0% (n=119)

Knee arthrotomy 6.8% (n=27)

Primary THA 2.5% (n=10)

Spine fusion 2.5% (n=10)

Superior vena cava infusion device insertion 2.0% (n=8)

No HA (n=16,624 readmissions)

Primary TKA 50.6% (n=9042)

Knee arthrotomy 4.0% (n=716)

Primary THA 2.1% (n=372)

Spine fusion 1.4% (n=259)

Arthrotomy, non-specific 1.2% (n=214)

Abbreviations: Bio-HA, bio-fermentation derived hyaluronic acid; TKA, total knee arthroplasty; 
THA, total hip arthroplasty; HA, hyaluronic acid.
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unable to identify the anatomic site of injection nor the specific type of injection. Another study reported that preoperative CS 
or HA injections within three months before the TKA increased the risk of PJI, but there was no difference in risk with 
multiple injections compared with a single injection.20 Conversely, Kurtz et al found that intra-articular HA injections given 
within four months prior to TKA were not associated with the risk of PJI up to 24 months after surgery.21 Moreover, the 
present study found no increased revision risk at 6 months for the Bio-HA group compared to No HA group. The risk of 
revision with PJI was also comparable in both groups, suggesting that there was no increased PJI risk requiring surgical 
intervention for the Bio-HA group. Contralateral KA was also found to be the more frequent procedure performed in both 
groups, although the rate appeared to be lower for the Bio-HA group. This may be a key driver for the lower costs post-KA in 
the Bio-HA group. The study design did not permit an assessment of any potential causal relationship between Bio-HA and 
delaying contralateral KA. However, HA patients have been reported to be associated with a delay to their first KA.7,8,17,24,25

Some researchers have suggested that limiting access to knee injections, including HA, prior to KA will reduce 
healthcare costs.5,18 However, we did not find higher costs in the six months leading up to and including the KA 
procedure for the Bio-HA group than the no HA group, despite the added HA costs in the Bio-HA group. Concoff et al 
also reported lower median knee OA-related healthcare costs for patients who received HA before their TKA ($860.24) 
compared to those who did not receive HA before their TKA ($2,659.49).8 It may be that the Bio-HA patients were using 
fewer opioids and corticosteroids and therefore not experiencing any associated adverse events with opioids and 
corticosteroids after completing their Bio-HA treatment course, but this needs to be investigated further for our cohort. 
The use of HA has been reported by others to reduce the need for analgesic or rescue medication or corticosteroids at six 
months by others,10,26,27 and may even extend out to 12 months.28 Wilson and coworkers also found that TKA patients 
who received two or more HA injections in the year before TKA had significantly lower odds of becoming chronic 
opioid users, in terms of filling opioid prescriptions for at least 120 pills or at least 10 opioid prescriptions within 90 days 
to 1 year postoperatively.29 Niazi et al further observed a 54% reduction in the number of opioid users at 6 months after 
receiving a HA injection.30 Almost 80% of HA patients also did not require additional corticosteroid injections during 
that six-month period.

Limitations
Information derived from administrative claims data could not determine the severity of OA prior to KA. The impact, 
however, is minimized by the study design because the inclusion of only KA patients introduced a proxy restriction to the 
most severe patients who needed surgical intervention. This study only evaluated short-term costs within six months 
following KA; it is unclear if lower costs for the Bio-HA group will continue with longer follow-up. Our study was limited 
to Bio-HA patients and the findings may not be generalizable to patients who are treated with HA products other than Bio- 
HA prior to KA. Conflicting data have been reported on the relative risk of localized reactions for Bio-HA and avian-derived 
HA,11,15,16 which could have an impact on the costs. Due to the observational nature of the study design, we cannot attribute 
causation of the differences to Bio-HA. However, our study demonstrated that prior use of Bio-HA did not correspond to an 
increase in six-month pre-arthroplasty costs nor six-month revision rates. Moreover, the Bio-HA patients were observed to 
have lower overall healthcare and inpatient costs at six months post-surgery. It is unclear whether post-surgical costs may be 
associated with pre-surgical costs as this was not adjusted for the comparisons of post-surgical costs. Despite this uncertainty, 
the present study did not find any significant differences in costs in the six months up to and including the KA between the 
Bio-HA and no HA groups. While the study population included patients over 65 years, these results may not be general
izable to Medicare patients because the study cohort had private insurance with Medicare supplemental insurance. The study 
did not exclude patients enrolled in capitated health plans or Health Maintenance Organizations (HMOs), nor differentiate 
between those with and without Medicare supplemental insurance as the perspective was the cost to the insurer rather than 
patient costs. Moreover, the payments vary depending on the program type and whether the beneficiary has multiple 
coverages and other special insurance situations. However, the dataset did not contain sufficient information to be able to 
account for this. It is unclear if the findings would differ between those patients.
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Conclusions
With the ongoing debate about healthcare cost containment by limiting HA use, the analysis from the present study did 
not support the hypothesis that Bio-HA use prior to knee arthroplasty was associated with increased overall healthcare 
costs in the six months before and after surgery. Instead, those patients were found to have fewer readmissions and lower 
inpatient costs in the six-month post-operative period compared to patients without prior HA therapy. It was also notable 
that there were no differences in overall healthcare costs in the six months leading up to and including the surgery, 
despite additional HA costs for the Bio-HA patients. No added risks for Bio-HA patients in terms of short-term revision 
for any reason or with PJI were also observed. Limiting access to HA injections may divert patients to other non-surgical 
treatments that may not provide equivalent clinical benefits and/or introduce additional risks.
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