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Abstract

Background A dramatic increase in the demand for TKA
is expected. The current burden of revision TKA is well
known but the incidence and etiology of nonrevision
reoperations after primary TKA is not.
Questions/purposes We determined the rate, reason,
timing, and predictors of nonrevision reoperation after
TKA.

Methods Using our institutional joint arthroplasty data-
base, we identified 10,188 TKA performed on 7,613 patients
between April 2000 and March 2008. A nonrevision reop-
eration was defined as any procedure requiring anesthetic in
which components with bony interfaces were not removed or
exchanged. Procedures after revision TKA were excluded.
Potential risk factors investigated included age, gender, lat-
erality, and simultaneous bilateral versus staged bilateral
versus unilateral TKA. The minimum followup was 1 year
(median, 4.1 years; range, 1.1 to 9.1 years).

Results Three hundred fifty-three patients of 7,613
(4.6%) underwent 434 nonrevision reoperations on 384 of
10,188 (3.8%) knees. The most common indication for
nonrevision reoperation was stiffness (58%; 252 of 434),
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followed by patellar clunk (12%; 53), infection (12%; 52),
wound revision (6%; 26), hematoma (4.4%; 19), among
others. The median time to reoperation was 74.5 days
(range, 1-3058 days) but varied widely. Younger patients
and those with unilateral TKA were more likely to have a
nonrevision reoperation.

Conclusions The majority of nonrevision reoperations are
performed for stiffness. Patellar clunk and infection also
result in a large number of nonrevision reoperations. In
weighing the future economic and workforce burden of
TKA, nonrevision reoperations need to be acknowledged,
and preventive measures need to be implemented.

Level of Evidence Level II, prognostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

The future demand for TKA is projected to increase sub-
stantially over the next few years [10]. Coupled with these
projections, the demand for TKA is expected to increase in
the face of a decreasing joint surgeon population [5].
Despite adequate survivorship and high functional out-
comes, complications after TKA can and do occur, leading
to delayed discharge, readmission, reoperation, and revi-
sion of the prosthesis. To fully understand the current and
future burden of TKA, it is necessary to establish the
incidence of orthopaedic complications resulting in any
additional treatment.

Second to revisions, reoperations in which the prosthesis
is retained may create a large burden on the orthopaedic
society. Reoperations may include manipulation under
anesthesia (MUA), irrigation and débridement (I&D),
arthroscopy, open reduction internal fixation (ORIF),
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Table 1. Published rate of individual NRR after TKA

Publication Indication

Reoperation Current study

Dajani et al. [1] Patellar Clunk
Fukunaga et al. [2]

Hozack et al. [4]

Ip et al. [6]

Koh et al. [9]

Lonner et al. [12]

Kim J et al. [7] Stiffness
Mauerhan et al. [14]

Parvizi et al. [21]

Rubinstein and DeHaan [25]

Kurtz et al. [11] Infection

Webb et al. [29]

15/21546 (0.06%)
5/121 (4.9%)

3 (Case Report)
1/80 (1.25%)

12 (Case Report)
6/150 (4.0%)
13/1000 (1.3%)
81/745 (10.9%)
112/10000 (1.2%)
37/800 (4.6%)
1080/69663 (1.6%)
12/483 (2.5%)

49/10188 (0.5%)

238/10188 (2.3%)

48/10188 (0.5%)

NRR = nonrevision reoperation; TKA = total knee arthroplasty.

and others. While incidences of individual complications
requiring such reoperations have been reported [1, 2, 4, 6,
7,9, 11, 12, 14, 21, 25, 29] (Table 1), the comprehensive
profile of indications for nonrevision reoperation (NRR)
following primary TKA is unreported. Knowledge of the
incidence, indication, timing, and predictors of NRR will
allow for an efficient use of resources in targeting the most
common causes for reoperation, continuing research in
preventing these complications, and identifying patients at
the greatest risk so preventative measures may be taken.

This study was undertaken to identify (1) the incidence
of NRR after primary TKA; (2) the indications for NRR;
(3) the timing of such procedures after primary TKA; and
(4) demographic and/or surgical risk factors predisposing
for NRR.

Patients and Methods

We retrospectively identified from our institutional joint
arthroplasty registry 7613 patients who underwent 10,188
primary TKAs from April 2000 to March 2008. Procedure
type in the registry is stored by Current Procedural Ter-
minology (CPT) codes. Registry data also contain date of
birth, gender, laterality, and date of surgery. A NRR was
defined as any procedure requiring a minimum of regional
anesthesia without the resection or exchange of compo-
nents in contact with a bony interface (femoral, tibial, or
patellar components) in which primary TKA was the index
arthroplasty. We used 75 CPT codes associated with NRR,
including MUA, revision of one component, 1&D,
arthroscopy, ORIF, arthrotomy, fasciotomy, wound revi-
sion, decompression, and closed reduction under
anesthesia, to query the registry and identify those patients
undergoing a NRR. Sixty-five of the CPT codes returned

Table 2. CPT codes, with associated procedure descriptions,
identifying nonrevision reoperations after TKA

CPT Procedure

code

10060  Incision and drainage abscess, simple/single

10180  Incision and drainage complex postoperative wound
infection

12021 Treatment superficial wound dehiscence with packing

13160 Secondary closure wound dehiscence, extensive

27244  Open treatment inter/per/subtrochanteric fracture

27301 Incise/drain abscess/hematoma thigh/knee

27310 Arthrotomy with exploration, knee

27506  Open treatment femoral shaft fracture with implant

27507  Open treatment femoral shaft fracture with plate-screws

27570  Manipulate knee joint, general anesthesia

27894  Decompression fasciotomy, anterior-lateral-posterior
compartments

29874  Knee arthroscopy/remove loose body

29875  Knee arthroscopy/synovectomy, limited

29876  Knee arthroscopy/synovectomy, major, 2 components

29877 Knee arthroscopy/débridement/chondroplasty

27486  Revision of TKA, with or without allograft, I component

CPT = current procedural terminology.

patients, but only 15 of them (Table 2) provided patients
who underwent NRR with primary TKA as the index knee
arthroplasty. Medical records were reviewed to confirm the
registry data for the NRR patients. This study evaluated the
incidence of NRR after primary TKA only and patients
undergoing revision TKA were excluded. We required a
minimum 1-year followup for patients who had surgery
(median, 4.1 years; range, 1.1 to 9.1 years). Institutional
Review Board approval was acquired before initiation of
this research.
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Indication for reoperation, laterality, components
exchanged, attending surgeon, age, gender, unilateral ver-
sus bilateral, date of arthroplasty, and date of reoperation
were collected from the preoperative dictations, operative
report, and postoperative course from the medical records.
Indications were categorized into stiffness, patellar clunk,
infection, hematoma, delayed wound healing, periprosthetic
fracture, compartment syndrome, synovitis, osteophytes,
loose body, patellofemoral impingement, and poor patellar
tracking. For reporting of results, “other” refers to the latter
five indications.

Time to reoperation was the difference between the
confirmed dates of surgery for primary TKA to NRR.
Median days to reoperation are reported to provide a more
accurate representation of the distribution of the timing of
NRR. The incidence of NRR is reported as a function of
days to reoperation as well.

To assess age and gender as predisposing factors for
NRR, two cohorts were formed from the primary TKA
population: those patients included in the NRR incidence
analysis (NRR group) and all others (control group). Age
was calculated from the date of first primary TKA per-
formed at our institution. The patients had an average age
of 65 years and 4849 of 7613 (64%) were female
(Table 3). To assess the timing of multiple arthroplasties
and laterality as a predisposing factor for NRR, we com-
pared rate of NRR per side and for simultaneous bilateral,
staged bilateral or unilateral TKA. A bilateral TKA was
considered staged if both knees were replaced on different
days within 3 months of each other. Forty-eight of 7613
(0.6%) patients had 96 of 10,188 (0.9%) knees replaced in
a staged bilateral fashion, 1887 (25%) patients had
3774 (37%) knees replaced bilaterally in one stage, and
5678 (75%) patients had 6318 (62%) knees replaced uni-
laterally. Patients undergoing simultaneous bilateral TKA
(63.2 years; 95% CI: 62.9-63.5) were younger than
patients undergoing both staged bilateral (66.8 years; 95%
CI: 64.8-68.8) and unilateral (66.2 years; 95% CI:
65.9-66.4) TKA (p = 0.0073 and p < 0.001, respectively).
In total, 5178 (51%) TKAs were on the right knee and 5010
(49%) were on the left knee.

Descriptive statistics were utilized to portray the inci-
dence of reoperation, time to reoperation, and proportions
of each indication. In order to assess any surgical or
demographic variations between the NRR group and con-
trol group, univariate statistics were used. Differences were
assessed in the NRR and control groups for age, gender,
and unilateral versus bilateral TKA. Differences in the
continuous variable (age), were assessed with the Student’s
t-test. Differences in categorical variables (gender and
number of joints), were assessed with Chi-square test.
Ninety-five percent confidence intervals (CI) were calcu-
lated with an alpha level of 0.05.

@ Springer

Results

Three hundred and fifty-three (4.6%; 353/7613) patients
underwent a reoperation in which the original components
were maintained. These 353 patients had a NRR on 384 of
10,188 (3.8%) knees and underwent a total of 434 proce-
dures. The burden of NRR per primary TKA is 4.3% (434/
10,188).

Stiffness was the most common indication for NRR and
was responsible for 252 procedures (58% of all NRRs) on
238 knees and 218 patients (Fig. 1). All but five of the
procedures for stiffness were MUA. Of the remaining five
procedures, four occurred due to an inability to manipulate
the knee and resulted in an open synovectomy and
exchange of the polyethylene liner, and the last was an
arthroscopic synovectomy. Patellar clunk (12.2%) and
infection (12.0%) provided the second and third most
common indications for reoperation, respectively (Fig. 1).
Fifty arthroscopic and three open débridements of para-
patellar fibrotic tissue were performed to treat patellar
clunk in 49 knees and 44 patients. One arthroscopic and
51 open 1&Ds were performed to treat infection in 48 knees
and 45 patients. The remaining indications for reoperation
(reported with proportion of NRRs and number of knees)
included 26 wound revisions (6%; 24 knees), 19 hematoma
evacuations (4.4%; 18 knees), 15 ORIFs for periprosthetic
fractures (3.5%; 14 knees), 11 fasciotomies for compart-
ment syndromes (2.5%; four knees), two synovectomies for
synovitis (0.5%; two knees), and one procedure each for
removal of osteophytes, removal of loose bodies, relief of
patellofemoral impingement, and correction of poor
patellar tracking (0.23%).

The median time to NRR was 75 days (range,
1-3058 days), with 84% performed within the first post-
operative year (Fig.2). The median time to NRR for
stiffness was 63 days, with 69% performed within the first
3 postoperative months and 97% performed within the first
year. The median time to NRR was 527 days for patellar
clunk, 137 days for infection, 46 days for wound, 14 days
for hematoma, and 198 days for periprosthetic fracture.

The incidence of NRR was similar (p = 0.98) between
women and men: 4.6% (225 of 4849) and 4.6% (128 of
2764), respectively. The average age of patients was lower
(p < 0.001) in the NRR group (60 years; 95% CI,
59.3-61.5 years) than in the control group (66 years; 95%
CI, 65.5-65.9 years). More than 3% (61 of 1887) of
patients had NRR on 86 of 3747 (2.3%) knees after
simultaneous bilateral TKA. One patient (2%; 1 of 48) had
NRR on a single knee (1%; 1 of 96) after staged bilateral
TKA. After unilateral TKA, 291 of 5678 (5.1%) patients
had NRR on 297 of 6318 (4.7%) knees. Knees replaced
independently had a greater (p < 0.001) likelihood of
having a NRR than simultaneous bilateral knees.
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Compartment

2.5% Other

1.4%

PPFx

Infection

12.0%

Arthrofibrosis
58.1%

Fig. 1 A pie chart illustrates the proportion of indications for all
NRRs. PPFx = periprosthetic fracture.

The reoperation rate was similar (p = 0.07) for right and
left TKA: 4% (207 of 5178) and 3.5% (177 of 5010),
respectively.

Sufficient incidences of NRR after staged bilateral TKA
did not exist to compare the reoperation rates in this group
to simultaneous bilateral or unilateral TKA.

Discussion

In 2005, approximately 523,000 TKAs were performed
nationally [5]. Separately, the American Academy of
Orthopaedic Surgeons (AAOS) and Kurtz et al. [10] have
provided projections for the future demand of TKA. In
2002, the AAOS had suggested an annual replacement load
of 474,000 by the year 2030. In 2007, Kurtz et al. [10]
described an annual demand of 3.5 million by 2030. While
these projections vary widely, they both suggest a strong
increase in demand for TKA. In conjunction with this
demand increase, the number of adult reconstruction sur-
geons is decreasing [5]. As the demand for TKA increases,
so will the resulting complications necessitating further
treatment. To better understand the future technological
and economic burden of TKA, we investigated the rate and
reason of NRR after primary TKA. Further, the timing of
multiple TKAs, laterality, age, and gender were explored as
potential risk factors for NRR.

We recognize limitations to our study. First, our study
was retrospective, and analysis of data has the potential of
being less accurate. The dataset used for this analysis does

@ Springer

not track those patients who sought treatment for a com-
plication at another institution. Second, the minimum
1-year followup is likely too short since 84% of NRRs
were performed within the first postoperative year.
Therefore, it is expected the incidence of NRR reported
here is an underestimate. Third, from the provided dataset,
a complete assessment of risk factors for NRR is not
possible. Comparison between simultaneous bilateral and
unilateral TKA is not conclusive since the selection
parameters for performing simultaneous bilateral versus
unilateral TKA were unknown. An accurate rate of NRR
after staged bilateral TKA cannot be reported due to the
low volume of patients undergoing this procedure. Pre-
senting comorbidities, indication for TKA, operative time,
component type, and other surgical variables are necessary
in making a complete assessment of risk factors.

Based on our data, 3.8% of replaced knees will require
an average 1.12 NRR as the primary surgical treatment
after TKA. Moreover, 4.6% of patients undergoing TKA
will require a NRR. Currently, the annual number of
revision TKA is 7.3% the burden of primary TKA [5] with
a reported revision rate of 2.8% within the first five years
[19]. By 2030, due to a decreased age, increased body
mass, and increased activity in the TKA patient population,
the burden of revision TKA is expected to rise to 7.7% of
primary TKA. A similar increase in the burden of NRR can
be expected due to the same factors.

The most common indication for reoperation was stiff-
ness, but also included were patellar clunk, infection,
improper wound closure, hematoma, periprosthetic frac-
ture, compartment syndrome, and others. The incidence of
MUA has been reported as 1.3% to 13.5% [7, 14, 25, 30].
Our analysis provides an incidence of 2.3% of knees hav-
ing a NRR for stiffness. Reported incidence of patellar
clunk syndrome after TKA varies widely (0%—13.3%) and
depends upon femoral component design [1, 2, 4, 6, 9, 12].
The incidence reported here (0.5%) suggests an improve-
ment in component design and technique. Although the
overall rate of reoperation for patellar clunk was lower than
most studies, we suspect patellar clunk would not have
been the second most common indication for reoperation
had we not earlier used a prosthesis (Proven Knee from
StelKast) that was posterior cruciate substituting with a
large box. Early models of similar implants have been
associated with a high incidence of patellofemoral prob-
lems [4]. Several reports suggest arthroscopic débridement
for patellar clunk alleviates the patient’s symptoms [1, 28].
The incidence of NRR for infection was 48/10188 (0.5%)
and infection is a devastating complication. NRR is typi-
cally only the first treatment method for acute
postoperative, acute hematogenous, and/or superficial
infections. Kurtz et al. [11] reported the incidence of
infection in the Medicare population as 2%, 1.5% within
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Fig. 2A-B Graphs show the rate 5 -
of NRR as a function of time
from primary TKA separated by fotal
(A) indication and (B) bilateral
versus unilateral primary TKA. [ 2~ e Arthrofibrosis
g === Patellar Clunk
S
[ = |nfection
S
]
c
el H - - — Wound
%’ 0.5 I m==z= pom -
=3 $
<] : = — — Hematoma
a H =
[ i
H ." — Periprosthetic Fracture
0.25 !
- _,;'" _______________________ —— Compartment Syndrome
.l o~
‘_r"}?- - - - - Oth
L == === Other
o H=dTT . . . : .
0 500 1000 1500 2000 2500 3000
A Delay to Reoperation (days)
6 5
5 — Unilateral
§ .
-
6
c 31
o R S T —— --- Simultaneous Bilateral
= I o —- gt
o 21
o i
]
ll
@
'] 4
i
] T T T T T 1
0 500 1000 1500 2000 2500 3000
B Delay to Reoperation (days)

the first 2 postoperative years and 0.5% in 2 to 10 post-
operative years. More than 80% of the procedures for
infection in this study were performed in the first 2 post-
operative years. A logarithmic increase in procedures for
infection was seen that does not plateau until 5 years
(Fig. 1). In the literature, the reported success of I&D in
eradicating infections is 16% to 80% and is heavily
dependent upon the timing of presentation [3, 16, 20, 27].
Infection remains a difficult complication to treat and will
provide a large treatment burden for the knee arthroplasty
population both through NRR and revision TKA.

A younger age predicted a patient will have a NRR after
primary TKA. Among the multiple indications for NRR,
patients with stiffness were the youngest. One report

suggests young age predicts stiffness after TKA [21].
Knees replaced as part of a simultaneous bilateral
arthroplasty were less likely to have a NRR. Similarly,
patients undergoing simultaneous bilateral TKA were less
likely to undergo a NRR. Malinzak et al. [13] reported
bilateral knees replaced simultaneously are less likely to
develop infection than unilateral arthroplasties. Ritter et al.
[24] were unable to detect differences of prosthetic survival
at 10 years and patient mortality at 3 months in patients
undergoing simultaneous bilateral TKA. The -current
findings, like others reported [13, 24], are likely the result
of a selection bias for simultaneous bilateral arthroplasty
in healthier, younger patients. Moreover, this institu-
tion regimented discharge to inpatient rehabilitation for

@ Springer
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simultaneous bilateral arthroplasty while many unilateral
arthroplasty patients were discharged home. This super-
vised rehabilitation may explain the lower rate of MUA
among the simultaneous bilateral patients who were
younger and therefore at greater risk of developing stiff-
ness [21]. Simultaneous bilateral arthroplasty remains a
controversial procedure, with conflicting reports [8, 15, 17,
18, 2224, 26, 31]. Our results do little to resolve this issue;
however, the knowledge of decreased risk of NRR is
interesting. Gender and laterality did not predict NRR.

The incidence of NRR after primary TKA at this insti-
tution is 3.8%. The burden of revision for primary TKA has
been reported as 7.3% [5]. This study reports the burden of
NRR for primary TKA as 4.3% (434 of 10,188). Gener-
alizing these results to the entire TKA population, the
combined reoperation burden is approximately 12% of
primary arthroplasty surgery. As it is expected that the
absolute incidence of revision will increase, it should be
expected that the absolute incidence of NRR will increase.
This will pose a substantial burden on the dwindling adult
reconstruction orthopaedic community. Further research is
needed to truly identify those patients at high-risk for
complications leading to NRR. Those findings in con-
junction with technological improvement will minimize
orthopaedic complications, specifically stiffness, patellar
clunk, and infection, requiring reoperations.
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