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Abstract

Background Although large series from national joint

registries may accurately reflect indications for revision

TKAs, they may lack the granularity to detect the true

incidence and relative importance of such indications,

especially periprosthetic joint infections (PJI).

Questions/purposes Using a combination of individual

chart review supplemented with New Zealand Joint Reg-

istry data, we asked: (1) What is the cumulative incidence

of revision TKA? (2) What are the common indications for

revising a contemporary primary TKA? (3) Do revision

TKA indications differ at various followup times after

primary TKA?

Methods We identified 11,134 primary TKAs performed

between 2000 and 2015 in three tertiary referral hospitals.

The New Zealand Joint Registry and individual patient

chart review were used to identify 357 patients undergoing

subsequent revision surgery or any reoperation for PJI. All

clinical records, radiographs, and laboratory results were

reviewed to identify the primary revision reason. The

cumulative incidence of each revision reason was calcu-

lated using a competing risk estimator.

Results The cumulative incidence for revision TKA at 15

years followup was 6.1% (95% CI, 5.1%–7.1%). The two

most-common revision reasons at 15 years followup were

PJI followed by aseptic loosening. The risk of revision or

reoperation for PJI was 2.0% (95% CI, 1.7%–2.3%) and

aseptic loosening was 1.2% (95% CI, 0.7%–1.6%).

Approximately half of the revision TKAs secondary to PJI

occurred within 2 years of the index TKA (95% CI, 0.8%–

1.2%), whereas half of the revision TKAs secondary to
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aseptic loosening occurred 8 years after the index TKA

(95% CI, 0.4%–0.7%).

Conclusions In this large cohort of patients with com-

prehensive followup of revision procedures, PJI was the

dominant reason for failure during the first 15 years after

primary TKA. Aseptic loosening became more important

with longer followup. Efforts to improve outcome after

primary TKA should focus on these areas, particularly

prevention of PJI.

Level of Evidence Level III, therapeutic study.

Introduction

Demand for primary TKA continues to increase worldwide

[11]. With the aim of improving patient outcomes after

surgery, there is an increasing trend toward publication of

hospital and surgeon-level data for TKAs [8]. Because of

the severe morbidity and costs associated with revision

TKA, we first need to understand when and why we revise

a primary TKA. This enables strategies to reduce the risk

of revision surgery to be developed and prioritized.

Although registry data often have the indication for

revision TKA, interpretation is limited by the lack of stan-

dardized definitions of revision reasons and objective

assessment of radiologic and laboratory parameters [22]. In

addition, one study suggested that registry-recorded indi-

cations for revision TKA are often inaccurate, particularly

regarding periprosthetic joint infections (PJI) [28]. By

contrast, large series of revision TKAs from tertiary referral

centers are able to provide a more-accurate assessment of

revision reasons because standardized definitions can be

used. However, such studies lack information regarding the

original primary TKA population, and consequently, the

true incidence and relative frequency of each indication

remain unknown [21, 24]. In addition, the original primary

TKA in such studies often was performed in the distant past

and may not reflect revision indications for a contemporary

primary TKA [6, 20].

Using combined data from the New Zealand Joint

Registry and individual patient chart review, we aimed to

answer the following questions: (1) What is the cumulative

incidence of revision TKA? (2) What are the common

indications for revising contemporary primary TKAs? (3)

Do revision TKA indications differ at various followups

after primary TKA?

Materials and Methods

We performed a multicenter, retrospective study of all

11,134 primary TKAs done at three tertiary hospitals

(North Shore Hospital, Auckland City Hospital, and

Middlemore Hospital, Auckland, New Zealand) from Jan-

uary 1, 2000, to December 31, 2015. Inclusion criteria were

revision TKA during which one or more components was

exchanged, removed, manipulated, or added surgically or

any reoperation resulting from PJI as defined by the

Musculoskeletal Infection Society (MSIS) criteria [9, 17].

Exclusion criteria were unicompartmental knee

arthroplasty, constrained TKA including hinged and non-

hinged designs, and any tumor prosthesis.

Three hundred fifty-seven patients undergoing subse-

quent revision surgery or reoperation secondary to PJI were

identified using a combination of individual search of

patient records at each tertiary hospital, supplemented and

verified with New Zealand National Joint Registry data

which additionally identified revisions performed at insti-

tutions outside the three study hospitals.

The New Zealand Joint Registry’s most recent compli-

ance audit in 2015 showed a capture rate of greater than

95% [16]. All patients were identified using a unique

patient identifier (National Health Index) used in the New

Zealand health system. Approval from all three district

health boards and health and disability ethics committees

was obtained. Local hospital data were used to confirm the

New Zealand Joint Registry data and to identify patients

who underwent revision surgery but were not captured by

the registry. If the revision surgery or reoperation was

performed at an institution outside the three primary study

hospitals, consent was obtained to collect clinical and

radiographic data to ensure complete data capture.

All patients received appropriate clinical assessment and

medical examination before revision TKA. Clinical find-

ings, laboratory investigation, radiologic data, and

operation notes were assessed using a standardized written

protocol, and a primary indication for revision TKA was

determined independently by two authors (CKK and SR).

Disagreements were resolved by consensus in conjunction

with a third author (SWY). Where more than one revision

reason was thought to contribute, the cause that was con-

sidered most important in the decision for the revision

procedure was listed as the primary reason.

The revision reason was divided into one of nine cate-

gories as defined by Vince [26]: (1) PJI; (2) aseptic

loosening; (3) patellofemoral arthrosis; (4) arthrofibrosis or

stiffness; (5) tibiofemoral instability; (6) periprosthetic

fracture; (7) patella maltracking; (8) polyethylene wear; or

(9) extensor mechanism deficiency.

PJI was defined based on the MSIS definition [9, 17].

Aseptic loosening was defined as documented radiographic

migration of components larger than 2 mm, progressive

radiolucent lines greater than 2 mm, or an intraoperative

finding of loose components [27]. If component loosening

was present, aseptic loosening was recorded as the primary

cause of revision and, if present, polyethylene wear,
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osteolysis, failure of ingrowth in uncemented implants, and

bone collapse causing malalignment were considered sec-

ondary or predisposing factors [3]. Technetium bone and

CT scans also were reviewed to confirm periprosthetic

lucency or increased tracer uptake.

Patients with patellofemoral arthrosis underwent clin-

ical and radiographic examinations (Merchant or patella

skyline view) confirming evidence of chondral loss and

osteophyte formation before secondary patellar

resurfacing.

Arthrofibrosis was defined as a flexion contracture of

15� and/or less than 75� flexion and was considered the

primary cause of failure in patients with a stiff but other-

wise functional TKA when all other mechanisms were

excluded [14, 26].

Primary tibiofemoral instability was considered if

investigations excluded aseptic loosening, polyethylene

wear, extensor mechanism disruption, PJI, and fracture.

Physician office and hospital records were reviewed for

clinical documentation of symptomatic instability and

examination findings of varus or valgus laxity with the

knee assessed at 0� and 30� flexion and/or instability in

flexion were considered to assist with diagnosis

[13, 25].

Extensor mechanism deficiency included patella and/or

quadriceps tendon discontinuity and transverse patella

fracture [26]. Patella maltracking or dislocation was

defined as symptomatic subluxation and/or dislocation of

the patella from the trochlear groove [26].

Polyethylene wear was listed as the primary cause if

there was macroscopic evidence of wear and/or delami-

nation on the surface of the polyethylene liner without

signs of aseptic loosening [26] or other revision reasons.

Malalignment in the coronal, sagittal, or rotational

planes was recorded when present, but was considered a

secondary cause of revision rather than one of the nine

primary reasons for revision TKA. This follows the ratio-

nale of Vince [26], which argues that while malrotation

and/or malalignment contribute to revision indications such

as patellar instability or arthrofibrosis, they are not classi-

fied as indications.

Patient Demographics and Characteristics

A total of 11,134 primary TKAs in 8830 patients met the

inclusion criteria. The patients had a mean age of 69 years

(range, 18-98 years) (Table 1). The most-common indica-

tion for primary TKA was osteoarthritis (96%). Median

followup was 5 years (range, 1-16 years). During the study

period, 1368 patients died (1653 TKAs). The mortality rate

was 9% at 5 years, 28% at 10 years, and 52% at 15 years

after the index operation (Table 2).

Statistical Analysis

A competing risk estimator that copes with simultaneous

risk of different revision indications while accounting for

mortality was used to calculate the incidence for each

revision TKA reason. The Kaplan-Meier method was used

to calculate mortality rate as it was the method being used

by the New Zealand Joint Registry for survivorship. The

competing risk method was described by Fine and Gray [7]

to cope with censoring subjects who experienced failure

because of other causes instead of causes of interest. The

other causes, which are referred to as competing events, are

mutually exclusive to the event of interest. The competing

risk method will estimate the event probability adjusted for

other causes and was reported to have a higher accuracy in

assessing cumulative incidence compared with the tradi-

tional Kaplan-Meier method [18].

Outputs from the competing risk method sum to 100%

when including all competing events and all event-free

probability. Cumulative incidences of different revision

TKA reasons at different years of followup along with their

95% CIs were calculated using statistics software R version

3.3.2 (R Foundation for Statistical Computing, Vienna,

Austria) [4].

Results

Of the 11,134 primary TKAs, 357 underwent revision or

reoperation, with a 15-year incidence of 6%. Cumulative

incidence for revision TKA was 1.2% at 1 year, 1.9% at 2

years, 3.1% at 5 years, 4.4% at 10 years, and 6.1% at 15

years after the index primary TKA (Table 2). The annual

incidence for revision was highest during the first 3 years,

and after 4 years, the annual risk of revision ranged from

0.1% to 0.3% per year.

The five most-common reasons for revision were (1)

PJI; (2) aseptic loosening; (3) patellofemoral arthrosis; (4)

instability; and (5) stiffness or arthrofibrosis (Fig. 1). There

were 169 revision TKAs or reoperations performed owing

to PJIs. Eighteen patients had culture-negative PJIs and

three who had reoperation TKAs did not have component

exchange (two had arthroscopic lavage and one with a

monoblock tibial component underwent open débridement

and lavage without component exchange). The cumulative

incidence for PJI was 0.8% at 1 year, 1% at 2 years, 1.5%

at 5 years, and 2% at 15 years after the index operation

(Table 3). Fifty-two revision TKAs were performed owing

to aseptic loosening. There were 6276 unresurfaced patel-

lae from the original cohort of 11,134 primary TKAs.

Forty-nine underwent secondary patella resurfacing owing

to patellofemoral arthrosis. Thirty-two revisions were

performed for instability and 18 for stiffness or
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arthrofibrosis, with an incidence of 0.4% and 0.2%,

respectively (Fig. 1). The overall prevalence for the

remaining four revision TKA categories was (1) nine

polyethylene wear; (2) eight periprosthetic fracture; (3)

seven patella maltracking; and (4) three extensor mecha-

nism disruption (Table 3).

The timing of revision or reoperation varied by indica-

tion. Aseptic loosening and polyethylene wear combined

were the primary causes for revision 8 years after the index

surgery (Fig. 2). The annual incidence of PJI was highest

during the first 4 years after primary TKA, with aseptic

loosening and polyethylene wear becoming the most

important indications after 8 years. The cumulative inci-

dence for secondary patella resurfacing was highest during

the first 5 years after primary TKA (0.5%) (Table 3).

Revision secondary to stiffness tended to present early with

all 18 revisions performed within 4 years of the index

surgery (Appendix 1. Supplemental material is available

with the online version of CORR1)

Discussion

Revision surgery after TKA has long been used as the main

outcome endpoint by joint registries worldwide

[1, 10, 15, 23]. However, such registries lack clinical and

radiologic data, making accurate analysis of revision

indications difficult. Additionally, some studies show reg-

istry capture of certain revision indications is poor [12, 28].

In the current study, we combined local hospital data with

national joint registry data to provide more-complete fol-

lowup of patients who have undergone TKA during a long

period and to allow accurate clinical and radiographic

analyses of these indications. In contrast to registry find-

ings and previous reports from tertiary revision centers, we

found PJI to be the dominant mechanism of revision or

reoperation during the first 15 years after primary TKA

[15, 19, 21].

There are numerous limitations to our study. First,

although the national registry allowed capture of patients

Table 1. Demographics for primary and revision TKAs

Demographic Primary TKA (n = 11,134) Revision TKA (n = 357)

Age at surgery (SD) 69 (9.7) 65* (9.7)

BMI (kg/m2; SD, total number recorded) 33 (6.88; 3040) 33 (7.23; 75)

Male (%) 4792 (43%) 163 (46%)

Indication for primary TKA

Osteoarthritis 10,648 331

Rheumatoid arthritis 329 20

Other inflammatory arthritis 48 4

Fracture 50 2

Other 59 0

Mean skin to skin time (minutes; range, total number recorded) 93 (25–402; 10,402)

ASA score

1 529 (6%)

2 5232 (60%)

3 2862 (33%)

4 53 (0.6%)

Total number of ASA scores recorded (number) 8676

Primary surgery details

Patella resurfaced 4858 (43.6%)

Cemented TKA 10,624 (95.4%)

Hybrid TKA 499 (4.5%)

Uncemented TKA 11 (0.1%)

Cruciate-retaining knee 7880

Posterior-substituting knee 2278

Hospital

A 4527 (40.7%) 121 (2.7%�)

B 4897 (44.0%) 183 (3.7%�)

C 1710 (15.3%) 53 (3.1%�)

*Age at the time of revision; �revision rate per hospital; ASA = American Society of Anesthesiologists
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who had moved to other cities or had revision surgery at

outside institutions, any patient receiving revision surgery

overseas would not be captured. Additionally, revision

surgery is a rather crude endpoint and any patient who

declined revision surgery or who was unable to undergo

surgery for medical reasons likewise would not be cap-

tured. However, to our knowledge, the combined use of

national health patient identifiers and joint registry data to

achieve clinical followup of all identified TKA failures is

unique, particularly for such a large number of patients

across a 15-year period. Second, although we included

revision TKAs involving addition or exchange of one or

more components, we also recorded any reoperation

attributable to confirmed PJI. Although this will tend to

increase the relative importance of PJI as a failure mech-

anism, only three of 169 patients with PJI did not undergo

some form of component exchange (ie, revision surgery).

Third, there are no universally accepted criteria to define

revision indications [2, 16]. We attempted to mitigate this

by using the method described by Vince [26], applying

standardized criteria to define each mode of failure as

objectively as possible. Clinical records, including labora-

tory investigation, radiographic data, and clinical notes

assessed by the reviewers (CKK, SR, and SWY), also were

used to identify primary revision reason. However, we

acknowledge the subjective nature of identifying the pri-

mary revision reason in some cases, as some indications for

revision may overlap. One potential criticism of our

method is that with our criteria, malalignment was con-

sidered a secondary cause of revision, rather than one of

the nine primary revision indications. However, we feel the

approach used in our study is more robust than that of

national joint registries, which vary widely, with theT
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number of recorded indications ranging from eight to 33

across national registries [16]. In addition, registries typi-

cally have no defined criteria for PJI [15]. Using the

consensus criteria established by the MSIS, we identified

18 patients with culture-negative PJIs and three who had

PJIs but were treated operatively without component

exchange. Revision indication in such patients would

almost certainly be incorrectly identified by registry data

capture mechanisms.

The cumulative incidence of revision was 6.1% at 15

years followup and half of these revisions occurred within

3 years of the index primary TKA. This is consistent with

the findings from New Zealand Joint Registry data with an

overall revision rate of 6.3% at 15 years followup [15]. PJI

was the dominant mechanism of failure, accounting for

47% of revision or reoperation TKAs, with a PJI incidence

of 1.0% at 2 years and 2.0% at 15 years. The second most-

common mechanism was aseptic loosening with a 15-year

incidence of 1.2%, accounting overall for 15% of all

revision TKAs. This contrasts with previous studies from

tertiary referral centers, which reported aseptic loosening to

be the most-common cause. Thiele et al. [24] and Sharkey

et al. [21] reported aseptic loosening contributed to 39.9%

and 21.8% of their revisions, respectively. Similarly,

Fehring et al. [6] and Dalury et al. [5] reported 27% and

23.1% of their revisions were secondary to aseptic loos-

ening, respectively. Such reports likely underestimate the

importance of PJI as a failure mechanism owing to their

status as referral centers. Treatment of patients with PJI

often is performed acutely without time for transfer from a

primary institution. Patients with more-complex revisions

such as massive osteolysis or extensor mechanism disrup-

tion also are more likely to be referred, potentially

increasing the relative prevalence of these mechanisms at

referral centers. Additionally, such reports include revi-

sions of implants placed more than 15 years ago. Although

this will emphasize failure mechanisms, such as aseptic

loosening, which become more common at long-term fol-

lowup, it may not reflect failure mechanisms of more-

modern prostheses. For example, Sharkey et al. [21]

reported 41% of patients were referred from outside insti-

tutions, and time to revision ranged from 1 day to 30 years.

Thiele et al. [24] reported a substantial number of revision

TKAs in their study were performed in patients who were

referred from outer regions and with incomplete baseline

information, and 16% of their patients had index surgery

performed before 2000. Similarly, Fehring et al. [6]

reported revision TKAs performed between 1986 and

1999, and most of the patients were from referral areas. In

our study, the availability of a known denominator of

patients undergoing primary TKA enabled us to calculate

the incidence for each revision reason, allowing more-ac-

curate analysis of the relative importance of each

mechanism.

National joint registries from Australia, United King-

dom, Sweden, and New Zealand all show aseptic loosening

to be the most-common failure mechanism after primary

TKA but capture of revision surgery resulting from infec-

tion often is poor [10, 15, 23, 28]. Lindgren et al. [12]

reported a capture rate of 67% by the Swedish Hip

Arthroplasty Register for reoperation resulting from PJI

after THA. Zhu et al. [28] reported the New Zealand Joint

Registry was 63% accurate in detecting reoperations for

PJI (in hip and knee arthroplasties) when compared with

data from the International Classification of Diseases, 9th

and 10th editions, revision codes. This is consistent with

findings of our study, which show a 76% capture rate for

revision TKA resulting from PJI. There are some potential

reasons for this. First, in our study, many revisions for PJI

were performed in an acute setting, where different staffing

may compromise reporting protocols to national registries

[12]. Second, registry data sheets typically are collected at

the time of revision surgery, before culture results are

available, and such data sheets do not apply standardized

definitions of PJI such as the MSIS criteria used in our

study. The importance given to aseptic loosening as a

failure mechanism in national registries and revision TKA

series is reflected in technologic efforts to improve the

outcome of primary TKA; our study suggests future efforts

also should place similar emphasis on reducing PJI.

Secondary patella resurfacing for patellofemoral

arthrosis was the third most-common reason for revision,

accounting for 14% of all revision TKAs, with a 15-year

incidence of 0.7%. The New Zealand Joint Registry

reported secondary patella resurfacing constituted 24% of

all revisions, a higher percentage compared with other

registries [1, 15, 23]. This reflects our primary cohort,
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which had a high number of unsurfaced patella, because

this failure mechanism can only occur in this setting.

As expected, the indications for revision or reoperation

change with time after surgery. We found the highest

incidence of PJI occurred during the first 2 years after

primary TKA (1.0%), and after 5 years, the annual inci-

dence was less than 0.2% per year. Some studies report

infection as the primary cause for early failure, contribut-

ing to 18% to 27% of early revisions [6, 19, 21, 24]. After 8

years, we found aseptic loosening and polyethylene wear

became the primary modes of failure and their incidence

continued to increase. Aseptic loosening as a mode of

failure therefore remains particularly relevant for younger

patients, who can be expected to need 15 years of longevity

or longer after their TKA.

We found PJI to be the dominant failuremechanism during

the first 15 years after modern TKA. Aseptic loosening inci-

dence increases markedly after 8 years and remains an

important cause of failure, particularly in younger patients.

Efforts to improve outcome after primary TKA should focus

on these areas, particularly prevention of PJI.
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