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Purpose: Although knee arthroplasty (KA) is the largest source of hospitalization costs for 

knee osteoarthritis (OA), some studies have suggested reducing the use of “low-value” interven-

tions, such as intra-articular hyaluronic acid (HA), to lower health care costs. However, those 

studies fail to consider that HA has demonstrated benefits in extending time to more costly KA 

or avoiding KA altogether. We evaluated 1) the overall knee OA costs (direct) within a 2-year 

period; 2) the relative contribution of HA and KA costs; 3) the direct cost savings from HA 

patients not undergoing KA.

Patients and methods: Knee OA patients were identified from the Optum Clinformatics 

data set, which includes physician, facility, and pharmacy claims data from privately insured 

patients of all ages. Patients were stratified in the no HA, non-hylan G-F 20, and hylan G-F 20 

cohorts. The cumulative costs (payer perspective) were evaluated for all knee OA-related claims 

(adjusted to Consumer Price Index Jan 2017$) for patients who had at least 2 years follow-up. 

Costs were stratified into various clinical categories.

Results: The study cohort included 2,030,497 knee OA patients, of which 65,144 patients 

(3.2%) underwent KA. The cost of treating knee OA within the 2-year follow-up period was 

estimated to be $4.99 billion (B). The majority of the costs (69%) were attributed to KA patients 

(3.2% of patients). In all, 15.9% of the HA patients underwent KA within 2 years, but HA only 

contributed 1.7% to the total costs for these patients. The remaining 84.1% of HA patients did 

not undergo KA, which saved an estimated total of $1.54B (average $20,740 per patient) or 

83.9%, after accounting for their non-KA therapies.

Conclusion: Our study estimated substantial cost savings through a large percentage of HA 

patients not undergoing KA. Although a fraction of patients moved on from their conservative 

therapy to undergo KA within the 2-year period, HA attributed to <2% of their total treatment costs.
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Introduction
Knee osteoarthritis (OA) contributes >$27 billion (B) annually in health care expendi-

tures in USA.1 The individual lifetime cost of knee OA-related care has been estimated 

to range from $12,400 to $16,000, depending on the eligibility of total knee arthro-

plasty (TKA) for the different Kellgren–Lawrence grades.2 Since most hospitalizations 

associated with OA are for joint replacement surgeries3 and the largest source of these 

costs is related to primary knee arthroplasty (KA),2 the increasing prevalence of KA 

across the globe4 may add to the increasing health care costs. There were ~620,000 

TKA in USA in 2009, corresponding to hospital expenditures of $28.5B.3 Moreover, 

there are a number of interventions that are commonly used before and after KA, 
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such as intra-articular (IA) corticosteroid (CS) injections, 

nonsteroidal anti-inflammatory drugs (NSAIDs), opioids, 

physical therapy (PT), arthroscopy, and IA hyaluronic acid 

(HA) injections.5,6

HA is a normal component of synovial joints that provides 

functional integrity, lubrication, and nutrition to the articular 

cartilage and when this joint is arthritic the concentration of 

naturally occurring HA decreases. One of the interventions 

used prior to KA is IA HA injections, which has been shown to 

reduce pain and increase function for knee OA patients.7 How-

ever, it is considered by some to be of low-value health care.8 

It has been suggested that knee OA costs can be reduced by 

45% if clinicians cease to utilize interventions that are not rec-

ommended by American Academy of Orthopaedic Surgeons 

(AAOS) Clinical Practice Guidelines, such as HA.9 However, 

these recommendations fail to consider that HA is associated 

with delay to more costly KA.10–12 Moreover, patients who are 

treated with HA may also be able to avoid KA altogether.12

Previous knee OA cost studies have primarily focused on 

the expenditures leading up to TKA,5,6,9 but have not assessed 

the episode-of-care costs starting from the time of knee OA 

diagnosis and beyond any surgical interventions. Therefore, 

our research objectives were 1) to evaluate the overall cost 

of care (direct) for treating knee OA within a 2-year period; 

2) to determine the contribution of HA and KA to the overall 

knee OA-related direct costs; and 3) to evaluate cost savings, 

if any, from the utilization of HA.

Materials and methods
Patients with knee OA were identified from the Optum Clin-

formatics (Eden Prairie, MN, USA) data from 2006 until the 

end of the second quarter of 2016. At the time of the study, the 

most recent data available corresponded to the year 2016. The 

study was designed to evaluate a 10-year period; therefore, 

the data set started from 2006. This USA data set incorporates 

claims from all 50 states for ~13 million lives annually, who 

are covered by UnitedHealth Group (commercial/private 

payer), including those of all age groups. It is derived from 

administrative claims through affiliated health plans, Optum 

employer customer health plans, and Optum payer customer 

health plans. The patient-level anonymized data are then 

integrated from physician, facility, and pharmacy claims, with 

various data elements such as demographics (age, gender), 

procedure codes, diagnoses codes, admission and discharge 

dates, and payments. These data are publicly available for 

purchase and are exempt from institutional review board 

approval. Knee OA and combined nonspecific OA and knee 

pain codes were used to identify the study cohort (Table 1). 

A look back period of 6 months with no previous knee OA 

diagnosis was used to identify the first diagnosis of knee OA. 

It was required to have at least a 2-year follow-up after the 

index knee OA diagnosis (no death or end of enrollment). 

Patients younger than 18 years old and who had IA HA treat-

ment prior to the knee OA diagnosis were excluded.

Patients were stratified in three cohorts: 1) no HA cohort; 

2) non-hylan G-F 20 cohort; and 3) hylan G-F 20 cohort. 

Those who did not receive IA HA following knee OA diag-

nosis were placed in the no HA cohort. The non-hylan G-F 20 

cohort included patients who received either multiple types 

of HAs during the study period or who utilized only one type 

of non-hylan G-F 20 HA during the study period. The hylan 

G-F 20 cohort included those who received only hylan G-F 

20; these patients were further subdivided into three groups: 

those who received 1) only hylan G-F 20 three injection type 

(“3 inj”); 2) only hylan G-F 20 one injection type (“1 inj”); 

or 3) a combination of both (“1+3 inj”). Table 1 shows the 

Healthcare Common Procedure Coding System (HCPCS) Q 

and J codes used to identify IA HA treatment and the codes 

used to limit the injections to the knee joint. Because hylan 

G-F 20 (3 inj) and hylan G-F 20 (1 inj) have the same HCPCS 

code, the following criteria were used sequentially to differ-

entiate between these two products: 1) year (hylan G-F 20 [3 

inj]: from 2006 up to February 26, 2009; hylan G-F 20 [3 inj] 

or hylan G-F 20 [1 inj]): from February 27, 2009 onwards; 

National Drug Code (hylan G-F 20 [3 inj]: 58468-0090-01 or 

66267-0921-03 or 35356-0034-01 or 68115-0535-03; hylan 

G-F 20 [1 inj]: 58468-0090-03); 2) brand name; 3) number 

of units per injection (hylan G-F 20 [3 inj]: 16 mg; hylan G-F 

20 [1 inj]: 48 mg); 4) number of injections (hylan G-F 20 [3 

inj]: 3 over 3 weeks; hylan G-F 20 [1 inj]: 1); and 5) charge 

difference (3× more for one injection of hylan G-F 20 [1 inj] 

than one injection of hylan G-F 20 [3 inj]).

The cumulative costs from the payer perspective were 

evaluated for all knee OA-related claims (adjusted to Con-

sumer Price Index Jan 2017$), which was compiled on a 

monthly basis until the end of the 2-year follow-up. The costs 

were stratified into various categories: 1) IA CS injection, 2) 

prescription of NSAIDs, 3) opioid prescription (from phar-

macy claims), 4) knee arthroscopy, 5) ultrasound/fluoroscopy 

use, 6) PT use, 7) HA, 8) primary KA, and 9) revision KA 

(RKA). These were identified using either HCPCS codes or 

brand names (Table 1).

Results
From the initial cohort of 4,027,848 knee OA patients, 

2,030,497 patients met the inclusion/exclusion criteria for 
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Table 1 hCPCs/CPT/iCD codes or brand name for knee Oa, ha, and the clinical factors considered

Clinical conditions/clinical factors HCPCS/CPT/ICD code
Knee Oa (principal/secondary diagnosis) iCD-9 of 715.x6 or iCD-10 of M17.x

Nonspecific OA with knee pain iCD-9-CM codes 715.x8, 715.x9, or 715.x0 with iCD-9-CM code 719.46

ia ha treatment Q3030, Q4083-Q4086, J7315-J7317, J7319-J7327, C9471, J7328, and Q9980

ia injections to the knee joint ia ha + any of 711.x6 (iCD-10: M00.06, M00.16, M00.26, M00.86, M02.36, M02.16, M02.06, M02.26, 
M02.86, M01.x6), 712.x6 (M11.86, M11.26, M11.16, M11.06), 716.x6 (M12.06, M12.16, M12.26, 
M12.36, M12.46, M12.56, M13.86, M12.86, M13.16), 717.x (M23), 718.x6 (M24.36, M24.46, M24.56, 
M24.66), 719.x6 (M25.26, M25.36, M25.46, M25.06, M25.76, M25.56, M25.66, M25.16, M25.86), 836.x 
(s83.0, s83.1, s83.2), 844.x (s83.4, s83.5, s83.6, s83.8, s83.9)

PT service 97110, 97116, 97012, 97140, 97150, 97014, 97032, 97022, 97034, 97036, 97113, 97016, 97035, 97112, 
97530, g0151

Corticosteroids J0702, J0704 (expired after Dec 31, 2010), J1020, J1030, J1040, J1094, J1100, J1700, J1710, J1720, J2650, 
J2920, J2930, J3300, J3301, J3302, and J3303 (only effective from Jan 1, 2009)

Knee arthroscopy 29866–29868, 29870–29871, 29873–29877, 29879–29887, 29999, g0289

Primary knee arthroplasty 81.54
0sRC0J* (without 0sPC* on the same claim), 0sRT0J* (without 0sPC0* on the same claim), 0sRU0J* 
(without 0sPD0* on the same claim), 0sRV0J* (without 0sPC0* on the same claim), 0sRW0J* (without 
0sPD0* on the same claim), 0sRD0J* (without 0sPD* on the same claim), 0sRC0l*, 0sRD0l*
27446, 27447

Revision knee arthroplasty 80.06, 81.55, 00.8x, 84.56, 84.57
0sWC*JZ, 0sWD*JZ, (0sRC0JZ with 0sPC*), (0sRD0JZ with 0sPD*), (0sRV0JZ with 0sPC0*), 
(0sRW0JZ with 0sPD0*), (0sRT0JZ with 0sPC0*), (0sRU0JZ with 0sPD0*), (0sUV09Z with 0sPC0*), 
(0sUW09Z with 0sPD0*), (0sUC0JZ with 0sPC0*), (0sUT09Z with 0sPC0*), (0sUD0JZ with 0sPD0*), 
(0sUU09Z with 0sPD0*), (0QRD0JZ with 0QPD0*), (0QUD0JZ with 0QPD0*), (0sUC09C with 
0QPD0*), (0QRF0JZ with 0QPF0*), (0QUF0JZ with 0QPF0*), (0sUD09C with 0QPF0*), (0sUV09Z 
with 0sPC0*), (0sUW09Z with 0sPD0*), 0shB08Z, 0sh908Z, 0shC08Z, 0shD08Z, 0sPC08Z, 
0sPD08Z, 0sPB08Z, 0sP908Z
27091, 27486, 27487, 11981, 11982

Ultrasound/fluoroscopy 20611 (eff 2015 onwards), 76942 or 77002 (have to be coded at the same time/on the same claim as 
ha injection)
Brand name

nsaiD Celecoxib
Diclofenac
Etodolac
Fenoprofen
Flurbiprofen
ibuprofen
indomethacin
Ketoprofen
Ketorolac
lecoprofen
nabumetone
naproxen
Oxaprozin

Drug name Trade name
Opioid alfentanil hydrochloride  or 

alfentanyl or alfentanil
anileridine
alphaprodine
Bromadol
Buprenorphine Butrans, Belbuca, Buprenex
Butorphanol

(Continued)
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Drug name Trade name

Codeine
Dextropropoxyphene
Dihydroetorphine
Dihydrocodeine synalgos
Diamorphine
Etorphine
Fentanyl Fentora, lazanda, subsys, abstral, actiq
Fentanyl citrate
Fentanyl patch 
(fentanyl transdermal system)

Duragesic

heroin
hydrocodone Zohydro, hysingla Vicoprofen
hydrocodone bitartrate
hydromorphone Exalgo, Dilaudid
hydromorphone hydrochloride Exalgo, Palladone
levorphanol
Meperidine Demerol
Methadose
Methadone Dolophine, Methadose
Methadone hydrochloride Dolophine
Morphine Ms Contin, Oramorph, Embeda, Kadian, infumorph, astramorph, Duramorph
Morphine sulfate avinza, Embeda, Kadian, Ms Contin
naltrexone Embeda
nalbuphine
Oxycodone Xtampza, OxyContin, Xartemis, Percocet, Oxecta, Roxicodone, Targiniq
Oxymorphone Opana
Oxymorphone hydrochloride Opana
Pethidine
Propoxyphene
Remifentanyl or remifentanil
sufentanyl or sufentanil sufenta
Tramadol Conzip, Ultram, Ultracet
Tapentadol nucynta
7-hydroxymitragynine

Abbreviations: HCPCS, Healthcare Common Procedure Coding System; CPT, Current Procedural Terminology; NSAID, nonsteroidal anti-inflammatory drug; PT, physical 
therapy; ia, intra-articular; Oa, osteoarthritis; ha, hyaluronic acid. 

Table 1 (Continued)

the cost analysis. From this group of patients, 65,144 patients 

(3.2%) underwent KA and 1,965,352 patients (96.8%) did not 

undergo KA (Figure 1). Of the 1,941,996 patients (95.6%) 

who did not receive any HA injection, 51,106 patients (2.6%) 

had KA and 1,890,890 patients (97.4%) did not. In all, 56,093 

patients (2.8%) received at least one non-hylan G-F 20 HA 

injection, which included 8,315 patients (14.8%) with KA and 

47,778 patients (85.2%) without KA. The remaining 32,408 

patients (1.6%) received hylan G-F 20 injections. From this 

last group, 18,870 patients (0.9%) were administered only 

hylan G-F 20 (3 inj) HA injections, including 3,367 patients 

(17.8%) with KA and 15,503 patients (82.2%) without KA. 

Also, 12,619 patients (0.6%) had only hylan G-F 20 (1 inj) HA 

injections, which included 2,250 patients (17.8%) who under-

went KA and 10,369 patients (82.2%) who did not undergo 

KA. Nine hundred and nineteen patients (0.05%) had a com-

bination of both hylan G-F 20 (3 inj) and hylan G-F 20 (1 inj) 

HA injections (“hylan G-F 20 [1+3 inj]” group), where 106 

patients (11.5%) had KA and 813 patients (88.5%) did not.

The cost of treating knee OA within a 2-year period fol-

lowing knee OA for the 2,030,497 patients was estimated to 

be $4.99B (Figure 2), corresponding to an average 2-year cost 

of $2,460 per patient. Although the majority of the patients 

did not undergo KA, the majority of the costs (69%) were 

attributed to KA patients. During the 2-year period, KA 

patients had the following estimated total knee OA-related 

costs: the no HA group had a $2,658.0 million (M) cost 

(67.8% of cohort costs); the non-hylan G-F 20 HA group 

had a $460.9M cost (69.3%); the hylan G-F 20 (3 inj) group 

had a $201.4M cost (77.1%); the hylan G-F 20 (1 inj) group 

had a $106.9M cost (78.2%); the combination of hylan G-F 

20 (3 inj) and hylan G-F 20 (1 inj) group had a $5.4M cost 
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Figure 1 Patient distribution within the study cohort.
Abbreviations: Ka, knee arthroplasty; ha, hyaluronic acid; Oa, osteoarthritis.
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Figure 2 Overall 2-year cost of treating knee Oa within the study cohort totalled $4.99B.
Abbreviations: Ka, knee arthroplasty; ha, hyaluronic acid; Oa, osteoarthritis.
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(58.7%); and the hylan G-F 20 (3 inj) or hylan G-F 20 (1 inj) 

group had a $313.7M cost (77.0%). The costs related to KA 

and RKA for the no HA group were $1.19B and $34.6M, 

respectively (Table 2). The average cost of KA ranged from 

$23,046 to $25,998, while the average cost of RKA per 

primary KA patient ranged from $0 to $677, depending on 

the patient group. The average and median 2-year knee OA-

related costs depended on whether the patient underwent KA 

(Figure 3). For example, hylan G-F 20 patients with KA had 

an average cost of $59,816 compared to the cost of $3,864 

for patients without KA. Similar differences were observed 

within other groups for KA vs non-KA patients.

For the HA cohort, each group had the following aver-

age HA cost per patient with/without KA: non-hylan G-F 20 

HA had $1,014/$1,170; the hylan G-F 20 (3 inj) group had 

$916/$1,005; the hylan G-F 20 (1 inj) group had $675/$760; 

the hylan G-F 20 (3 inj) or hylan G-F 20 (1 inj) group had 

$834/$931; and the hylan G-F 20 (1+3 inj) group had an 

average cost of $1,606/$1,686. The average (± SD) costs 

for the use of ultrasound/fluoroscopy with the HA claim 

was $120.1 ± $536.6, $27.2 ± $179.9, $15.0 ± $74.2, and 

$49.1 ± $253.0 for the non-hylan G-F 20 HA, hylan G-F 

20 (3 inj), hylan G-F 20 (1 inj), and hylan G-F 20 (1+3 inj) 

groups, respectively. Of the patients who underwent HA 

treatment, 15.9% underwent KA within 2 years. However, 

HA only contributed 1.7% to the total cost of treating these 

patients. Conversely, 84.1% of HA patients did not undergo 

KA within 2 years of being diagnosed with knee OA. If 

these patients had, instead, undergone KA without delay, the 

expected cost would have been $1.84B, which corresponded 

to $24,740 per patient (Figure 4). By not undergoing KA and 

any subsequent RKA, these patients saved an estimated total 

of $1.54B (average $20,740 per patient), after accounting for 

their non-KA therapies, which corresponded to a savings of 

83.9% (Figure 5).

From the specific clinical categories considered in the 

study, there was a greater prevalence of KA patients who 

Table 2 Total cost for Ka patients for each group

Cost of KA Cost of RKA

Group Total cost ($) Average cost per  
KA patient ($)

Total cost ($) Average cost per  
KA patient ($)

no ha 1,191,141,983 23,307 34,603,893 677
non-hylan g-F 20 ha 198,643,917 23,890 4,446,310 535
hylan g-F 20 (3 inj) 87,535,889 25,998 1,553,227 461
hylan g-F 20 (1 inj) 51,853,959 23,046 1,362,782 606
hylan g-F 20 (1+3 inj) 2,487,607 23,468 0 0
hylan g-F 20 (3 inj) or hylan g-F 20 (1 inj) 141,877,455 24,791 2,916,009 510

Abbreviations: ha, hyaluronic acid; RKa, revision knee arthroplasty; Ka, knee arthroplasty.

utilized opioids, NSAIDs, and PT compared to the non-KA 

patients (Table 3). KA patients also tended to have more office 

visits than the non-KA patients. For example, for the no HA 

group, the average number of office visits was 10.6 for those 

with KA and 2.4 for those without KA. Similarly, non-hylan 

G-F 20 HA patients with KA and without KA averaged 17.9 

and 10.2 office visits, respectively, while hylan G-F 20 (3 inj) 

or hylan G-F 20 (1 inj) patients with KA and without KA 

averaged 15.9 and 7.9 office visits, respectively. KA patients 

incurred an additional cost of $6,920–$9,429 in their average 

knee OA-related cost following KA (Table 4). Of the clinical 

categories examined in this study, the additional costs fol-

lowing KA were primarily from PT, followed by office visits, 

NSAIDs, knee arthroscopy, and opioids (Table 5). Moreover, 

the biggest relative changes pre- and post-KA appeared to 

be from PT costs, followed by opioid costs.

Discussion
Our analysis of over 2 million privately insured knee OA 

patients showed that the cost of treating these patients was 

almost $5B over a 2-year period following knee OA diag-

nosis. For the HA patients who subsequently underwent KA 

within 2 years of the knee OA, the cost of HA only contributed 

to 1.7% of the overall cost of treating those patients. A large 

proportion (84.1%) of HA patients also did not undergo KA 

within 2 years of knee OA diagnosis. If these patients had, 

instead, been treated immediately with KA (and subsequent 

RKA), it would have cost an estimated $1.84B. By not 

undergoing KA (and subsequent RKA) within 2 years of knee 

OA, these HA patients had potential savings of $1.54B, after 

accounting for other therapies that were utilized.

Our study found that the combination of the majority of 

HA patients not undergoing KA (and subsequent RKA) and 

the substantial cost differences for those who do and do not 

undergo KA, corresponded to an estimated cost savings of 

$1.54B (83.9% or $20,740 per patient). This was a conserva-

tive estimate because while it included the potential cost of 
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Figure 3 average (A) and median (B and C) 2-year costs of treating knee Oa for Ka and non-Ka patients. For the median plots, the light gray bars represent the 25th 
percentile (lower edge) and median (upper edge), while the dark gray bars represent the median (lower edge) and 75th percentile (upper edge).
Abbreviations: Ka, knee arthroplasty; ha, hyaluronic acid; Oa, osteoarthritis.
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Figure 4 Estimated costs of $1.84B for ha patients who did not undergo Ka during the study period, if they had, instead, undergone Ka without delay.
Abbreviations: Ka, knee arthroplasty; ha, hyaluronic acid.
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Figure 5 Estimated savings by not undergoing Ka and RKa for ha patients who did not undergo Ka during the 2-year study period.
Abbreviations: Ka, knee arthroplasty; RKa, revision Ka; ha, hyaluronic acid.
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Table 3 Prevalence of use of opioids, nsaiDs, corticosteroid injections, PT, and knee arthroscopy

Groups Opioids 
(%)

NSAIDs 
(%)

Corticosteroid 
injections (%)

PT 
(%)

Knee 
arthroscopy (%)

Revision 
KA (%)

no ha Ka 66.1 37.0 0.1 70.4 9.3 1.9
no Ka 37.9 16.9 0.0 29.9 7.2 –

non-hylan g-F 20 ha Ka 70.5 36.2 7.0 76.1 21.6 1.7
no Ka 46.4 25.8 7.5 44.4 20.2 –

hylan g-F 20 (3 inj) Ka 69.2 36.9 6.6 74.8 22.8 1.6
no Ka 45.7 28.3 7.7 40.4 22.2 –

hylan g-F 20 (1 inj) Ka 68.8 29.1 8.8 79.0 20.8 1.6
no Ka 45.9 20.9 8.8 42.1 20.2 –

hylan g-F 20 (3 inj) or hylan g-F 20 (1 inj) Ka 68.9 33.7 7.6 76.6 22.0 1.6
no Ka 45.9 25.4 8.3 41.1 21.4 –

hylan g-F 20 (1+3 inj) Ka 63.2 30.2 14.2 81.1 21.7 0
no Ka 50.6 26.9 13.8 42.3 20.8 –

Abbreviations: HA, hyaluronic acid; NSAIDs, nonsteroidal anti-inflammatory drugs; PT, physical therapy; KA, knee arthroplasty.

Table 4 average knee Oa-related costs up to and including Ka and during the full 2-year period for Ka patients

Group Full 2 years ($) Up to and including KA ($) Difference ($)

no ha 52,010 43,533 8,477
non-hylan g-F 20 ha 55,426 46,799 8,627
hylan g-F 20 (3 inj) 59,816 50,387 9,429
hylan g-F 20 (1 inj) 47,518 40,598 6,920
hylan g-F 20 (3 inj) or hylan g-F 20 (1 inj) 54,821 46,406 8,415
hylan g-F 20 (1+3 inj) 51,189 43,218 7,971

Abbreviations: Ka, knee arthroplasty; ha, hyaluronic acid; Oa, osteoarthritis.

Table 5 Knee OA-related costs by specific clinical category up to and including KA and during the full 2-year period for KA patients

Groups Opioids ($) NSAIDs ($) Corticosteroid  
injections ($)

Office visits ($) PT ($) Knee  
arthroscopy ($)

no ha 2 years 3,362,724 9,676,010 1,105 50,087,951 72,211,733 26,503,805
To Ka 989,352 3,958,599 1,062 24,552,157 8,518,597 23,157,396
Post-Ka difference 
(% of total)

2,373,372 (70.6) 5,717,411 (59.1) 43 (3.9) 25,535,794 (51.0) 63,693,136 (88.2) 3,346,409 (12.6)

non-hylan 
g-F 20 ha

2 years 636,282 2,210,572 13,785 16,198,268 14,181,781 12,192,436
To Ka 267,388 1,308,506 12,952 11,376,131 3,228,086 11,412,595
Post-Ka difference 
(% of total)

368,894 (58.0) 902,066 (40.8) 833 (6.0) 4,822,137 (29.8) 10,953,695 (77.2) 779,841 (6.4)

hylan g-F 
20 (3 inj)

2 years 244,015 1,017,987 4,195 7,060,731 5,536,691 5,355,391
To Ka 106,508 613,883 3,970 4,868,440 1,129,714 5,044,552
Post-Ka difference 
(% of total)

137,507 (56.4) 404,104 (39.7) 225 (5.4) 2,192,291 (31.0) 4,406,977 (79.6) 310,839 (5.8)

hylan g-F 
20 (1 inj)

2 years 207,242 429,005 4,654 2,958,008 3,409,128 2,579,816
To Ka 78,453 254,585 4,384 1,985,676 746,800 2,488,548
Post-Ka difference 
(% of total)

128,789 (62.1) 174,420 (40.7) 270 (5.8) 972,332 (32.9) 2,662,328 (78.1) 91,268 (3.5)

hylan g-F 
20 (3 inj) or 
hylan g-F 
20 (1 inj)

2 years 467,851 1,468,068 9,254 10,226,412 9,116,043 8,090,706
To Ka 195,451 884,927 8,711 7,005,582 1,928,929 7,680,958
Post-Ka difference 
(% of total)

272,400 (58.2) 583,141 (39.7) 543 (5.9) 3,220,830 (31.5) 7,187,114 (78.8) 409,748 (5.1)

hylan g-F 
20 (1+3 inj)

2 years 16,593 21,076 406 207,673 170,224 155,499
To Ka 10,489 16,459 356 151,466 52,416 147,859
Post-Ka difference 
(% of total)

6,104 (36.8) 4,617 (21.9) 50 (12.3) 56,207 (27.1) 117,808 (69.2) 7,640 (4.9)

Abbreviations: HA, hyaluronic acid; NSAIDs, nonsteroidal anti-inflammatory drugs; PT, physical therapy; KA, knee arthroplasty; OA, osteoarthritis.
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subsequent RKA, it did not include other post-KA care and 

interventions, such as PT, office visits, NSAIDs, and opioids. 

Our patient cohort encountered about $7,000–$9,000 per 

patient in additional costs following primary KA (Table 4). 

This included the average cost of about $460–$680 for RKA 

per primary KA patient, but substantial costs for other treat-

ments following KA still remain. Thus, opting for nonopera-

tive treatment may be perceived by private payers to be less 

costly,13 particularly if patients are able to avoid KA,12 which 

applied to >80% of the HA patients in our study. Moreover, 

if patients are able to delay surgery, as has been observed in 

previous studies,10–12 some patients may change insurers or 

become eligible for Medicare, in turn, resulting in savings to 

the initial insurer.13 Further improvement in knee OA symp-

toms or even delay to surgery may be provided by multiple 

courses of HA therapy.10,14,15 However, there may be detrimen-

tal effects on the net earnings by delaying KA over opting to 

undergo nonoperative care. Bedair et al estimated that there 

would be a loss in net earnings between $70,000 and $106,000 

by delaying KA by 1–10 years over nonoperative treatment.13 

On the other hand, Mari et al did not find any support for early 

TKA over late TKA from a cost-utility perspective.16

In our cohort of HA patients who underwent KA within 

2 years of the knee OA (15.9%), HA contributed to a dis-

proportionately small fraction (1.7%) of the total cost for 

treating these patients. The contribution of HA to the cost 

of patient care has been examined from various perspec-

tives. Bedard et al examined the costs of non-arthroplasty 

management of knee OA in the year prior to TKA.8 They 

reported that 29.3% of non-inpatient costs were due to HA 

and concluded that the costs would decrease by 45% if the 

use of interventions was limited to those recommended by 

AAOS Clinical Practice Guidelines. However, Bedard et 

al failed to consider surgical interventions, such as knee 

arthroscopy, in the year prior to TKA, which would be more 

costly than the nonsurgical options examined in their study. 

The Medicare national average rates for knee arthroscopy are 

about $560–$870 for physicians, $2,200 for hospital outpa-

tient rates, $1,200 for ambulatory surgical center rates, and 

at least $7,500 if inpatient stays are required.17 In contrast, 

Bedard et al identified a lower average cost of up to $822 per 

patient receiving HA treatment.9 Using commercial claims 

data of TKA patients, Weick et al reported that HA injections 

accounted for 16% of all knee OA-related payments in the 

12 months prior to TKA.18 They suggested that decreasing 

its use may represent a substantial cost savings that does not 

adversely impact the quality of care. However, both the Weick 

and Bedard studies considered non-arthroplasty costs leading 

up to the TKA surgery, but failed to consider those costs in 

the context of the TKA costs. TKA represents the largest 

source of per-person lifetime costs for knee OA-related care.2 

Postoperative costs related to the TKA surgery, such as PT, 

office visits, and RKA, also add to the arthroplasty-related 

cost of care. Moreover, high molecular weight HA has been 

reported to be cost-effective in treating knee OA compared to 

conventional care including NSAIDs19 or when added to usual 

care, which includes NSAIDs along with acetaminophen, PT, 

and lifestyle changes.20 Yet, NSAIDs has a “strong” recom-

mendation under the AAOS Clinical Practice Guidelines but 

HA is strongly not recommended.21 Other studies have also 

concluded that HA is not inferior to NSAIDs.22,23

Although our study attempted to capture the costs related 

to treating knee OA within 2 years following diagnosis of 

the disease, we were unable to include the costs associated 

with over-the-counter medications, even though our analysis 

included prescription medications. Furthermore, the analysis 

was based on prescriptions, but not consumption. Our results 

were also limited by the relatively short look back period of 

6 months with no previous knee OA diagnosis and the 2-year 

window following knee OA diagnosis. It is unclear to what 

extent the different contributions to the cost of treating these 

patients may change over a longer time period. We were 

also unable to include indirect costs. Our findings are also 

based on costs from the payer perspective, not from societal 

or hospital perspectives. Our study had several strengths. It 

relied on real-world data from a large sample size of over 2 

million knee OA patients. It also included knee OA patients 

of all ages. Knee OA-related costs were analyzed from vari-

ous sources, including professional services, facility fees, 

prescription medications, as well as non-arthroplasty and 

arthroplasty interventions.

Conclusion
Our study estimated substantial cost savings through a large 

percentage of HA patients not undergoing KA and subse-

quent RKA. Although a fraction of patients moved on from 

their conservative therapy to undergo KA within the 2-year 

period, HA attributed to <2% of their total treatment costs. 

With many therapies available for treating knee OA, efforts 

should focus on identifying the most appropriate candidates 

for arthroplasty and non-arthroplasty therapies, such as HA 

or other non-HA therapies, to help reduce costs to the health 

care system.
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