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A B S T R A C T

Publication of 2 (negative) randomized clinical trials (RCTs) in 2002 and 2008 demonstrating inefficacy of
arthroscopic debridement of the knee (ADK) for osteoarthritis, and a 2004 national non-coverage Medicare
determination, have decreased overall ADK utilization. However, because of potentially favorable outcomes
associated with high volume, surgeons performing high arthroscopy volume may be slower to abandon per-
forming ADK than would low volume surgeons. We examined the trends in ADKs performed by high and low
volume surgeons before and after these 2 trials and the Medicare determination. New York state residents 40
years and older undergoing outpatient ADK from 1997 to 2010 were identified from a statewide database, and
monthly population-based age and sex-adjusted ADK rates were calculated. We estimated the change in utili-
zation trends over time, stratified by surgeon annual arthroscopy volume, for Medicare and non-Medicare pa-
tients. 1386 surgeons performed 29,658 ADKs during the study period, with the proportion performed by high
volume surgeons increasing from 22% in 1997 to 66% in 2010. Overall monthly ADK rates declined from 2.4 to
1.3 per 100,000 population (45%) over the study period. Rates of ADK performed by high volume surgeons
increased after the first RCT in the non-Medicare population and after the CMS decision in the Medicare po-
pulation, and decreased after the second RCT. With more definitive evidence from the second negative trial, high
volume surgeons performed less ADKs, suggesting that multiple RCTs with consistently negative results are
needed to change practice of high volume surgeons.

1. Introduction

Knee arthroscopy is widely performed in the United States [1], yet
its utility in knee osteoarthritis (OA) patients has been challenged.
Since 2002, two randomized clinical trials (RCTs) have shown no ad-
ditional benefit to arthroscopic debridement over nonsurgical man-
agement in patients with moderate to severe knee OA [2,3]. Studies of
arthroscopic debridement trends over this period revealed a slow de-
cline in use of this procedure since the late 1990s that was accelerated
after the trials were published, indicating that these studies may have
led to a reduction in the rate of this procedure in patients with ad-
vanced knee OA [4].

To date, however, little is known about the impact of these RCTs on
physicians with varying surgical volumes. The volume-outcome litera-
ture suggests that high volume surgeons have better outcomes than low
volume surgeons [5–11]. This may make high volume surgeons more
resistant to changing their practice based on one RCT that shows in-
effectiveness of a procedure they perform in high volume, especially if

these findings come from a single trial. However, the issuance of a
national non-coverage determination by the Centers for Medicare and
Medicaid Services (CMS) following the first RCT [3] may be more likely
to affect equally the practices of high and low volume surgeons.

In this study, we studied trends of arthroscopic debridement from
1997 to 2010 by surgeon volume before and after publication of the
first 2 trials (Moseley et al. 2002 and Kirkley et al. 2008) in the non-
Medicare population. We additionally examined the effect of the CMS
reimbursement decision in 2004 in the Medicare population. We hy-
pothesized that arthroscopy rates by high volume surgeons decreased
only after the second RCT was published in the non-Medicare popula-
tion and after the CMS decision in the Medicare population.

2. Methods

2.1. Study population

This study used data from the Statewide Planning and Research
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Cooperative System (SPARCS) database from the New York State
Department of Health between 1997 and 2010. SPARCS is a census of
all hospital admissions and ambulatory surgery procedures within the
state [12,13]. Patients undergoing knee arthroscopy were identified
from the inpatient file using the ICD-9-CM 80.26 “knee arthroscopy,
NOS” code in any procedure field (15 fields available) and from the
outpatient file using the CPT4 codes 29866–29884 for “Arthroscopy of
the Knee”. The subset of patients undergoing arthroscopic knee debri-
dement were identified from the outpatient file using CPT code 29877.
Patients were included in our analyses if they were New York State
residents age 40 years or older.

2.2. Analytic plan

We first calculated surgeon arthroscopy volume using all arthro-
scopy procedures performed on the knee for the 12 months prior to the
debridement. Established volume categories for knee arthroscopy have
not been widely established. Therefore, we created 4 vol categories
(< 18/year (lowest), 18–79/year (low), 80–134/year (high), and
135+/year (highest)) based on the distribution of the continuous vo-
lume variable. However, these categories were similar to those reported
elsewhere [14].

To closely estimate the fluctuation in arthroscopic debridement
utilization, we first calculated age- and sex-adjusted arthroscopic deb-
ridement rates for each month during the 14-year period (n = 168
months), based on these counts and adjusted to U.S. standard popula-
tion intercensal estimates of the New York State population 40 years of
age or older, were the main outcome of this study. A piecewise linear
regression function with knots was then estimated to determine whe-
ther observed fluctuations in arthroscopic debridement rates after the
RCTs were statistically significant. The piecewise linear function esti-
mates different slopes for different time periods defined by the knots.
The knots here represent the RCTs and the CMS determination. We
estimated 2 piecewise linear function models. The first model had 2
knots representing the dates for the 2 trials. We estimated this model for
patients younger than 65. The second model, which had 3 knots re-
presenting the dates for the two trials and the CMS reimbursement cut,
was estimated for the 65 and older patients. The second model aimed to
determine the additional effect of CMS reimbursement cut, which does
not apply to the non-Medicare population. Ordinary least square re-
gression was performed on the spline transformed data to assess the
impact of the events of interest. For both older and younger patients, we
estimated slopes by annual volume.

We conducted additional analyses to determine robustness of our
piecewise model results. We restricted our analyses to surgeons who
started their practice before the publication of the first trial to exclude
surgeons whose training may have been affected by the results of the
first trial. We also restricted our analyses to patients with a diagnosis of
osteoarthritis. Statistical analyses were performed using the SAS System
for Windows, version 9.3 (SAS Institute, Cary, NC). The spline analysis
was performed using PROC TRANSREG for spline transformation with
degree = 1. Standard errors were pooled standard errors based on the
splines.

3. Results

Between 1997 and 2010, 1386 surgeons performed 417,379 ar-
throscopy procedures in New York State of which 29,658 were ar-
throscopic debridements of the knee (Table 1). The majority of the
debridement patients were younger than 65 (3278 (11%) were per-
formed on Medicare patients) with a mean patient age of 52 years. Over
the study period, approximately a quarter of the debridements (24.1%)
were performed by surgeons whose annual arthroscopy volume in the
prior year exceeded 135 in New York state over the study period. The
number of procedures performed per year ranged between 1814 and
2520; however, the proportion of debridements performed by high

volume surgeons increased substantially from 11.4% in 1997 to 60.4%
in 2010 (Fig. 1). These proportions were very similar when stratified by
Medicare vs. non-Medicare patients.

Adjusted for age and sex, the overall arthroscopic debridement rate
declined from 2.4 per 100,000 population in 1997 to 1.3 per 100,000
population in 2010, a 45% reduction (Fig. 2a). Upon applying the
piecewise linear regression function to debridement trends in non-
Medicare patients, there was a slow overall decline in debridement rates
before the first trial (Fig. 2a), driven mainly by the decline in rates
among the lowest volume surgeons (Fig. 2b), with steady rates among
higher volume categories (also see Tables 2a and 2b). Between the first
and the second trial, surgeries performed by the highest volume sur-
geons (135+) increased sharply, while arthroscopies performed by the
lower volume categories were still decreasing (Slope values and the
associated significance are available upon request). After the second
trial, however, a decline in rates of surgeries performed by high volume
surgeons was observed.

In Medicare patients, trends were very similar to the non-Medicare
patients before the first trial. However, there were some differences
afterwards. There was an increase in debridement rates by the highest
volume surgeons (135+) as well as by the second highest volume
surgeons (80–134). These increases were observed after the CMS de-
cision, rather than after the first RCT. Rates in both of these categories
(80–134 and 135+) declined after the second trial. Our results did not
change when we restricted our analyses to surgeons who started their
practice before the publication of the first trial or when we restricted
our analyses to patients with a diagnosis of osteoarthritis.

4. Discussion

We examined the effect of published level-one evidence and the
CMS national non-coverage determination on arthroscopic debridement
trends for knee OA for surgeons with different annual arthroscopy vo-
lumes. During this period, the overall rate of arthroscopic debridement
rates declined by 45%, while the proportion of procedures performed
by surgeons with annual volume of 80+ procedures increased from
11.4% in 1997 to 60.4% in 2010 (i.e. after the second RCT). The rate of
procedures performed by high volume surgeons increased after the first
RCT in the non-Medicare patient population, and the CMS decision in
the Medicare patient population, and declined after the second trial.

The overall decline in population-adjusted arthroscopic knee deb-
ridement rates for OA are corroborated by findings from other studies;
however, the volume-specific analysis we conducted in this study

Table 1
Patient and Surgeon characteristics.

Arthroscopic debridement

N Col %

Patient Characteristics N = 29,658
Female gender 16,482 55.6%
Mean age ± sd (years) 52.1 ± 9.2
Charlson Comorbidity Score>1 210 0.7%
Morbid Obesity 358 1.2%
OA diagnosis 8186 27.6%
Insurance status-Medicare 3278 11.1%
Insurance status-Medicaid 972 3.3%
Insurance status-Worker Compensation 4229 14.3%
Insurance status-Private 18,589 62.7%
Insurance status-Other 2585 8.7%

Surgeon Volumea N = 29,658
KA Volume:< 18 3927 13.4%
KA Volume: 18–79 11,587 39.1%
KA Volume: 80–134 6975 23.5%
KA Volume: 135+ 7169 24.1%

a Calculated for the 12 months prior to the index arthroscopy.
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Fig. 1. Proportion of arthroscopic debridement procedures by annual volume category from 1997 to 2010 for non-Medicare (left) and Medicare (right) patients.

Fig. 2. a Non-Medicare (left) and Medicare (right) overall debridement trends. b: Non-Medicare (left) and Medicare (right) debridement trends for surgeons with different arthroscopic
debridement annual volume.
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suggest that surgeons with different volumes may react to the same
study findings differently. There was an increase in debridement pro-
cedures by high volume surgeons after the first RCT despite an overall
decrease in rates. Rates then subsided after the second trial potentially
suggesting delayed de-adoption of debridement by high volume sur-
geons until after the second trial clearly showed debridement ineffec-
tiveness in patients with advanced knee OA. This increase may also
suggest that the shift in surgical practice may have occurred gradually
during this period. The increase in debridement procedures by high
volume surgeons and the shift to these surgeons occurred despite the
CMS reimbursement cut, which may suggest that, in the case of deb-
ridements, surgical practice is more likely to be affected by evidence
than by financial incentives.

It is noteworthy that the overall debridement rates after 2 RCTs
showing ineffectiveness of this procedure did not decline to zero, al-
though the second trial addressed the first trial's limitations and was
more generalizable. Still in 2010 a substantial number of debridements
were done. While including patients in our study who underwent
debridement without a confirmation of knee OA may have contributed
to this non-zero rate, we believe that debridements were still being
done on knee OA patients. These results suggest that the RCTs did not
result in complete de-adoption of debridement, and that surgeons (and
their patients) still saw some utility to performing debridement proce-
dures. High volume surgeons, who performed most of the debridements
after the second RCT, may have developed good acumen, given their
high volumes, for selecting candidates who may derive some benefit
from surgery.

Our findings have a number of implications. First, they demonstrate
the need for multiple negative RCTs to change practice, especially when
the initial RCT findings are controversial. Indeed the first RCT was
criticized for including only VA male patients, and all the surgeries
were performed by one surgeon. However, the paucity of these trials is
in large part due to the difficulty in recruiting patients to surgical trials,
and calls for the need to commission and support these trials by pro-
fessional societies and/or federal funding agencies to arrive at defini-
tive results in a timely manner. In our case, the second trial was pub-
lished 6 years after the first one, and subsequent trials on meniscectomy

in knee osteoarthritis patients appeared 5 years later (in 2013) [15].
Second, the effect of these trials is likely differential on surgeons; this
information should help inform more targeted communication efforts
that professional societies do to publicize important studies. Of note, we
have shown a differential effect by surgeon volume; however, other
surgeon characteristics may also affect their adoption/de-adoption
rates, and this should be explored further.

Our study has a number of strengths and limitations. The study is
the first to examine trends by surgeon volume, and to show that the
surgeon volume may modify the effect of RCTs on surgeon practice. was
conducted over a time period that covered all three events (two RCTs
and one CMS decision) and unlike prior studies quantified the effect of
the CMS decision and second trial by including individual knots for
each of these events. Second, we conducted sensitivity analyses that
confirmed the robustness of the main findings. Limitations of this study
include restriction of the analysis to New York State residents. Although
New York represents a unique cross-section of population areas such as
the densely populated New York City, medium sized cities such as
Syracuse, and suburban, small town, and rural areas, it lies in the
northeast, which has the lowest rate of knee arthroscopy in the US, and
may not be representative of the national patterns of knee arthroscopy
use. The SPARCS database, like all administrative databases, does not
capture important clinical information such as duration of symptoms,
physical exam and imaging findings, and functional outcomes, which
are important in understanding disease severity in these patients. While
our study is examining practice patterns across all surgeons following
the 2 studies; not all surgeons may be aware of the 2 studies, or in a
timely manner. This may not be a concern after the first study because
of the CMS reimbursement changes that surgeons are usually made
aware of; however, it may apply to the second study, which was not
associated with a reimbursement change, but was disseminated by
professional societies. Findings an effect especially after the second
trial, which was not reinforced with a financial incentive, in a group of
whom not all were aware of the trial probably indicates that the ob-
served effect is conservative and will likely be amplified in the sub-
group who are indeed aware of the trial findings. Our choice of 40 years
of age as a minimum age for the study compares well with starting ages

Table 2a
Piecewise linear regression results for trends in non-Medicare patients.

Trend Name Before Moseley et al. After Moseley et al. After Kirkley et al.

Slope (95%CI) Slope (95%CI) Slope (95%CI)

KA overall trend −0.0032 (−0.0057,−0.0008)* 0.0002 (−0.0031,0.0035) −0.0201 (−0.0262,0.0262)**

KA trend by annual KA volume
<18 procedures −0.0006 (−0.0015,0.0002) −0.0025 (−0.0036,−0.0014)** −0.0008 (−0.0029,0.0029)
18–79 procedures −0.0035 (−0.0048,−0.0022)** −0.0018 (−0.0036,−0.0001)* −0.0099 (−0.0131,0.0131)**
80–134 procedures 0.0003 (−0.0009,0.0015) 0.0000 (−0.0016,0.0016) −0.0045 (−0.0075,0.0075)**
135+procedures 0.0006 (−0.0004,0.0016) 0.0045 (0.0032,0.0058)** −0.0049 (−0.0074,0.0074)**

*p<0.05; **p< 0.001.

Table 2b
Piecewise linear regression results for trends in Medicare patients.

Trend Name Before Moseley et al. After Moseley et al. After CMS Decision After Kirkley et al.

Slope (95%CI) Slope (95%CI) Slope (95%CI) Slope (95%CI)

KA overall trend −0.0024 (−0.0030,−0.0018)** 0.0014 (−0.0001,0.0028) −0.0003 (−0.0020,0.0020) −0.0028 (−0.0047,−0.0008)**

KA trend by annual KA volume
<18 procedures −0.0012 (−0.0015,−0.0009)** 0.0002 (−0.0005,0.0009) −0.0004 (−0.0013,0.0013) −0.0001 (−0.0011,0.0009)
18–79 procedures −0.0012 (−0.0016,−0.0008)** 0.0005 (−0.0005,0.0014) −0.0006 (−0.0017,0.0017) −0.0010 (−0.0023,0.0003)
80–134 procedures −0.0001 (−0.0003,0.0002) 0.0007 (0.0002,0.0013)* −0.0001 (−0.0007,0.0007) −0.0014 (−0.0021,−0.0006)**
135+procedures −0.0001 (−0.0004,0.0001) 0.0002 (−0.0004,0.0007) 0.0007 (0.0001,−0.0001)* −0.0002 (−0.0009,0.0004)

*p<0.05; **p< 0.001.
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for NIH funded trials for incidence of knee OA such as the Osteoarthritis
Initiative (age 45) [16]; however, since our inclusion criteria for the
main analysis did not include OA diagnosis because it is not accurately
reported in claims data, we likely have included procedures performed
on non-OA patients. The sensitivity analyses showed that these results
are not likely to change if this information was indeed accurately
captured in claims; however, this is not definitively known. Finally, the
observed trends may have been affected by factors outside of the study
events. The study period witnessed an increase in MRI use that may
have been more accessible to high volume surgeons and improved their
patient selection for these procedures. However, we do not have access
to this information.

5. Conclusion

In conclusion, this study showed for the first time that trends for
arthroscopic knee debridement for OA decreased after the 2 trials and
after the CMS reimbursement cuts. The proportion of these procedures
performed by high volume surgeons increased after the first trial. It also
showed that the number of procedures performed by high volume
surgeons declined after the second trial. These results suggest a delayed
adoption of trial results by high volume surgeons. Thus, efforts to
conduct and disseminate multiple evidence-based studies in con-
troversial areas should be encouraged.
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