
Original Article
From the
Valhalla, N
Wake Forest
olina, U.S.A
University M
and Departm
tem, Charlot

The autho
funding: N.H
Medical, Zim
is a paid pre
Nephew, Tri
paid consulta
board or com
Medicine and
Rates and Risk Factors of Revision Arthroscopy or
Conversion to Total Knee Arthroplasty Within 1 Year

Following Isolated Meniscectomy
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Purpose: To identify the rates of and risk factors for revision arthroscopy and conversion to total knee arthroplasty (TKA)
within 1 year of isolated meniscectomy. Methods: Humana and Medicare national insurance databases were queried for
patients who underwent isolated meniscectomy. Patients who underwent revision arthroscopy or TKA within 1 year
postoperatively were identified by International Classification of Diseases Procedural Codes, Ninth Revision, and Current
Procedural Terminology codes. Multivariate binomial logistic regression analysis was used to identify risk factors, and
adjusted odds ratios (ORs) and 95% confidence intervals (Cis) were calculated, with P < .05 considered significant.
Results: A total of 13,142 patients and 407,888 patients underwent isolated meniscectomy in the Humana and Medicare
databases, respectively. Of the patients, 395 (3.01%) and 3,770 patients (0.92%) underwent revision arthroscopy, and
629 patients (4.79%) and 38,630 patients (9.47%) underwent TKA within 1 year of meniscectomy in the Humana and
Medicare databases, respectively. Obesity (Humana: OR ¼ 1.33, P ¼ 0.003; Medicare: OR ¼ 1.10, P < 0.001) and age < 20
years (Humana: OR ¼ 2.64, P ¼ 0.022), 20-29 years (Humana: OR ¼ 3.30, P ¼ 0.002), 40-49 years (Humana: OR ¼ 3.80,
P < 0.001), 50-59 years (Humana: OR ¼ 1.99, P ¼ 0.027), and < 64 years (Medicare: OR ¼ 1.74, P < 0.001) were risk
factors for revision arthroscopy. Obesity (Humana: OR ¼ 1.64, P < 0.001; Medicare: OR ¼ 1.37, P < 0.001), morbid
obesity (Medicare: OR ¼ 1.20, P < 0.001), age 70-74 (Medicare: OR ¼ 1.12, P < 0.001), 75-79 (Medicare: OR ¼ 1.25, P <
0.001), 80-84 (Medicare: OR ¼ 1.20, P < 0.001), and concomitant osteoarthritis (Humana: OR ¼ 1.42, P < 0.001;
Medicare: OR ¼ 1.46, P < 0.001) were risk factors for conversion to TKA. Conclusions: Medicare and Humana databases
showed that 0.92%-3.01% and 4.79%-9.47% of patients undergo revision arthroscopy or conversion to TKA within a
year of isolated meniscectomy. Obesity was a risk factor for early revision arthroscopy and conversion to TKA, whereas
concomitant osteoarthritis was a risk factor for conversion to TKA. Level of Evidence: Level III, retrospective
comparative trial.
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Table 1. CPT and ICD 9/10 Codes

Procedure CPT Codes

Meniscectomy 29880, 29881
Chondroplasty 29877, 29879
Total knee arthroplasty 27447, 815.4 (ICD-9 Procedural

Code)
Diagnosis ICD-9/ICD-10 Codes
Meniscal tear 836.1, 836.0, 717.5, 717.49, 717.43,

717.42, 717.41, 717.40, 717.14,
717.3, 717.2, 717.1, 717.0,
S83.289, S83.279, S83.269,
S83.259, S83.249, S83.239,
S83.229, S83.219, S83.209,
S83.205, S83.202

CPT, Current Procedural Terminology; ICD-9, International Classi-
fication of Disease, Ninth Revision; ICD-10, International Classifica-
tion of Disease, Tenth Revision.
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Arthroscopic partial meniscectomy may provide
patients pain relief and return to a preinjury level of
function.8

Despite focused indications for managing meniscal
injuries as well as advancements of arthroscopic
meniscectomy, the efficacy of the procedure in
certain patient populations continues to remain
debatable.9 Several randomized controlled trials have
shown that meniscectomy provides functional out-
comes equivalent to sham surgery or physical ther-
apy.10-17 These investigations demonstrate that
arthroscopic partial meniscectomy for degenerative
tears with concomitant osteoarthritis provide no sta-
tistically significant improvement in patient-reported
outcome measures in comparison to physical ther-
apy or sham surgery. However, these randomized
controlled trials possess several important limitations,
such as the lack of patients with mechanical symp-
toms and high rates of crossover to the meniscectomy
group. Furthermore, heterogeneous patient pop-
ulations may have led to a nonsignificant difference
in patient-reported outcome measures. Despite this,
arthroscopic partial meniscectomy continues to
remain a treatment option in meniscal pathology
with adequate outcomes.5,7,18-22

The incidence of total knee arthroplasty (TKA) due to
end-stage osteoarthritis is disproportionately increasing
in younger patients.23,24 Furthermore, previous
meniscectomy is an independent predictor of dissatis-
faction following TKA.25 Because of the morbidity
associated with multiple operations, it is imperative to
identify the rate and risk factors associated with early
reoperation or conversion to TKA.
The purpose of this investigation was to identify the

rates and risk factors of revision arthroscopy and
conversion to TKA within 1 year of isolated menis-
cectomy. We hypothesize that (1) there is a higher
incidence of early conversion to TKA than to revision
arthroscopy; (2) younger age and obesity are risk
factors for revision arthroscopy; and (3) older age,
obesity and concomitant osteoarthritis are risk factors
for conversion to TKA.

Methods

Database
This was a retrospective review of the Humana and

Medicare patient data within the PearlDiver Patient
Records Database (PearlDiver, Fort Wayne, IN). The
Humana data set contains approximately 20 million
patients from 2007 through the second quarter of 2017,
whereas the Medicare database includes 55 million
insured patients from 2005 through 2014 and is from
the 100% Standard Analytic Files. The accessed data
represent procedures and diagnoses that were billed to
the insurance company by the provider during that
period. The PearlDiver database contains information
regarding patient demographics, hospitalization details,
diagnoses, procedures, and reimbursement. All data can
be accessed with International Classification of Dis-
eases, Ninth Revision (ICD-9) Procedural Codes,
International Classification of Diseases, Tenth Revision
(ICD-10) Procedural Codes, as well as Current Proce-
dural Terminology (CPT) codes. All information in this
database is deidentified and anonymous; therefore, this
investigation was exempt from institutional review
board approval.

Study Groups
The Humana and Medicare databases were queried

for patients who underwent isolated meniscectomy
(CPT-29880, CPT-29881) with an ICD-9 or ICD-10
diagnosis code of meniscal tear in their record on the
same day of surgery (Table 1). Patients with bilateral
procedures were counted as 2 separate procedures with
laterality modifiers; however, patients with multiple
meniscectomies were counted a single time to avoid
overlapping data. Patients from all age groups were
included. Patients with meniscal repair, concomitant
ligamentous (anterior cruciate ligament, posterior
cruciate ligament, medial collateral ligament, left
collateral ligament, medial patellofemoral ligament)
reconstruction or osteotomy (high tibial osteotomy,
distal femoral osteotomy, triple tibial osteotomy) on the
same day of meniscectomy and patients without a lat-
erality modifier were excluded. Patients undergoing
concomitant chondral procedures were included in this
investigation.

Study Outcomes
Patients undergoing subsequent revision arthroscopy

(29880, 29881, 29877, 29879), or ipsilateral TKA (CPT-
27447, ICD-9 Procedure Code 815.4) within 1 year
after the date of isolated meniscectomy were identified
via CPT or ICD-9 procedural codes (Table 1).
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Statistical Analysis
Patient demographics and comorbidities were queried

by the database and included age, gender, obesity
(30-39 kg/m2), morbid obesity (� 40 kg/m2), diabetes
mellitus, tobacco use, alcohol use, hyperlipidemia,
hypertension, coronary artery disease, chronic lung
disease, chronic liver disease, chronic kidney disease,
thyroid disease, depression, malnutrition, and knee
osteoarthritis. Multivariate binomial logistical regres-
sion analysis was used to identify risk factors for sub-
sequent ipsilateral reoperation or TKA within 1 year of
the index isolated meniscectomy while controlling for
knee osteoarthritis and all the aforementioned
demographics and comorbidities. Odds ratios were
calculated with 95% confidence intervals, and P < 0.05
was considered statistically significant for all statistical
comparisons.

Results

Humana Database
A total of 122,161 patients who underwent a

meniscectomy were identified in the database, of whom
106,813 (87.4%) patients contained laterality modifiers
in their medical records. A total of 360 patients (0.34%)
underwent concomitant ligamentous reconstruction or
osteotomy on the day of meniscectomy and were
excluded from the investigation. Of the remaining
group, 13,142 patients (12.3%) who underwent iso-
lated meniscectomy due to a meniscal tear were iden-
tified. Demographic data and medical comorbidities are
provided in Table 2. Following isolated meniscectomy,
395 patients (3.01%) underwent revision arthroscopy,
and 629 patients (4.79%) underwent TKA within 1
year of the index procedure.
Patients < 20 years (OR ¼ 2.64, P ¼ 0.022), 20-29

years (OR ¼ 3.30, P ¼ 0.002), 40-49 years (OR ¼ 3.80,
P < 0.001), or 50-59 years (OR ¼ 1.99, P ¼ 0.027) of
age at the time of surgery, and obese patients
(OR ¼ 1.33, P ¼ 0.003) had significantly higher rates of
revision arthroscopy within 1 year of the index pro-
cedure, whereas concomitant osteoarthritis (OR ¼ 0.73,
P ¼ 0.003) was associated with a lower risk of revision
arthroscopy within 1 year of the index procedure
(Table 3). Furthermore, tobacco use (OR ¼ 1.35,
P ¼ 0.002), obesity (OR ¼ 1.64, P < 0.001), hyper-
tension (OR ¼ 1.30, P ¼ 0.009), and concomitant
osteoarthritis (OR ¼ 1.42, P < 0.001) were risk factors
for TKA within 1 year of isolated meniscectomy.

Medicare Database
A total of 728,610 patients who underwent a

meniscectomy were identified in the database, of whom
612,281 (84.0%) patients contained a laterality modi-
fier in their medical records. A total of 2,449 patients
(0.40%) underwent concomitant ligamentous repair or
osteotomy on the day of meniscectomy and were
excluded from the investigation. Of the remaining
group, 407,888 patients (66.9%) underwent isolated
meniscectomy due to a meniscal tear. Demographic
data and medical comorbidities are provided in Table 4.
Following isolated meniscectomy, 3,770 patients
(0.92%) underwent revision arthroscopy, whereas
38,630 patients (9.47%) underwent TKA within 1 year
of the index procedure.
Patients < 64 years of age at the time of surgery

(OR ¼ 1.71 P < 0.001) and with obesity (OR ¼ 1.10, P
< 0.001), tobacco use (OR ¼ 1.21, P < 0.001) or
depression (OR ¼ 1.39, P < 0.001) were found to have
risk factors for revision arthroscopy within 1 year of the
index procedure. Concomitant osteoarthritis
(OR ¼ 0.78, P < 0.001), however, was associated with a
lower risk of revision arthroscopy within 1 year of the
index procedure (Table 5). Furthermore, patients 70-74
years (OR ¼ 1.12, P < 0.001), 75-79 years (OR ¼ 1.25,
P < 0.001) or 80-85 years (OR ¼ 1.20, P < 0.001) of age
at the time of surgery and obesity (OR ¼ 1.37,
P < 0.001), morbid obesity (OR ¼ 1.20, P < 0.001) or
concomitant osteoarthritis (OR ¼ 1.46, P < 0.001) were
risk factors for TKA within 1 year of isolated menis-
cectomy. Age < 64 years (OR ¼ 0.69, P < 0.001), age
> 85 years (OR ¼ 0.82, P < 0.001) and diabetes mellitus
(OR ¼ 0.89, P < 0.001) were associated with lower risks
of TKA within 1 year of isolated meniscectomy.

Discussion
The results of the present investigation demonstrate

that 0.92%-3.01% of patients undergo revision
arthroscopy, whereas 4.79%-9.47% of patients un-
dergo TKA within 1 year following isolated meniscec-
tomy. Obesity was an independent risk factor for early-
revision arthroscopy and conversion to TKA. Patients
younger than 60 years (except 30-39 years) in the
Humana database and those younger than 64 in the
Medicare database had higher risk of revision arthros-
copy. Within the Medicare database, patients older than
70 years had an increased risk of conversion to TKA
within 1 year of arthroscopic partial meniscectomy.
Concomitant osteoarthritis was significantly associated
with a lower risk of revision arthroscopy, but it was a
risk factor for conversion to TKA in both databases. The
findings of this investigation highlight variables that
may increase the risk of failure of isolated
meniscectomy.
Obesity (30-39 kg/m2) was a risk factor for both early

revision arthroscopy and conversion to TKA; however,
morbid obesity (� 40 kg/m2) was not a risk factor for
early revision arthroscopy. Physicians may want to
avoid further arthroscopic intervention in morbidly
obese patients because they may experience a higher
rate of complications following knee arthroscopy.26,27

Therefore, revision arthroscopy might not be offered



Table 2. Meniscectomy Group Demographics, Humana
Database

Demographic n %

Female 7,148 54.4
Male 5,994 45.6
Age, years

<20 226 1.7
20-29 297 2.3
30-39 623 4.7
40-49 1,681 12.8
50-59 2,827 21.5
60-69 4,135 31.5
70-79 2,818 21.4
>80 535 4.1

Obesity (30-39 kg/m2) 4,012 30.5
Morbid obesity (� 40 kg/m2) 1,749 13.3
Tobacco use 2,114 16.1
Alcohol abuse 294 2.2
Diabetes mellitus 4,118 31.3
Hyperlipidemia 9,477 72.1
Hypertension 9,204 70.0
Coronary artery disease 3,285 24.9
Chronic kidney disease 1,831 13.9
Chronic liver disease 1,362 10.4
Chronic lung disease 3,249 24.7
Thyroid disease 1,915 14.6
Depression 3,603 27.4
Malnutrition 274 2.1
Osteoarthritis 3,064 23.3
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to patients with morbid obesity due to a theoretical
increased risk of additional complications and failure.
Morbid obesity was a risk factor for conversion to TKA
in the Medicare database but not the Humana database.
This may be due to varying patient demographics and
patient selection in the Medicare and Humana data-
bases. Despite the findings of this investigation, the
effects of obesity on outcomes following meniscectomy
are controversial because there is evidence to suggest
Table 3. Predictive Factors of Revision Arthroscopy or Total Kne

Variable

Revision Arthrosco

Or (95% CI)

Male sex 0.99 (0.84-1.17)
Age, years

<20 2.64 (1.17-6.10)
20-29 3.30 (1.59-7.14)
30-39 1.64 (0.81-3.50)
40-49 3.80 (2.13-7.42)
50-59 1.99 (1.13-3.86)
60-69 1.72 (0.98-3.30)
70-79 1.71-0.98-3.28)
>80 N/A

Obesity (30-39 kg/m2) 1.33 (1.10-1.60)
Morbid obesity (� 40 kg m2) 0.81 (0.62-1.04)
Tobacco use 1.15 (0.93-1.42)
Diabetes mellitus 0.92 (0.75-1.12)
Depression 0.92 (0.76-1.12)
Malnutrition 0.87 (0.42-1.58)
Osteoarthritis 0.73 (0.60-0.90)

NOTE. Boldface indicates statistical significance.
that obesity portends worse outcomes,22,28,29 whereas
some studies illustrate no relationship between obesity
and outcomes.30 Based on the results of this investiga-
tion, obesity is a risk factor for additional surgery
following meniscectomy; however, the decision to
pursue revision arthroscopy or TKA is likely to be
predicated on multiple factors. Nonetheless, physicians
may counsel patients preoperatively that obesity may
contribute to treatment failure, and surgeons may
encourage patients to optimize their body mass indexes
prior to the index procedure. Furthermore, diabetes
and malnutrition were not risk factors for revision
arthroscopy or conversion to TKA. Diabetes has been
associated with being a risk factor for complications
following meniscectomy.31-33 However, evidence that
establishes malnutrition as a risk factor for complica-
tions following arthroscopic meniscectomy is limited.
Patients’ malnourished status may be reflected in their
American Society of Anesthesiologists score, which has
been shown to be a risk factor for complications
following meniscectomy.31-33 The rationale for these
variables’ not being risk factors for additional surgery is
not clearly evident; however, physicians may elect that
patients to optimize their nutritional status and diabetes
prior to further intervention so as to optimize
outcomes.
In this investigation, depression was a risk factor for

revision arthroscopy and conversion to TKA in the
Medicare database, whereas it was a risk factor for
conversion to TKA in the Humana database. The impact
of psychological factors on outcomes following opera-
tive intervention in orthopaedics has been increasingly
investigated. With respect to anterior cruciate ligament
reconstruction, psychological factors lead to a decreased
rate of return to sport and an increased length of time
until return to sport.34 The most commonly cited
e Arthroplasty: Humana Database

py Total Knee Arthroplasty

P Value Or (95% CI) P Value

0.91 0.90 (0.79-1.02) 0.92

0.022 0.00 (0.00-0.00) 0.94
0.002 0.00 (0.00-0.00) 0.93
0.18 0.08 (0.02-0.19) <0.001
<0.001 0.40 (0.27-0.58) <0.001
0.027 0.61 (0.45-0.82) 0.001
0.074 0.99 (0.77-1.32) 0.99
0.081 1.13 (0.87-1.49) 0.37
N/A N/A N/A
0.003 1.64 (1.43-1.87) <0.001
0.11 1.17 (0.99-1.37) 0.058
0.19 1.35 (1.15-1.57) 0.002
0.38 0.79 (0.69-0.90) 0.004
0.42 1.29 (1.13-1.46) <0.001
0.66 0.63 (0.42-0.90) 0.016
0.003 1.42 (1.26-1.61) <0.001



Table 4. Meniscectomy Group Demographics: Medicare
Database

Demographic n %

Female 245,147 60.1
Male 158,162 38.8
Age, years

<64 80,007 19.6
65-69 141,659 34.7
70-74 92,238 22.6
75-79 55,634 13.6
80-84 25,220 6.3
>85 8,817 2.2

Obesity (30-39 kg/m2) 96,513 23.7
Morbid obesity (� 40 kg/m2) 39,318 9.6
Tobacco use 70,330 17.2
Alcohol abuse 11,814 2.9
Diabetes mellitus 148,178 36.3
Hyperlipidemia 310,914 76.2
Hypertension 336,846 82.6
Coronary artery disease 146,224 35.8
Chronic kidney disease 61,160 15.0
Chronic liver disease 28,057 6.9
Chronic lung disease 92,913 22.8
Thyroid disease 338 0.08
Depression 113,343 27.8
Malnutrition 12,420 3.1
Osteoarthritis 85,478 21.0
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reason for the inability to return to sport is the fear of
reinjury.34 Similarly, patients with depression and
other psychological disorders may be fearful of return-
ing to previous activities, and they experience lower
functional improvement following arthroscopic menis-
cectomy. In turn, this may lead to a higher risk of
revision arthroscopy or conversion to TKA due to
continued symptomatology and pain.
Patients younger than 60 years typically were more

likely to undergo early revision arthroscopy, and pa-
tients between the ages of 70 and 84 years in the
Medicare database were more likely to undergo early
Table 5. Predictive Factors of Revision Arthroscopy or Total Kne

Variable

Revision Arthrosco

Or (95% CI)

Male sex 1.02 (0.97-1.07)
Age, years

<64 1.74 (1.42-2.17)
65-69 0.90 (0.73-1.12)
70-74 0.72 (0.58-0.90)
75-79 0.64 (0.52-0.80)
80-84 0.55 (0.43-0.70)
>85 0.48 (0.35-0.65)

Obesity (30-39 kg/m2) 1.10 (1.04-1.16)
Morbid obesity (� 40 kg/m2) 1.01 (0.94-1.09)
Tobacco use 1.21 (1.14-1.28)
Depression 1.39 (1.32-1.47)
Malntrition 1.03 (0.91-1.16)
Diabetes mellitus 0.92 (0.88-0.97)
Osteoarthritis 0.78 (0.73-0.82)

NOTE. Boldface indicates statistical significance.
conversion to TKA. It is important to note that age 30-
39 was not a risk factor for revision arthroscopy in the
Humana database. The authors attribute this result to a
statistical finding and not to a clinical reason. Further-
more, concomitant osteoarthritis was not a risk factor
for early revision arthroscopy, whereas it was a risk
factor for early conversion to TKA. The decision to
pursue revision arthroscopy or TKA is likely to be a
result of both age and osteoarthritis because older age is
related to degree of osteoarthritis.35 Approximately
10% of patients undergoing meniscectomy require a
TKA within 1 year of the initial meniscectomy.36,37

Barnds et al. demonstrated that arthroscopic partial
meniscectomy survived 9 months before patients
received TKA.36 In younger, more active patients with
persistent symptoms following meniscectomy, surgeons
may offer patients revision arthroscopy or other in-
terventions, such as meniscal scaffolds, meniscal allo-
graft transplantation or, in the case of advanced
osteoarthritis, off-loading osteotomies or joint replace-
ment.38 Surgeons may be reluctant to offer TKA to
younger patients because they face the risk of revision
TKA at a younger age as well as the potential for
multiple revision arthroplasties. Additionally, the pro-
portion of meniscectomies performed in patients older
than 50 years of age has decreased over time,39 which
may be due to stringent insurance guidelines and
reimbursement changes.39-41 Physicians and insurers
may not pursue meniscectomy in a patient population
that is likely to have advanced osteoarthritis and may
soon undergo TKA. The presence of chondral injury
predicts worse outcomes following isolated meniscec-
tomy.22 If osteoarthritis was noted at the index pro-
cedure, physicians may be more likely to attribute
persistent pain to the remaining arthritis and are un-
likely to offer patients revision arthroscopy. Instead,
more definitive treatment options such as TKA may be
offered to patients with persistent symptoms.
e Arthroplasty: Medicare Database

py Total Knee Arthroplasty

P Value Or (95% CI) P Value

0.46 0.85 (0.84-0.86) <0.001

<0.001 0.69 (0.64-0.74) <0.001
0.33 1.01 (0.95-1.09) 0.69
0.003 1.12 (1.05-1.20) <0.001

<0.001 1.25 (1.17-1.34) <0.001
<0.001 1.20 (1.12-1.29) <0.001
<0.001 0.82 (0.75-0.89) <0.001
<0.001 1.37 (1.35-1.40) <0.001
0.71 1.20 (1.17-1.23) <0.001

<0.001 1.01 (0.99-1.03) 0.50
<0.001 1.38 (1.36-1.41) <0.001
0.60 0.90 (0.87-0.94) <0.001
0.002 0.89 (0.88-0.91) <0.001

<0.001 1.46 (1.43-1.48) <0.001
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Limitations
The analysis of this investigation must be interpreted

within the context of the study’s limitations. The main
limitation of this study was that the degree of osteoar-
thritis was unknown. Therefore, patients with a small
degree of degenerative changes are included with those
who had severe osteoarthritis. This is a significant
confounding variable in the investigation. The study
used a national database of a single insurer; however,
the quality and accuracy of the data rely on the pro-
cedural coding by physicians. Any miscoding or non-
coding by providers is a potential source of error in
these data. Thus, our reported revision rates may be an
underestimation of the actual rates. Although this
investigation included data from a Medicare database
and Humana database, they may not be representative
of the population of patients undergoing isolated
meniscectomy. Factors that may influence early revi-
sion arthroscopy or conversion to TKA, such as indi-
cation for the procedure, amount of resected meniscus,
laterality (medial or lateral), morphology of tear pattern
(traumatic or degenerative tear), or degree of
concomitant osteoarthritis, were unable to be queried.
Patient factors that may explain revision surgery, such
as level of activity intensity, occupational intensity or
workers’ compensation status were unknown and may
be confounding factors in this investigation. Last,
additional interventions for failed meniscectomy, such
as meniscal scaffolds, meniscal allograft transplantation,
cartilage restoration procedures, or osteotomies, may
have been performed and were not captured and
analyzed. Thus, the rate of reoperation is likely to be
higher than reported in this investigation.

Conclusions
A Medicare and Humana database showed that

0.92%-3.01% and 4.79%-9.47% of patients undergo
revision arthroscopy or conversion to TKA within 1
year of isolated meniscectomy. Obesity was a risk factor
for early revision arthroscopy and conversion to TKA,
whereas concomitant osteoarthritis was a risk factor for
conversion to TKA.
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