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Risk of Subsequent Knee
Arthroplasty After Sports
Medicine Procedures

Abstract

Introduction: Approximately 10%ofmenand13%ofwomenolder than the

age of 60 are affected by symptomatic osteoarthritis of the knee. Anatomic

repair or reconstruction after knee injury has been a central tenet of surgical

treatment to reduce the risk of osteoarthritis. The purpose of this study was to

examine common sports medicine procedures of the knee and determine the

proportionofpatientswhosubsequentlyundergo total kneearthroplasty (TKA).

Methods: TheMarketScandatabasewasqueried fromtheperiodof January

2007 through December 2016. Patients were identified, who underwent a

procedure of the knee, as defined by Current Procedural Terminology codes

relating to nonarthroplasty procedures of the knee. Patients in whom laterality

could not be confirmed or underwent another ipsilateral knee procedure

before TKAwere excluded from this study. The primary outcome of this study

was the overall rate of TKA after index knee surgery. Time from index

procedure to TKA was a secondary outcome. A multivariate regression

analysis was used to control for covariates such as age, sex, and comorbidity

status.

Results: A total of 843,749 patients underwent one of the 13 common sports

medicine procedures of the knee. The procedure with the highest unadjusted

rate of subsequent TKA was arthroscopic osteochondral allograft (5.81%),

whereas anterior cruciate ligament (ACL) reconstruction with meniscus repair

demonstrated the lowest rate of subsequent TKA (0.01%). When adjusting for

confounding factors, the regression analysis identified meniscal transplantation

(odds ratio [OR] = 3.06, P , 0.0001) as having the highest risk of subsequent

TKA, followed by osteochondral autograft (OR = 1.74, P = 0.0424) and

arthroscopic osteochondral allograft (OR = 1.49, P , 0.0001). ACL

reconstruction with meniscus repair (OR = 0.02, P , 0.0001), ACL

reconstruction alone (OR = 0.17, P , 0.0001), ACL with meniscectomy (OR =

0.20, P, 0.0001), and meniscal repair (OR = 0.65, P, 0.0001) had the lowest

rate of subsequent TKA. ACL reconstruction with meniscus repair had the

longest period from index procedure to TKA at 2827 days.

Conclusion: ACL reconstruction and meniscus preservation

demonstrated an extremely low rate of conversion to TKA when compared

with patients who needed salvage interventions such as meniscus and

cartilage transplantation. None of the salvage interventions delayed the

need for a TKA. Meniscal transplantation had the highest risk of all

procedures of going on to a TKA.
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In the United States, it is estimated
that 10% of men and 13% of

women older than the age of 60
are affected by symptomatic osteo-
arthritis (OA) of the knee.1 The inci-
dence of OA will likely continue to
increase because of an aging pop-
ulation and prevalence of obesity.1

The initiation of arthritis is most
commonly because of mechanical
insult, leading to damage of the intra-
articular structures of the knee, such
as the hyaline cartilage or menisci.2,3

In some patients, these events result
in a continual low-grade inflamma-
tory degenerative process within the
joint, which over many years may
lead to frank arthritis. Owing to the
limited or avascular nature of the
menisci and hyaline cartilage, these
structures have very poor regenera-
tive potential. Damage to these
structures leads to increased force on
the remaining cartilage in the joint,
resulting in further damage.4

Anatomic repair or reconstruction
of native knee anatomy is a central
tenet of sports medicine. Restoring or
preserving the normal anatomy of the
knee leads to restoration of function
but can also return knee biomechan-
ics to the intact state.5-9 This in turn
can reduce loading and sheer forces
on the hyaline cartilage.10,11 Many
surgeries were done that seek to
restore the normal structure and
function of the knee. In particular,

there has been an increased empha-
sis on meniscal preservation and
anatomic anterior cruciate ligament
(ACL) reconstruction.5,12,13 More
recently, cartilage and meniscus res-
toration procedures—such as autolo-
gous chondrocyte implantation (ACI),
osteochondral autograft, and allo-
graft—and meniscus transplantation
procedures have become more com-
mon. These procedures are typically
done in more complex knee patholo-
gies, particularly when previous sur-
gery has failed. Some practitioners
state that these procedures can reduce
the risk of future arthritis, but limited
data exist to support such a claim.14-18

For patients with knee pain, proce-
dures are available that can help
relieve symptoms.Meniscectomies and
débridement for degenerative meniscal
tears, along with chondroplasty, syn-
ovectomy, and bone marrow stimu-
lating procedures are thought of as
procedures for more short-term relief
of knee symptoms.19 Controversy ex-
ists regarding the efficacy of these
procedures. Some studies have showed
no benefit in functional outcome
scores for these types of procedures
when compared with sham surgery or
physical therapy,20,21 whereas others
have shown some benefit even up to
10 years postoperatively.22-24 Little
data exist regarding the mean period
between joint preserving procedures
and total knee arthroplasty (TKA).

The purpose of this study was to
examine 13 nonarthroplasty proce-
dures of the knee to determine the
proportion of patients who subse-
quently underwent TKA. We hypoth-
esized that patients undergoing ACL
reconstruction and meniscus repairs,
after controlling for age, sex, and co-
morbidities, would have a lower risk
of subsequent TKA versus those
undergoing salvage procedures such
as meniscus transplantation and os-
teochondral allograft.

Methods

Data Source
This study obtained a sample of the
MarketScan Commercial Claims and
Encounters database (Truven Health
Analytics, Ann Arbor, MI) from Janu-
ary 1, 2007, to December 31, 2016.
This is a national database with a col-
lection of commercial inpatient, outpa-
tient, and pharmaceutical claims of
more than 75 million employees, retir-
ees, and dependents representing a
substantial portion of the US pop-
ulationcoveredbyemployer-sponsored
insurance. MarketScan contains 53
million patients’ inpatient records,
40 million with employer-sponsored
insurance, 3.7 million with Medicare
Part B, and 6.8 million on Medicaid
for a total of over 28 billion patient
records. MarketScan databases are
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built from privately insured medical
claims by employers who have estab-
lished contracts with Truven Health.
Approximately 350 insurance payers
exist in this data set. Truven Health
maintains a unique person-level iden-
tifier for each individual and follows
them in a longitudinal manner. The
person-level identifier is consistent
throughout the data set. Owing to
MarketScan’s sourcing from large
employers, its data boast superior
longitudinal tracking of patients.
MarketScan is fully Health Insurance
Portability and Accountability Act
compliant and undergoes periodic re-
viewal to ensure the integrity of the
data. All data from these databases are
de-identified, and thus, these data and
study are exempt from institutional
review board approval in accordance
with the Health Insurance Portability
and Accountability Act of 1996.25 For
this study, primarily the outpatient
services data were used. The Market-
Scan database contains International
Classification of Diseases, Ninth Revi-
sion, Clinical Modification and 10th
revision, Clinical Modification, Cur-
rent Procedural Terminology (CPT),
Diagnosis Related Group codes and
National Drug Codes.

Inclusion Criteria
Records were queried to identify pa-
tients who underwent a primary knee
surgery, defined in this study by the
presence of a CPT code for the follow-
ing non-TKA knee procedures: syno-
vectomy (CPT 29875 or 29876),
chondroplasty (CPT 29877), meniscus
débridement (CPT 29880 or 29881),
microfracture (29879), meniscus
repair (CPT 29882 or 29883), ACL
reconstruction alone, ACL with
meniscectomy, ACL with meniscus
repair, (CPT 29888 with or without
29880, 29881, 29882, or 29883 for
concomitant meniscus procedure),
meniscus transplant (29868), os-
teochondroplasty allograft, open (CPT
27415) osteochondroplasty, autograft

(29866) osteochondroplasty, allograft,
scope (29867), or ACI (CPT 27412).
The index procedure (first knee sur-
gery in the outpatient setting) was used
for the analysis. Patients without lat-
erality indication, undergoing revision
procedures, or who had another ipsi-
lateral knee procedure between index
procedure and TKA were excluded.
Patient level data, such as age, sex, and
comorbidity status were also deter-
mined. In this study, comorbidity sta-
tus was measured by calculating the
Charlson Comorbidity Index (CCI).

Outcomes
The primary outcome of this study
was the overall rate of TKA after
index knee surgery. The records of
MarketScan data were queried to
find the index TKA procedure for
patients who underwent one of the
aforementioned knee surgeries. Pa-
tientswho had the CPT code for TKA
(27446 or 27447) on the ipsilateral
knee after the primary knee surgery
were categorized as subsequent TKA
patients. Days to subsequent knee
surgery (TKA and non-TKA) were
determined by finding the difference
between the date of the index non-
arthroplasty surgery and index TKA.

Analyses
Frequencies of patients undergoing
knee surgeries were tabulated, and
proportions requiring TKA proce-
dures were calculated. Amultivariate
regression analysis was conducted to
control for covariates such as age,
sex, and comorbidity status (in the
formofCCI). Anodds ratio (OR)was
calculated to determine the risk of a
patient who underwent each specific
index procedure of progressing to a
TKA when compared with the entire
cohort, after controlling for, age, sex,
and CCI. Two sample Student t-test,
chi-squared tests, or Fisher exact tests
were used as appropriate. An alpha
level of 0.05 was used to discern
statistical significance. The cohort

was built using the cloud-based
tool Redivis (Redivis), and statistical
analysis was conducted in SAS 9.4
(SAS Institute).

Results

Between 2007 and 2016, a total of
843,749 subjects underwent 13 index
procedures who were chosen for this
study (Table 1). Meniscal débridement
accounted for most operations done in
this cohort. Some of the least common
procedures were meniscal transplant
(0.06%), ACI (0.08%), osteochondral
autograft (0.13%), and open os-
teochondral allograft (0.18%). Iso-
lated ACL reconstruction (28.8),
ACL 1 meniscus repair (24.6), and
meniscal repair (30.1), all had a mean
age of less than or equal to 30 years of
age. Procedures that had subjects
with amean age younger than 40 years
were meniscus débridement, micro-
fracture, arthroscopic osteochondral
allograft (44.2), chondroplasty (42.8),
and synovectomy (40.79).
Of the 843,749 indexprocedures that

were done, 23,127 of the subjects
subsequently had a TKA (2.33%)
(Table 2). The procedure that had the
highest rate of subsequent TKAwas the
arthroscopic osteochondral allograft
(5.81%) (Table 2). Therewere a variety
of mean days to TKA among the var-
ious procedures. The shortest time
between index procedure and TKA
was 61 days. The longest time between
the 2was 3560 days (10 years). ACL1
meniscus repair demonstrated the lon-
gest latency period (time between index
procedure and TKA) at a mean of
2827 days (Table 2). For meniscal
sacrificing and cartilage salvage proce-
dures, the mean time to TKA ranged
from 572 to 975 days.
When adjusting for age, sex and

CCI, meniscal transplantation (OR =
3.06, P , 0.0001) had the highest
risk of subsequent TKA (Table 3).
This was followed by osteochondral
autograft (OR = 1.74, P = 0.0424),
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arthroscopic osteochondral allograft
(OR = 1.49, P , 0.0001), chon-
droplasty (OR = 1.43, P , 0.0001),
microfracture (OR = 1.39, P ,
0.0001), and meniscal débridement
(OR = 1.25, P , 0.0001). ACL 1
meniscus repair (OR = 0.02, P ,
0.0001), isolated ACL reconstruc-

tion (OR = 0.17, P , 0.0001),

ACL 1 meniscectomy (OR = 0.2,

P , 0.0001), and meniscal repair

(OR = 0.65, P , 0.0001) had the

lowest risk of future TKA after

controlling for differences between

groups (Table 3).

Discussion

We found that the overall rate of
subsequent TKA after an index non-
arthroplastyprocedurewas lowat just
over 2%. The highest risk for TKA
conversion was for osteochondral

Table 2

Patients Requiring Subsequent TKA on The Same Knee

Procedure N %
Means

Days to TKA SD Range

ACI 3 0.43 652.3 54.1 602-711

ACL 1 meniscectomy 69 0.16 777.2 500.7 78-2574
ACL 1 meniscus repair 1 0.01 2827.0 n/a n/a

Chondroplasty 2048 2.62 572.0 401 101-3415
Isolated ACL 93 0.11 956.0 738.7 108-3181

Meniscus débridement 16524 2.92 604.0 563.7 61-3560
Meniscus repair 103 0.59 608.5 525.3 90-2846

Meniscus transplant 8 1.49 975.9 583.1 399-1980
Microfracture 1662 2.86 561.6 480 62-3143

Osteochondroplasty, allograft, open 18 1.21 653.2 416 180-1637
Osteochondroplasty, allograft, scope 1102 5.81 577.9 402.8 111-3507
Osteochondroplasty, autograft 14 0.07 627.1 344.8 78-1115

Synovectomy 1482 1.87 579.3 468.5 65-3507

ACI = autologous chondrocyte implantation, ACL = anterior cruciate ligament, TKA = total knee arthroplasty

Table 1

Baseline Demographics of nonTKA Index Procedures

Procedure N %
Age,
Mean

Age,
SD

Age,
Range

Female
Sex, %

CCI,
Mean

ACI 696 0.08 30.2 10.3 12-61 45.6 0.004

ACL 1 meniscectomy 44,421 5.26 31.1 13 3-64 38.2 0.009
ACL 1 meniscus repair 13,327 1.58 24.6 10.5 5-64 42.5 0.003
Chondroplasty 78,120 9.26 42.8 13.5 14-65 57.3 0.028

Isolated ACL 87,998 10.43 28.8 12.2 6-65 45.6 0.005
Meniscus débridement 565,959 67.08 48.9 11.7 13-65 45.7 0.033

Meniscus repair 17,341 2.06 30.1 14.7 4-65 39.5 0.013
Meniscus transplant 537 0.06 27 10.5 8-65 49.5 0.011

Microfracture 58,076 6.88 44.6 13.1 7-65 49.1 0.031
Osteochondroplasty, allograft, open 1490 0.18 31.3 12 9-65 40.3 0.011

Osteochondroplasty, allograft, scope 45,271 5.37 44.2 14.1 4-65 51.6 0.033
Osteochondroplasty, autograft 1062 0.13 31.2 13.1 10-65 41.7 0.022

Synovectomy 79,445 9.42 40.79 15.3 5-65 53.8 0.029

ACI = autologous chondrocyte implantation, ACL = anterior cruciate ligament, CCI = Charlson Comorbidity Index, TKA = total knee arthroplasty
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allograft and meniscus transplant pro-
cedures. The rates ofTKA, even in these
salvage procedures, remained low
however. The lowest rate of subsequent
TKA was for ACL reconstruction with
meniscus repair. Procedures such as
microfracture, meniscectomy, and syn-
ovectomy demonstrated the lowest
average number of days between index
procedure and TKA. These data high-
light the importanceofpreservationand
restoration of native anatomy and bio-
mechanics of the knee through recon-
struction and repair to prevent early
OA. These data also highlight that of
the débridement or cartilage/meniscus
reconstructive procedures (synovec-
tomy, chondroplasty, meniscectomy,
osteochondral allograft and autograft,
and meniscal transplantation), no sin-
gle procedure reduced the risk of
subsequently undergoing a TKA. Indi-
cation and choice of salvage/palliative
procedure should be based on clinical
symptoms and not the desire to delay
the need for a TKA.26-28

For those procedures with a low risk
of subsequent TKA, the ACL recon-
struction with the meniscus repair

group was the most protective (OR =
0.02). This supports previous findings
that reconstruction of the ACL and
preservation of meniscus tissue is
important in the reduction and/or
prevention of cartilage damage.10,11

The importance ofmeniscus repair is in
keepingwith past literature.8,9 Johnson
et al found that at almost 11 years after
isolated meniscus repair, minimal joint
changes were seen in only 8% of his
patients on the surgical knee with 3%
of patients having changes also on
the contralateral side. He evaluated
radiographs and found joint changes in
69% of his patients after a menis-
cectomy was done.8,29 Sommerlath
et al also found better functional out-
comes in patients with meniscal repairs
versus meniscectomy.30 The meniscus
is an important structure because it acts
to increase the congruency of the
tibiofemoral joint to help transmit load
seen in the joint and decreases the stress
on the articular cartilage.31 It also helps
to preserve the cartilage by providing
rotational stability and lubrication and
nutrition to the articular cartilage.32,33

Consistent with the importance of
the meniscus in joint preservation, we
found that among ACL patients, those
undergoing meniscectomy in conjunc-
tion with ACL reconstruction had the
greatest risk of subsequent TKA. This
was followed, in order of decreasing
risk of TKA, by isolated ACL recon-
struction andACL reconstructionwith
meniscus repair. Furthermore, a recent
investigation reported a 3.62 relative
risk of OA of the knee after an ACL
reconstruction knee when compared
with the uninjured knee.5 A 4.89 rel-
ative risk, however, was seen with
ACL deficient knees treated without
reconstruction. The study’s conclusion
was that an ACL injury increases the
risk for OA, but ACL reconstruction
can slightly decrease the risk of going
on to OA when compared with con-
servative treatment.5

Meniscus transplantation had the
greatest risk for subsequent TKA in
our study population, with nearly
1.5% of patients continuing on to
TKA. Given that these procedures are
often done in salvage and revision ca-
ses, often with cartilage degeneration,

Table 3

Risk for Subsequent TKA

Variable

Adjusted ORs

OR 95% CI P

Meniscus transplant 3.06 1.38-5.83 ,0.0001
Osteochondroplasty, autograft 1.74 0.97-2.86 0.0424

Osteochondroplasty, allograft, scope 1.49 1.32-1.67 ,0.0001
Osteochondroplasty, allograft, open 1.48 0.89-2.31 0.1013

Chondroplasty 1.43 1.35-1.51 ,0.0001
Microfracture 1.39 1.31-1.47 ,0.0001

Meniscus débridement 1.25 1.19-1.32 ,0.0001
Synovectomy 0.72 0.65-0.80 ,0.0001

Meniscus repair 0.65 0.54-0.79 ,0.0001
ACI 0.58 0.14-1.51 0.3517

ACL reconstruction 1 meniscectomy 0.20 0.16-0.26 ,0.0001
Isolated ACL reconstruction 0.17 0.13-0.20 ,0.0001
ACL reconstruction 1 meniscus repair 0.02 0.00-0.09 ,0.0001

ACI = autologous chondrocyte implantation, ACL = anterior cruciate ligament, CI = confidence interval, OR = odds ratio, TKA = total knee
arthroplasty
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the rate of TKA conversion over the
study timeframe is relatively low. Me-
niscal transplantations were first
done in 1984 and since then, the
chondroprotective nature of the proce-
dure has always been debated.34 In
theory, preservation of meniscal tissue
through a cadaveric allograft would
have the same chondroprotective ben-
efits as native meniscal tissue. Recent
systematic reviews have investigated
whether the procedure may play a
role in decreasing the progression of
OA.35,36 These investigations con-
cluded that there may be evidence that
it may protect against future cartilage
damage but does not stop the overall
degenerative process of healthy carti-
lage. Furthermore, meniscus trans-
plantation is a technically demanding
procedure, with restoration of native
knee biomechanics closely related to
proper surgical technique in allograft
sizing, root placement, and meniscus
attachment.37-39

Other than meniscus transplant,
procedures that had the highest mean
age at index procedure also had the
highest rate of subsequent TKA—
arthroscopic osteochondral allograft,
meniscal débridement, microfracture,
chondroplasty, and synovectomy.
Apart from osteochondral allograft
procedure, most of these are proce-
dures that are often used as palliative
procedures for patients with some
degenerative change of the knee who
have failed conservative treatment. In
this study, these five procedures also
had the lowest average number
of days before receiving a subsequent
TKA (range: 561-604 days). This
suggests the likelihood that many of
these procedures do not alter the
natural history of OA of the knee or
the eventual need for a TKA.
When controlling for age, sex, and

comorbidities, the only procedure
among those with the oldest average
age to have a negative correlation
with subsequent TKA was the syno-
vectomy group (OR = 0.72). This
may be for a multitude of reasons. Of

the procedures, this is the only pro-
cedure that does not deal with the
meniscus or cartilage pathology, so it
is conceivable that patients in this
cohort had a milder disease. How-
ever, synovectomy had a similar OR
to the meniscal repair group (OR =
0.65). It is possible that synovectomy
might have a similar effect. It is now
also known that OA likely is caused
by low grade inflammation.32,40 OA
may be propagated by inflamma-
tory mediators released by cartilage,
subchondral bone, and the syno-
vium.32,40,41 A synovectomy may
play a vital role in dampening the
inflammatory response in the knee
joint and delaying the degenerative
process. More studies should be done
looking at procedures specifically ad-
dressing inflammation around the
cartilage to determine whether it has
the similar protective effects.
As with all investigation, limi-

tations exist. The results of this study
are dependent on the data included in
the database, and this leads to the
possibility that not all patients who
underwent TKA are captured in the
database. This is also a retrospective
database study, and it could not
qualitatively measure the extent of
degeneration or injury of the knee at
the time of the index procedure and at
the time of the arthroplasty proce-
dure. It also could not assess the sur-
geon’s technical skills, surgeon
volume, surgical techniques, graft
type, cartilage graft viability, trans-
plantation techniques, amount of
OA or malalignment, any iatrogenic
injury during the initial procedure,
or patient’s adherence to postoper-
ative protocols, activity limitations,
or concomitant knee diagnosis that
may not have been diagnosed or
warrant a procedure. In addition, in
this study, TKA is considered the end
time point and represents, in theory,
severe OA. However, many factors
exist that may cofound who gets a
TKA and when. This is an elective
procedure, and factors such as

patient preference, surgeon’s indica-
tion, and insurance status cannot be
controlled for.

Conclusions

ACL reconstruction and meniscus pres-
ervation demonstrated an extremely
low rate of conversion to TKA when
compared with patients who needed
salvage interventions such as meniscus
and cartilage transplantation. Although
the rates for salvage procedures such as
meniscus and cartilage transplanta-
tion were increased versus other non-
arthroplasty procedures, the overall
rate of subsequent TKA conversion re-
mained low.
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