
steoarthritis (OA) and other rheumatic conditions are
the leading cause of disability in the United States.1

The prevalence of OA of the knee in various countries
can be estimated as 18% of men and women as inferred by a
recent meta-analysis.2 OA can also result in significant direct
and indirect costs, which are higher with greater disability.3

Current therapeutic options for OA are approved to treat the
pain associated with the disorder. The American College of
Rheumatology recommends the initial use of nonpharmacologic
techniques, such as patient education, weight loss, and physical
therapy, followed by pharmacologic therapies such as aceta-
minophen and cyclooxygenase (COX)-2-specific inhibitors.4

Intra-articular hyaluronan therapy is recommended for patients
who are no longer responsive to nonpharmacologic and phar-
macologic treatments or who may be experiencing adverse side
effects with nonselective nonsteroidal inflammatory drugs or
COX-2-specific inhibitors.4

Total knee replacement (TKR) is considered a last resort for
treatment of OA knee pain in appropriate patients when other
therapies fail. According to the National Hospital Discharge
Survey published by the U.S. Department of Health & Human
Services, approximately 326,000 patients in the United States
received a TKR in 2001.5 In a sample of 6,856 decedents aged
≥65 years, 2.1% were found to have received knee replace-
ments.6 The cost of knee replacement surgery at patient dis-
charge was reported as $24,045 for 2001.7

The success of TKR in most patients has been supported by
more than 20 years of follow-up data.8 While TKR is an effective
option for OA pain relief for many patients, it is not medically
desirable for some patients (age, heart disease, diabetes, 
pulmonary disease, obesity, or generalized medical debilitation)
or is not preferred by others. Additionally, complications of the
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BACKGROUND: Total knee replacement (TKR), a last resort for treating knee
pain due to osteoarthritis (OA), is not always medically indicated or preferred
by many patients. Hylan G-F 20 is a cross-linked hyaluronan derivative approved
for the treatment of pain due to OA of the knee after other conservative
approaches have failed. 

OBJECTIVE: The objectives of this study were to (1) determine the effect of
hylan G-F 20 on patient need for TKR as measured by time from hylan G-F
20 injection to TKR, and (2) assess patient factors that might influence time
from hylan G-F 20 therapy to TKR.

METHODS: This is a retrospective case series review of the medical records
of patients seen in 1 orthopedic specialty practice. The incidence and time
to TKR in patients who were TKR candidates (100% grade IV OA [severe])
treated with 1 or more courses of intra-articular hylan G-F 20 injections 
(3 weekly injections per course) were determined from October 1997 to
November 2003. Survival analysis was used to evaluate time to TKR and 
the effects of age, gender, ethnicity, body mass index (BMI), and presence 
of effusion on this outcome. Logistic regression was also used to assess
these covariates.

RESULTS: The incidence of TKR in hylan G-F 20-treated knees (1,187 knees;
863 patients) was 19% (n=225 knees). The median time to TKR in these
patients was 638 days (1.8 years; minimum of 14 days, maximum of 2,147
days). For patients in whom a TKR had not yet occurred during the observa-
tion time, the median time of hylan G-F 20 treatment and patient follow-up
was 810 days (2.2 years; minimum of 7 days, maximum of 2,222 days). 
A total of 1,978 courses of hylan G-F 20 given to 1,187 knees (average 
1.67 courses per knee) resulted in an average cost of $1,419.76 per knee to
delay TKR by a median of 2.1 years (772 days, minimum 7, maximum 2,222),
the median time of all knees to either TKR or time of last observation.
Survival analysis showed that 75% of knees had not had a TKR by 1,370
days (3.8 years). Survival analysis and logistic regression indicated that of
age, gender, ethnicity, BMI, and presence of effusion, only age significantly
affected time to TKR. 

CONCLUSION: In patients who are candidates for TKR, the need for TKR can
be delayed with hylan G-F 20 when used for the treatment of OA knee pain. 

KEYWORDS: Hylan G-F 20, Knee, Osteoarthritis, Pain, Total knee replacement

J Manag Care Pharm. 2007;13(2)113-21

O

Authors

RESEARCH

Total Knee Replacement Delayed With 
Hylan G-F 20 Use in Patients With Grade IV Osteoarthritis

David D. Waddell, MD, and DeWayne C. Bricker, PA-C

www.amcp.org    Vol. 13, No. 2    March 2007   JMCP Journal of Managed Care Pharmacy   113

DAVID D. WADDELL, MD, is a clinical associate professor of orthopedics
at Louisiana State University Health Sciences Center School of Medicine,
Shreveport, LA, and an orthopedic surgeon affiliated with Orthopedic
Specialists of Louisiana, Shreveport, LA; DEWAYNE C. BRICKER, PA-C, is
a certified physician assistant, Marshall, Texas (at the time of this study, he
was a certified physician assistant at Orthopedic Specialists of Louisiana,
Shreveport, LA).

CORRESPONDING AUTHOR: David D. Waddell, MD, Orthopedic
Specialists of Louisiana, 1500 Line Ave., Shreveport, LA 71101. 
Tel: (318) 212-0248; Fax: (318) 632-6097; Email: oslresearch@aol.com

Copyright© 2007, Academy of Managed Care Pharmacy. All rights reserved.

 



114    Journal of Managed Care Pharmacy JMCP March 2007 Vol. 13, No. 2 www.amcp.org

surgery have been reported, including infection,9,10 pulmonary
embolism,11,12 thromboses,11,13-15 fat embolism,16 hemarthrosis,17

patellar fracture,18 heterotopic ossification,19,20 stiffness,21,22 nerve
damage,11,23 vascular injuries,11,14,24,25 and urinary complications.11,12

The perioperative mortality rate has been reported at 0.17%-
0.46% for primary total knee arthroplasty within 90 days26-28

and 0.33%-0.78% for bilateral knee replacements within 30
days.28-30

Hylan G-F 20 (Synvisc) is a cross-linked hyaluronan derivative
approved for the treatment of pain due to OA of the knee after
other conservative approaches have failed. Three intra-articular
hylan G-F 20 injections effectively relieve the pain associated
with OA of the knee as demonstrated by studies of various
design, including double-blind, placebo-controlled; open-label,
prospective with or without an active control; and retrospec-
tive.31-37 In many instances, either medically or by patient
choice, delaying the need for a TKR would be advantageous.
Previous reports, including a case-control study, a small uncon-
trolled study, and a theoretical managed care model, suggest
that hylan G-F 20 may help delay patient need for TKR.38-40

The objective of the current study was to investigate the ability
of hylan G-F 20 to delay the need for TKR in patients with 
predominantly severe OA of the knee in our large orthopedic
practice over a 6-year period.

■■ Methods
Patients
In our clinical practice, patients diagnosed with OA of the knee
who are assessed as clinically suitable candidates for hylan G-F
20 therapy are routinely offered the therapy for OA knee pain
relief. We consider a patient with any Kellgren-Lawrence grade
of OA without any mechanical problems in the knee (i.e., torn
cartilage, severe varus or valgus deformity, or end-stage 
bone-on-bone disease) as suitable for hylan G-F 20 therapy. We
consider a patient a TKR candidate if they have Kellgren-
Lawrence OA grade IV (severe; joint space greatly impaired with
sclerosis of subchondral bone) and score on the visual analogue
scale (VAS) for pain of approximately 60 mm or greater (on a
100-mm scale). All patients included in this 6-year retrospective
data review were considered TKR candidates when they entered
our practice. Instead of being scheduled immediately for knee
replacement surgery, all patients received hylan G-F 20. In our
practice, patients who are TKR candidates and who are not
appropriate for hylan G-F 20 typically undergo surgery within
3 months.

Exclusion criteria for receiving hylan G-F 20 were mechanical
symptoms or deformities due to OA, including flexion contracture
>20°, valgus malalignment >15°, or varus malalignment >10°.
Patients were also not treated if they had any contraindications
to the therapy, which are known hypersensitivity to hyaluronan
preparations, target knee joint infections, or skin diseases or
infections in the area of the injection site. Before undergoing

intra-articular hylan G-F 20 injections, all patients had been
unsuccessfully treated with nonsteroidal anti-inflammatory
drugs and analgesics, and most with COX-2 inhibitors once
these were commercially available. At some point, most of the
patients had received some form of nonpharmacologic therapy
(such as physical therapy) or corticosteroid injections for relief
of OA knee pain. Unsuccessful previous treatment was typically
defined as a score of 50 on a VAS for pain or as a total score on
the Western Ontario McMaster Osteoarthritis Index. 

Database Methodology
Our clinical practice has developed and currently maintains a
database of patient information for those receiving hylan G-F 20
for the treatment of OA knee pain. Specific information routinely
recorded in the database includes demographic information,
osteoarthritic disease characteristics (grade, presence of effusion),
prospectively collected data on efficacy measures (e.g., physician
VAS for OA knee pain), the occurrence of local adverse events
(knee pain and swelling), and the date of any TKR. These
prospectively collected data were taken from the records of
patients’ initial and follow-up visits or follow-up telephone calls
if the patient did not return for an office visit.

For this study, data (including TKR status) from the
described patients who initiated treatment and/or received
repeat treatment with hylan G-F 20 from October 30, 1997, to
November 30, 2003, were retrospectively reviewed to explore
the ability of hylan G-F 20 to delay patient need for TKR. If TKR
status of the patient was unknown as of November 30, 2003,
attempts were made to contact the patient by telephone to
obtain his or her TKR status. 

This study was reviewed retrospectively by an institutional
review board, which approved the research protocol. Before
treatment, all hylan G-F 20-treated patients signed a standard
consent form, which included consent for their health or medical
record to be used as a source of data for research.

Treatment With Hylan G-F 20
Each course of therapy involves 1 intra-articular hylan G-F 20
injection (2 mL) per week for 3 weeks using a fluoroscopic tech-
nique that confirms accurate needle placement in the joint as we
have previously described.41 The published cost of a course of
hylan G-F 20 injections in 2006 was $852, which includes the
cost of 3 injections with arthrocentesis and 1 office visit (Medicare
reimbursement policy allows only 1 office visit charge despite the
need for 3 visits).42-44 The additional cost of fluoroscopy, which
is not used by all physicians, is $77 per injection or $231 per
course of therapy. 

Patients may have received more than 1 course of therapy
during this observation period (Table 1). While product information
states that results of repeat use have not been established,45 we have
published 3 articles on 2 studies indicating the effectiveness and
tolerability of repeat courses of hylan G-F 20.46-48 In our practice,
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we repeat courses of hylan G-F 20 therapy after a patient experi-
ences an initial beneficial response (≥20 mm reduction in physician
VAS for OA knee pain) with the treatment. Subsequent courses
of therapy are offered to patients if their VAS score worsens to
50% of their initial baseline VAS. In our prospective study 
of a second course of therapy, the mean time between first and 
second courses was 19 months.46

To avoid local adverse events (knee pain and swelling) after
injection, we instruct patients to rest the afternoon of the 
injection, use an ice pack for 2 to 3 hours, and resume normal
activities the day after the injection, except for strenuous work
or exercise, which should be resumed only after completion 
of therapy. We also provide patients with a prescription of
hydrocodone and acetaminophen, pentazocine hydrogen 
chloride and acetaminophen, or tramadol hydrogen chloride
and acetaminophen, to be used only if they experience 
postinjection pain and swelling.

Statistical Analysis
For patients undergoing a TKR during the observation period,
median time to TKR was determined. Median time to TKR
included treatment time for hylan G-F 20 (2 weeks) and the
time up until the TKR was performed. For those patients who
did not receive a TKR, median time of patient follow-up was
calculated. Median patient follow-up time was defined as the
hylan G-F 20 treatment time (2 weeks) plus the time of follow-up
after treatment. For patients with known TKR status during the
entire observation period, the end of a patient’s follow-up time
was the end of the observation period (November 30, 2003).
Otherwise, the end of a patient’s follow-up time was the date of
the patient’s last office visit if the patient was no longer being
seen in our office and could not be contacted by telephone (lost
to follow-up). End of follow-up time for deceased patients was
their date of death or the date of the last office visit if the exact
date of death was not available. If an exact date of the month or
year of having a TKR was not available, the first of the indicated
month or year was used for the follow-up time calculation.

Because patients with grade IV OA of the knee are considered
candidates for TKR in our practice, only patients with grade IV
OA of the knee treated with hylan G-F 20 were analyzed. The 
incidence of TKR in this patient population was calculated. 
The effects of age, ethnicity, gender, body mass index (BMI),
and effusion history at the beginning of hylan G-F 20 treatment
on the odds for a TKR were evaluated using logistic regression (the
GENMOD procedure in SAS [SAS version 9.1, SAS Institute,
Cary, NC]). Age was categorized to 1 of 5 groups: <50 years, 
50 to 59 years, 60 to 69 years, 70 to 79 years, and ≥80 years.
BMI was also categorized into groups: normal (20-25 kg/m2),
overweight (26-30 kg/m2), obese (31-40 kg/m2), and severely
obese (>40 kg/m2). If significant covariate effects were detected
(P <0.05), covariate effects were evaluated by a Wald chi-square
test.

Because not all patients had received a TKR during the
observation period, survival analysis was used to evaluate 
(1) time to TKR for the entire patient population and (2) the
effects of age, ethnicity, gender, BMI, and effusion history at
the beginning of hylan G-F 20 treatment on the time to TKR.
The PHREG procedure in SAS was used to test the effects of
these covariates on the time to TKR under the assumption of a
proportional hazards model. If significant covariate effects were
detected (P <0.05), covariate effects were evaluated by a Wald chi-
square test.

■■ Results
Patient Knee Disposition and Patient Demographics
A total of 1,187 knees (863 patients) with OA grade IV were
treated with hylan G-F 20. The disposition of treated knees,
with regard to patient status during the observation period, that
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Disposition of Knee Population 
During the Observation Period*

TABLE 1

Disposition N (%) of Knees

Initiated hylan G-F 20 1,187

Known TKR status during entire observation period 749 (63.1)

TKR 225 (19.0)

Still being seen in our practice 210 (17.7)

Telephone follow-up 293 (24.7)

Deceased† 21 (1.8)

Unknown TKR status during entire observation period 438 (36.9)

Lost to follow-up‡ 407 (34.3)

Deceased|| 17 (1.4)

Discontinued due to local adverse event 10 (0.8)

Discontinued due to other medical reasons 4 (0.3)

Number of knees treated by course§

Course 1 1,187 (100)

Course 2 533 (44.9)

Course 3 170 (14.3)

Course 4 48 (4.0)

Course 5 13 (1.1)

Course 6 7 (0.6)

* The observation period was from October 1997 to November 2003.
† TKR status known up until the date of death.
‡ Lost to follow-up includes patients no longer being seen in our practice and 

who could not be reached by telephone contact.
|| TKR status unknown from the time of the last office visit until the date of 

death.
§ A course is equivalent to 3 weekly injections, at a cost of $852, including 

3 injections with arthrocentesis and 1 office visit (in accordance with 
Medicare reimbursement policy).

TKR = total knee replacement.
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were included in the analysis is presented in Table 1. The number
of knees receiving from 1 to 6 courses of therapy is also 
summarized in Table 1.

The demographic characteristics and TKR status of patients
whose knees were treated with hylan G-F 20 are shown in 
Table 2. The mean age was 67.5 years for patients who did not
undergo TKR and 66.8 years for those who underwent TKR.
Independent of TKR status, the majority of patients were female
and white (the remaining patients were African American), and
had above-normal BMI. Most patients had no history of effusion
in the target knee.

Incidence and Odds of TKR
The majority of knees being treated with hylan G-F 20 during
the observation time did not require a TKR. A total of 225 knees
underwent a TKR, for a TKR incidence of 19% of knees in this
population of surgical candidates with OA grade IV (Table 1).
The incidence of TKR by demographic and disease characteristics
is shown in Table 3. Within age categories, the incidence of TKR
in knees was highest for patients aged 60 to 69 years, which was
more than double the percentage of patients aged <50 or ≥80
years who had a TKR. Knees from patients who were obese had
a higher incidence of TKR compared with knees from patients
with normal BMI, or from those who were overweight or severely
obese. All other incidences for knees having a TKR within other
age categories, gender, ethnicity, and effusion history were 
comparable with the 19% incidence for all knees.

Logistic regression showed that of age, gender, ethnicity,
BMI, and effusion history, age was the only significant covariate
(P <0.001). Odds ratios for age-group comparisons are presented in
Table 4. Knees from patients aged 60 to 69 years were significantly
more likely to have had a TKR compared with knees from
patients in age groups <50 years (P = 0.006), 70 to 79 years 
(P = 0.0082), and ≥80 years (P <0.001). Patient knees from the
<50-year-old group were 57% less likely to have had a TKR than
were patient knees from the 60 to 69-year-old group (P=0.006).
Knees of patients in the age groups 50 to 59, 60 to 69, and 70
to 79 years were approximately 2- to 3-fold more likely to have
had a TKR than were knees of patients ≥80 years (P <0.05).

Time to TKR
For knees that underwent TKR during the observation period,
the median time to TKR following hylan G-F 20 treatment
(including 2 weeks for hylan G-F 20 administration) was 1.8
years (638 days; minimum of 14 days, maximum of 2,147
days). For knees in which a TKR had not yet occurred during
the observation period, median time of hylan G-F 20 treatment
and patient follow-up was 2.2 years (810 days; minimum of 
7 days, maximum of 2,222 days). While this latter calculation
included patients lost to follow-up, we further calculated the
known time of follow-up for knees of patients no longer being
seen in the practice (lost to follow-up): 1.1 years (416 days;
minimum of 7 days, maximum of 2,112 days).

Collectively, the median time of all knees to either TKR or
time of last observation was 2.1 years (772 days; minimum 7,
maximum 2,222). Based on the current cost of hylan G-F 20
($852, including 3 injections with arthrocentesis and 1 office
visit [in accordance with Medicare reimbursement policy]), we
calculated that 1,978 courses of hylan G-F 20 given to 1,187 knees
(average 1.67 course per knee) resulted in an average cost of
$1,419.76 per knee to delay TKR by a median of 2.1 years
(median time for all knees).

Survival analysis of all knees for time to TKR is shown in
Figure 1, which indicates that 75% of knees had not had a TKR

Patient Demographics and 
Target Knee Characteristics

TABLE 2

Characteristic Without TKR (N=962) With TKR (N=225)

Age, years*

Mean ± SD 67.5 ± 13.3 66.8 ± 10.02

Range 28-98 36-89

Patient distribution, N (%)

<50 109 (11.3) 16 (7.1)

50-59 141 (14.7) 31 (13.8)

60-69 212 (22.1) 80 (35.7)

70-79 343 (35.7) 79 (35.1)

≥80 156 (16.2) 19 (8.4)

Gender, N (%)

Male 393 (40.9) 88 (39.1)

Female 569 (59.1) 137 (61.2)

Ethnic origin, N (%)

White 856 (89.0) 207 (92.0)

African American 106 (11.0) 18 (8.0)

Body mass index, kg/m2

Mean ± SD 31.1 ± 6.6 30.6 ± 5.6

Range 17.9-2.1 19.1-4.1

Patient distribution, N (%)

Normal (20-25) 140 (14.5) 31 (31.8)

Overweight (26-30) 358 (37.2) 78 (34.7)

Obese (31-40) 370 (38.5) 102 (45.3)

Severely obese (>40) 94 (9.8) 14 (6.2)

History of target knee 
effusion, N (%)

No 822 (85.5) 198 (88.0)

Yes 140 (14.6) 27 (12.0)

Baseline visual analogue 
scale for pain, 100-mm scale

Mean ± SD 77.1 ± 13.6 77.3 ± 12.4

* N = 961 for patients without TKR, due to missing information for 1 patient.
TKR = total knee replacement.
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by 3.8 years (1,370 days; 95% confidence interval [CI], 1,215-1,590
days). These analyses included data on those lost to 
follow-up who had not had a TKR at the time of their last office visit.

Effect of Demographic Variables on Time to TKR
Of the covariates tested in the survival analysis (age, gender, 
ethnicity, BMI, and effusion history), age was the only signifi-
cant predictor for time to TKR (P = 0.009). Figure 2 illustrates
the survival analysis for time to TKR by age group. Knees of
patients in the age group 60 to 69 years had the shortest
amount of time to TKR, while knees of patients aged <50 years
had the longest time to TKR, followed by knees of patients aged
≥80 years (Figure 2). Time to TKR was significantly shorter for
knees of patients in the 60 to 69 years age group compared with
knees of patients aged <50 years (P=0.003) and of patients aged
≥80 years (P <0.004). For patients aged 70 to 79 years, time to
TKR was significantly shorter than for patients aged <50 years
(P=0.033) and patients aged ≥80 years (P=0.047). No other age
comparisons were significantly different.

■■ Discussion
This study suggests that the use of 1 or more courses of hylan
G-F 20 in orthopedic practice can delay the need for surgery in
patients who are candidates for TKR (OA grade IV knees).
Delaying TKR can be advantageous for patients who do not
want surgery or for whom surgery is not medically desirable.
The incidence of TKR in the population of TKR candidates 
studied here was low, and for knees that underwent TKR, use of
hylan G-F 20 had the ability to delay surgery for approximately
1.8 years. In others, the median time of hylan G-F 20 treatment
and patient follow-up without having a TKR was 2.2 years.

Previously reported data also show that hylan G-F 20 can
delay the need for TKR in patient populations with predominantly
advanced OA. In an open-label, multicenter trial, OA knee pain
in 86% of patients (n = 60) with advanced OA (75% grade IV)
receiving hylan G-F 20 therapy (up to 4 courses) improved 
sufficiently enough to delay TKR at week 12 of the study.39

At the end of the 30-month observation period, a total of 59%
of treated patients were able to delay TKR.39 We reported a 
preliminary, case-control study (110 TKR patients; 1,151
patients without TKR) in which the probability of progression
to TKR in a population of predominantly advanced OA (83%
grade IV) knee patients was reduced with hylan G-F 20 therapy.38

Although TKR has been shown to be an effective therapy for
patients ranging in age from <50 years to >80 and 90 years,49-51

patients aged <50 years or >80 years may not be the best TKR
candidates and are thus less likely to undergo the procedure.
Our study reflects this trend because we found that patients
aged <50 years and patients aged ≥80 years were significantly
less likely to have had a TKR than other age groups. For example,
patients aged <50 years were significantly less likely to have had
a TKR than 60 to 69-year-olds, and patients aged ≥80 years
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Incidence of Total Knee Replacement by
Demographic and Disease Characteristics

TABLE 3

Patients per TKR Incidence, 
Characteristic Subgroup, N N (%)

Age distribution, years

<50 125 16 (12.8)

50-59 172 31 (18.0)

60-69 292 80 (27.4)

70-79 422 79 (18.7)

≥80 175 19 (10.9)

Gender

Male 481 88 (18.3)

Female 706 137 (19.4)

Ethnic origin

White 1,063 207 (19.5)

African American 124 18 (14.5)

Body mass index distribution, kg/m2

Normal (20-25) 171 31 (18.1)

Overweight (26-30) 436 78 (17.9)

Obese (31-40) 472 102 (21.6)

Severely obese (>40) 108 14 (13.0)

History of target knee effusion

No 1,020 198 (19.4)

Yes 167 27 (16.2)

Odds Ratios for Age Comparisons 
With Logistic Regression

TABLE 4

Age, years             Odds Ratio 95% CI P Value

<50 vs. 50-59 0.65 0.34-1.27 0.2104

<50 vs. 60-69 0.43 0.24-0.79 0.0060

<50 vs. 70-79 0.70 0.38-1.28 0.2489

<50 vs. <80 1.35 0.64-2.85 0.4289

50-59 vs. 60-69 0.66 0.41-1.06 0.0853

50-59 vs. 70-79 1.07 0.66-1.73 0.7729

50-59 vs. ≥80 2.07 1.08-3.96 0.0282

60-69 vs. 70-79 1.63 1.14-2.35 0.0082

60-69 vs. ≥80 3.15 1.79-5.53 <0.0001

70-79 vs. ≥80 1.93 1.12-3.32 0.0183

* Wald chi-square test.

CI = confidence interval.
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were significantly less likely to have had a TKR than patients
aged 50 to 59 years, 60 to 69 years, and 70 to 79 years. Patients
in the age group 60 to 69 years had the highest incidence of
TKR and the shortest time to TKR compared with the other age
groups. Survival analysis also showed that patients aged <50
years and ≥80 years had the longest time to TKR, reflecting
inclusion of data for patients lost to follow-up who had not had
a TKR as of their last office visit.

In many cases, it may be desirable to delay TKR in younger
patients because of the risk of hardware revisions, loosening
from the bone, pain from overuse, or to delay or avoid the proce-
dure altogether in older patients or patients with comorbidities
who may increase their complication risk with surgery.

Therefore, delaying TKR by incorporating hylan G-F 20 into the
treatment plans for these patients is advantageous. Avoiding
surgical treatment might also prevent complications that can
arise from TKR, including, but not limited to, infection,9,10

pulmonary embolism,11,12 thromboses,11,13-15 fat embolism,16

hemarthrosis,17 patellar fracture,18 heterotropic ossification,19,20

stiffness,21,22 nerve damage,11,23 vascular injuries,11,14,24,25 urinary 
complications,11,12 and even death for some.26-28 In addition, risk
for complication in an older patient due to the delay in TKR is
dependent on individual patient factors. The most common
adverse events that occur with hylan G-F 20 are local knee pain
and/or swelling, which have occurred in 2.2% of injections or in
7.2% of patients treated with hylan G-F 20.45 We have reported a
similar low incidence of local adverse events from the same
database of this report (1.2% of injections, 5.2% of patients).52

If local knee pain and swelling do occur with hylan G-F 20, it is
transient and clinically manageable53 and is less serious than most
of the surgical complications listed above. No serious systemic
adverse events have been observed with hylan G-F 20 in clinical
trials.45

With the estimated increase in the ≥65-year-old population
with OA in years to come, strategies that would help alleviate
the economic burden of OA, including TKR, would be 
appropriate for providers and policymakers. Given that TKRs
are the primary cost drivers for OA of the knee, cost savings to
any plan would be a function of delaying or avoiding the 
number of TKRs in their covered patients.40 With its ability 
to delay TKR, use of hylan G-F 20 therapy has the potential to
reduce costs for OA knee treatment for not only surgery but
revision surgery. A theoretical managed care model with a large
Medicare population developed to evaluate the potential savings
associated with incorporating hylan G-F 20 into the standard
treatment regimen for OA knee pain demonstrated cost savings.40

In this hypothetical cohort of 100,000 patients (3,835 with
mild, moderate, or severe OA of the knee) followed for 3 years, 
significant cost savings were predicted with the use of hylan 
G-F 20.40 This cost savings was primarily due to the predicted
808 TKRs that could be avoided with hylan G-F 20 therapy.40

Over this 3-year period, a total cost savings of $8,810,771 was
reported for the plan, with a total cost savings of $4,706 per
patient receiving hylan G-F 20.40

The results of this theoretical model in conjunction with the
clinical reports above38,39 and our clinical experience reported
here support significant cost savings with hylan G-F 20 for the
OA knee patient as well as for insurance and managed care
plans. On the basis of the current cost of hylan G-F 20 ($852,
including 3 injections with arthroscopy and 1 office visit (in
accordance with Medicare reimbursement policy), we calculated
that 1,978 courses of hylan G-F 20 given to 1,187 knees resulted
in an average cost of $1,419.76 per knee to delay TKR by a
median of 2.1 years, the median time of all knees to either TKR
or time of last observation.

Proportion of Patients Without Total
Knee Replacement (TKR) for All Knees

FIGURE 1

Candidates for TKR entering our practice who are not appropriate for hylan 
G-F 20 typically undergo surgery within 3 months.

Proportion of Patients Without Total
Knee Replacement (TKR) for Knees, 
by Patient-Age Group

FIGURE 2

Numbers in the legend indicate age (years).
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Limitations
First, the current study is limited as a retrospective review.
Second, since this is a review of a database of only patients who
were treated with hylan G-F 20, there is no control group.
Without a control group, the effect of the injection itself as well
as other patient factors (medical or otherwise) could not be 
controlled. Candidates for TKR who enter our practice and are
not treated with hylan G-F 20 because they are not good 
candidates for the therapy typically undergo surgery within 
3 months. This patient group would be the closest comparison
to a control group in our practice. In addition to the fact that
these patients are different from those treated with hylan G-F 20
because they are not good hylan G-F 20 candidates, there are
other reasons patients may delay surgery (e.g., patient choice,
office scheduling). However, our typical patients who require a
TKR (without hylan G-F 20 therapy and having surgery within
3 months) are a realistic comparison given all other factors.
Furthermore, many of the patients were satisfied enough with
therapy that they pursued more than 1 course of hylan G-F 20
treatment. Our interpretation of the data presented here is 
that hylan G-F 20 therapy may reduce the OA of the knee of
TKR candidates enough to delay surgery. We found that 
this delay was approximately 2 years following hylan G-F 20
treatment.

Third, in the present study, hylan G-F 20 was administered
using a fluoroscopic technique that confirms accurate needle 
placement in the joint. Fluoroscopy is one of a number of 
measures that can be used to ensure proper placement of hylan
G-F 20 in the intra-articular joint space and is on the same 
level of standard of care as joint aspiration. Without using 
fluoroscopy, there may be a higher chance of inaccurate needle
placement, which is thought to be a cause for local pain 
and swelling following injection. Practices that do not use 
fluoroscopy to administer hylan G-F 20 may have results that
differ from our study.

Fourth, this report is also limited by the lack of knowledge
of patient outcome with regard to TKR after the time patients
were treated and seen in our office. Including these patients in
the calculation for treatment and follow-up time, we found the
time of TKR delay was at least 2.2 years. Although the number
of patients lost to follow-up (34%), likely because of normal
attrition, was quite high, eliminating these patients from the
analysis would introduce more bias into the study. To address
the lack of knowing patient outcome with regard to TKR in
these patients, we calculated their time of hylan G-F 20 treat-
ment and follow-up based on their last office visit or last 
telephone contact. We found their time of treatment and follow-
up to be at least 1 year. So despite not knowing their outcome
after our last contact with those patients, we found their surgery
was still delayed past the 3-month timing it takes for the typical
patient requiring a TKR to undergo the procedure in our prac-
tice. The strengths of this study lie in the high patient number

(1,187 knees of 863 patients) and the length of the observation
period that spanned 6 years.

■■ Conclusion
This study suggests that hylan G-F 20 can delay patient need for
TKR in a population of OA knee patients with advanced disease.
The ability of hylan G-F 20 to delay TKR is advantageous 
for patients for whom TKR is not medically appropriate or for
patients who do not want or who fear surgery. In select patients,
delaying TKR will also reduce the risk of any potential compli-
cations that may accompany the procedure. As long as TKR 
candidates can maintain a functional lifestyle and good quality
of life with an alternative therapy, delaying TKR is beneficial.
Further implications may be made with regard to cost savings
for patients, policymakers, and managed care and insurance
plans.
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