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Purpose

Revision surgery is widely recognized as the main performance index for Total Joint
Arthroplasty (TJA). Whereas long-term revision rate is used for measuring implant
durability, “early revision” is still not clearly defined, with timeframes ranging from 3 to
6 months until 2 or even 3 years used in the literature.

Aim of this work is to review the current literature specifically related to “early”
revisions, in order to provide an overview over reasons for early revision surgery.

Methods

Because of lack of definitions, a narrative review approach was chosen. Literature review
of articles published within the last 10 years retrieved 254 articles. After applying
exclusion and inclusion criteria, 55 publications were analysed. An accepted standard for
narrative review was used.

Results

The analysed articles showed a marked heterogeneity in reported timeframes for early
revision, but we found values labelled as “early” between 1 month and 5 years. 3-months
revision rates ranged between 0.5% - 1.5% for total hip arthroplasty (THA), and were
approximately 0.5% for total knee arthroplasty (TKA) for all causes. 5-year revision rates
were between 2% - 4% for THA and between 3% - 5% for TKA for all causes. Furthermore,
we found that the heterogeneity for the applied time definitions in early revisions do not
allow a direct comparison for all-cause revision procedures.

Conclusions

Similarly to long term revision results, there is heterogeneity in short term revision
results. It can be useful to take into account homogenous groups when comparing early
revision outcomes, for example among same reason for revision. Moreover, several paper
contributions suggested a significant dependence on modifiable patient characteristics at
primary procedure.

INTRODUCTION

According to WHO reports, 10% of men and 18% of women
aged over 60 years old have symptomatic osteoarthritis!
and OECD indicators revealed increasing joint replacement
rates of about 22% for hip arthroplasty and of about 35% for
knee replacement? between 2009 and 2019.

Due to the limited durability of implants, revision
surgery may eventually be necessary, but this procedure
poses a significant burden on affected patients.3 Beyond
“accidental” indications for revision, such as fracture, dis-
location, or infection, implant durability is largely deter-
mined by the quality of the bone-metal interface and the

progression of osteolysis, which ultimately leads to implant
loosening through debris wear mechanisms—the “final
event”.4 Therefore, maintaining high standards in implan-
tation techniques is crucial for delaying the need for revi-
sion surgery as much as possible. In this context, the im-
portance of joint replacement data collection and analysis
becomes evident.

To ensure comparability between studies assessing revi-
sion rates, an international committee later developed a set
of standardized indicators.5 The primary outcome indica-
tor, as defined in the EUPHORIC project in 2008, was revi-
sion for any reason.
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Using revision rates for investigating the durability of
joint implants, Evans et al. found an overall 15-years sur-
vival rate for hip prostheses of 88% while the 25-year rate
was 58%.6 They also reported that the selection of articles
reporting revision rates longer than 15 years was difficult
because of the poor quality and discontinuous follow-up.

Most of the studies investigating implant revision rates
focused on long-term durability, whereas no clear defini-
tion for early revision is available at the moment. Previous
studies investigating early revision surgery used time-
frames between 1 month and 5 years’"10 and proposed
qualitative definitions of early revision.

Given the significant physical and mental burden of un-
dergoing a second procedure much earlier than expected,
it is crucial for all involved caregivers to thoroughly un-
derstand the causes behind any “early-than-expected” re-
vision. Therefore, the aim of this review is to summarize
the various definitions and underlying reasons for early
revisions in the commonly performed total knee and hip
arthroplasty procedures.

In particular, we investigated:

+ How frequent is early revision surgery and what is the
trend of early revision surgery frequency?

+ What are the indications and reasons for early revi-
sion surgery?

e What are the risk factors for early revision surgery?

METHODS

SEARCH STRATEGY

For this review we searched the Medline database using the
search terms “early revision” and arthroplasty; “early re-
vision” and “arthroplasty register”, “short term revision”
and “arthroplasty”. The search resulted in 2886 references
(Table 1). This research was limited between the years 2010

and 2023.

ELIGIBILITY CRITERIA

From the 2886 references, only 254 were eligible after a title
screening. From these, n=153 were excluded, because of the
following reasons:

+ the articles were not related to hip or knee arthro-
plasty (e.g., other joints, arthroscopy) (n=58);

+ they did not provide quantitative revision data
(n=30);

» they focused on implant system development or spe-
cific technical issues (e.g., trunniosis) (n=47);

« or comprised to few cases (less than 50 cases) (n=14)

Of the remaining n=101 articles, a further quality
screening excluded 46 paper, so to not divert away from the
primary focus of this narrative review (see Tab.1)

DATA EXTRACTION

From each of the 55 eligible articles, we extracted its main
purpose and evaluated its relevance for our study. From

those studies fulfilling these criteria, we extracted quanti-
tative data of revision rates, number of patients, region or
registry source, years of primary operation, early revision
cut offs, and reasons for revision. Among those, 16 contri-
butions that were more recent and richer in outcome data
(e.g., reporting multiple risk factors and/or multiple early
revision cut-offs) are summed up in detail in Table 2. Data
are summarized from last version online of cited arthro-
plasty registers. The reported cut-off choices are the typi-
cal ones found in literature. They generally reflect the time-
frames for outpatients’ postoperative follow-ups.

DATA ANALYSIS

Data were analysed by comparing overall revision outcome
for different reasons. The included articles reported differ-
ent outcome measures. Those were cumulative rates of re-
vision for majority of contributions. Cumulative revision
rates were directly compared, while other forms of result
figures could not be harmonized in absence of raw data, but
they were presented and discussed (“revisions for 100 com-
ponent-years”,> or Odds Ratios!!).

Risk factors for early revision included patient- and pro-
cedure-related factors. Patient-related factors were divided
into “physiological” (e.g., age, weight, sex) and “pathologi-
cal” ones (e.g., comorbidities or use of drugs) at the time of
primary surgery.

In addition, we performed a linear regression analysis
of data from six arthroplasty registers in order to compare
10-year vs. 3-months and 1-2-3-5 years cutoff outcomes
The sampling period for all register was set in year 2021
(around 6 million THA/TKA cases).

Different revision “cut-off choices” (early, mid, late)
were analyzed using data from four articles, which identi-
fied time-sequenced outcomes.

This paper does not aim to provide an exhaustive dis-
cussion of the complex topic of early, unexpected revisions.
Instead, it seeks to systematically present and quantify the
intricacies involved. In doing so, we adhere to internation-
ally accepted standards for narrative reviews!2

RESULTS

GENERAL TRENDS IN REVISION RATES FROM
ARTHROPLASTY REGISTERS

Generally, the reported endpoints for short-term revision
procedures are relatively heterogenous ranging from 1
month® over 3 months?13-16 and 6 months!? up to
1-year, 141618 ) _veqr 7-9.17,19-21 3_yoar 22 and 5-year’-18.23,
24 (Fig.1, Table 2).

Revision rates evaluated over large data from international
registers show a clear change in trends, two years after pri-
mary procedure for both THA and TKA (Fig.2).

Arthroplasty registers report revision rates for multiple
time frames (1, 3, and 5-year for Australia, New Zealand,
UK and Netherlands) while Norway and Sweden report re-
vision rates for 2- and 10-years after arthroplasty (Table 3).
As indicated by a steeper slope, the risk of needing revi-
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Identification - Pubmed search
(2886 papers)
®| Duplicate resolution and title screening
254 papers Not joint arthropl. | 58
> SC]EEEEDJ‘Ilg: same_database, DO QUANGIALVE ey | No quantit.rev data | 30
revision data available
Same database 4
162 papers
| Eligibility: Developer study or specific . | too specific 47
" i57AR a0 fevu coes - less than 50 cases 14
101 papers
climate 1
#| Inclusion: relevance screening —3% [PROM  (Patient-
SR g reported outcome
measures) 1
d economy 1
trends in rev 2
Focused analysis e —
injections 1
1 learning curve 3
surgical diagnosis 11 Unicondilar knee 6
morbidity 11 hospital volume 4
implant THA 5 postop fracture 4
implant TKA 3 Metal on Metal 7
approach 5 Artificial
Age 3 Intelligence 2
ASA (Am. Assoc. robotic 4
Anest) 2 dual mobility 3
BMI 3 reoperation 4
Prosthetic fixation | 5 prediction models | 1
avoidability 1
modifiability 1
opioid use 5

Table 1. Summary of the Medline search algorithm strategy

sion surgery was greater in the 2 years after arthroplasty
than in the following years (Fig. 2). For TKA, the slope es-
timated from regression analyses decreased from 0.99 (first
two years) to 0.38 (time between 2 and 10 years). For THA,
the slope decreased from 0.55 (first two years) to 0.35 (time
between 2 and 10 years, Fig. 2).

EARLY REVISION VS. PRIMARY OPERATION YEAR
(TREND OVER TIME)

A total of three studies focussed on trends of early revision
over time, covering primary operations performed between
1995 and 2015.

The literature data do not show any consensus about early
revision trends over time.

Singh et al.25 reported a decrease in overall 2-year re-
vision rate between 2005 and 2011 from 3.0% to 1.3% for
TKA and from 4.2% to 2.1% for THA based on a large Cana-
dian register, while operation volumes increased by about
35 % and 39% (respectively TKA and THA) over the same
period of time; Cnudde at Al. observed a similar decrease
of 2-year revision rates in the Swedish SHAR register be-
tween 1999 to 2012 (about 3% to 1.5%). In contrast, Thien
et al.17 found on the broader Scandinavian NARA register
an increase of early revisions in the years 1995 to 2009;

this latter finding was not quantified and refers only to THA
femoral periprosthetic revision. The 1-month and 3-month
rate showed only a small increase of revision rates in the
SHAR database from 2002.°

INDICATION TO EARLY REVISION

Besides the overall early revision rate, the cause of revision
is an important factor too, because revision indications are
specific of a particular biological or mechanical event.

Bibliographic contributions show a strong dependence of
revision rates on the type of indication and the time at which
the revision occurred.

Six of the studies provided data on this issue.811,26-29
Of these, three studies on THA focused on 3-months revi-
sion rates based on large arthroplasty registers. Cnudde et
al.? reported that 30- and 90-days reoperations are mostly
due to infections and that this latter rate, together with the
fracture rate, is increasing, while the dislocation rate is de-
creasing. Ferguson et al.26 reported re-operation and revi-
sion data at 3 months and 5-years for each ASA (Ameri-
can Society of Anesthesiology) group. Infection, dislocation
and periprosthetic fracture were the main indications for
revision while infection, fracture and hematoma were the
main indication for re-operation. After adjusting for age,
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Table 2. List of papers reporting relevant outcomes for early revision.

Authors year range Region/ registry (Patient Early overall Rev Associations-indications,
(publ volume) Rev Rate Param. under study
year) cut-
off
Silijander 2015-2017 Michigan AR (5000 THA) 3mo ant:0.9% surgical approach vs age, BMI, sex, ASA,
etal sup: 1.5% smoking, DM
(2020) post:0.4% rev. reason: fracture, instability, infection,
loosening
Length of stay, readmission, home discharge,
etc
Rhee et 2000-2014 Nova scotia database 3 mo, 0.9% and 1.6% overall revision, death and infection rates vs
al (2017) (10000 THA) 1y DM, liver and hearth disease, age, blood transf.
Rhee et 2000-2014 Nova scotia (17000 TKA) 3mo 0.5% and 1.4%
al (2017) 1y
Ferguson 2008-161996-16 Geneva AR (5000) 3mo incidence of Revision and re-operation vs. op. year, ASA
etal Swedish AR (122k) 5y rev=0.6t0 2.3% score
(2019) indication: dislocation, infection, fracture,
loosening
Cnudde 1999-2012 Swedish AR SHAR (190k) 1 mo 2y Rev.Rate 3% Early rev. vs. primary oper. year
etal. 3mo to 1.5% Reoper., revision, mortality rate
(1997) 2y decrease Indication for operation;
Fixation, bearing, PROM, QoL, pain
Dela 2005-2016 catalan AR (18000) 1y ca2.5% revision risk vs. multiple comorbidity: obesity,
Torre et S5y liver disease, anemia, vascular disease, cancer
al. (2020) psychoses.
Dela 2005-2016 catalan AR (49000) 1y ca3.6%
Torre et 5y
al. (2020)
Singh et 2005-2011 Winnipeg Reg. Health 2y 4% (2005) to ER vs. primary oper. year
al (2016) Authority CAN (12000) 2-10y 2.1%(2011) infection, loosening, instability, fracture
>10y Infection, instability, Stiffness, Patella
Singh et 2005-2011 Winnipeg Reg. Health 2y 3% (2005) to maltracking
al (201¢) Authority CAN (18000) 2-10y 1.3%(2011)
>10y
Kee et al. 2015-6 Arkansas (57000) 2y incidence of modifiable Risks factors for sept/asept
(2017) patol. >1 Revision
mod.RF=40% BMI>40, smoking, dental health, HbA1c>8
Kee et al. 2015-6 Arkansas (71000) 2y incidence of
(2017) patol. >1
mod.RF=44%
van Loon 2007-19 LROI - netherl. Arthr Reg. 2y Rev risk for Bearing type CoC vs CoP
etal. (33000) asept. loosening
(2021)
Wyles et >2000 metaanalysis 2y same short term Bearing Type (CoC /CoP/ MoM/ MoP) Pat <65y
al.(2014) rev. risk old
Thienet 1995-2009 NARA Scandinavian Arthr. 6 mo RR uncem cem vs uncem stems; age, sex, implant design,
al.(2014) Reg. (300k cem (2y) =0.42% - preop. diagnosis
111k uncem stems) (0.47%) ER vs. primary oper. year
RR cem.=0.04%
-(0.07%)
Bottle et 2009-14 UK nat. administr data 3y RR=2.1% -multiple emerg. admission,
al (2019) (315k) -comorbidities
Bottle et 2009-14 UK nat. hosp. administr data 3y RR=2.2% -resurfacing vs THA
al (2019) (347Kk)
Roof et 2014-2019 NYU Langone hospital 5y 33% potentially "avoidable" revisions: instability, intraop
al (2022) (167k) avoidable fracture, metal allergy, maltracking
complications
Dyetal. 1997-2005 NY and CA statewide data Sy; 4% and 8.9% hazard ratio vs sex, age, insurance type,
(2013) (300k) 9y education, pop. Density
Duman 2005-2011 396 THA Revisions <2y,
etal. 2-5,
(2021) 5-10y
Quinlan private insurance database OR5,6for PJlin Early aseptic Revision second hit facilitating
etal US (ca 400 Pat. Peripr Joint 1y Periprost. joint infection
(2020) infection) OR4,8forPJlin
2y
Urish et 2020 nationwide readmission 3mo Revision and reoperation
al. (2020) database up to 2013 1y Periprost. joint infection 62% of revisions
(21000)
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Figure 1. Comparison chart of overall revision rates for THA and TKA.

Bars are upper and lower range as reported in each of the studies.

sex and diagnosis, infection was the main 3-months-indi-
cation for both re-operation (0.3% of all ASA II procedures,
0.5% ASA 1I/IV) and revision (0.3% of all ASA I procedures,
0.3% of all ASA II, 1% ASA II/IV).

Singh et al.8 considered not only THA revision indica-
tions, but also TKA revisions. Outcomes were grouped as
early (2-years), mid (2-10 years) and late (>10 years). This
study did not observe a change in the distribution of revi-
sion reasons over a period of six years and reported the four
most frequent causes for revision. For TKA, these were in-
fections, instability, stiffness, and patella maltracking. For
THA, these were infections, aseptic loosening, instability,
and fractures. Infections were identified as the main rea-
son for 2-year revisions for both THA and TKA (32% and
39% respectively), with a decreasing trend in mid (2-10)
and long term (>10 years).

PROCEDURE-RELATED EARLY REVISION ISSUES

IMPLANT-RELATED REVISION RISK

Seven studies focused specifically on implant-related rea-
sons. Five of these reported data related to THA17:20,21,30,31
and 2 related to TKA.32:33

Research has evaluated the influence of material combi-
nations and bone fixation methods on early revision rates.
Although no particular type of total hip arthroplasty (THA)
coupling has shown a definitive advantage, there is strong ev-
idence supporting the use of cemented fixation in elderly pa-
tients, where it significantly improves outcomes.

Van Loon et al.20 found an about 50% higher 2-year cup
revision rate for press-fit Ceramic on Ceramic (CoC, 0.67%)
than for Ceramic on Polyethylene (CoPE, 0.44%) based on
the arthroplasty register of the Netherlands. The authors
suggested that the reduced quality of bones due to age
could result in a higher rate of patients affected from cup
migration for the material combination ceramic on ceramic,
which precludes sufficient primary stability.

Wyles et al.21 performed a meta-analysis investigating
the influence of bearing types implanted in patients
younger than 65 years after the year 2000. They found no
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Figure 2. Trend of cumulative revision rates generated
from arthroplasty register data (table 3). Cumulative
data show a decreasing slope for both hip and knee
revision after 2 years

significant differences between 2-years revision risks for
CoC and CoPE (risk ratio for revision=0.65, p=0.5), and be-
tween CoC and Metal on Polyethylene (MoPE) (risk ratio for
revision=0.40, p=0.34).

Tanzer et al.3! found from the Australian register that
1-month revision rates were about nine times higher for the
three best performing cementless stems than for the three

best performing cemented stems (HR=5.5 vs 15.1, 95% CI,
p=0.001).

Fixation methods are an important factor associated
with early revision surgery.34-3¢ According to the large
NARA database (Nordic Arthroplasty Register) database,?
the surgical choice of uncemented fixation increased for
THA over the period 1998-2012. Thien et al.l7 studied ce-
mented stems in the NARA statistics and reported lower
6-month (0.04 % vs 0.42%) and 2-year revision rates (0.07%
vs. 0.47%) for cemented fixation when compared to unce-
mented fixation.

Khanuja et al.34 recommended cemented fixation in pa-
tients aged over 70, for women, for femur form type Dorr C
(femur channel type with thinner cortical), and for individ-
uals with osteoporosis. Rationale for that was poorer out-
comes of uncemented implants (stem revision rate due to
periprosthetic fracture 17% for uncemented vs. 6% for ce-
mented stems).

Springer et al.3° reviewed 10,277 THA procedures in the
American Joint Replacement Register (AJRR) and identified
628 early periprosthetic postoperative femoral fractures 3
months after primary surgery. Females over 70 years old
are considered at risk, and cementless femoral fixation was
associated with a 2.6 times higher revision rate than ce-
mented fixation. This difference was, however, not statisti-
cally significant.

Wangen et al.3¢ also reviewed the NARA (Nordic Arthro-
plasty Register Association) register and reported that re-
versed hybrid fixation had a higher revision rate (relative
risk of revision=1.4 adjusted for sex, age, diagnosis and time
to revision, Cox Analysis) than cemented fixation for pa-
tients older than 55 years, three years after primary opera-
tion (relative revision risk=3.1 p=0.001).

Table 3. Cumulative rates of revision data from large arthroplasty registers.

Country/ Register Introduced Volume THA 2021 TKA 2021 THA 2021 TKA
Region 2021 Early rev. Early rev. 10y Rate 2021

rate rate 10y

Rate
Sweden SHAR/ 1975 450T hip 2y 2y rev. risk
SKAR 275T 2% Re-OP 1.9% Re- 4.5-5.5%
knee (of w. 1.6% oP (2000-19)
Rev.) (of w. 1.3%
Rev.)

Norway 1985 255T hip 2y 2y 95.0% 94.8%
112T 97.7% 97.9% survival survival
knee survival survival

Australia AOANJRR 1999 1.2M 1y: 1.6% 1y: 1.0% 4.4% 4.8%

3y:2.3% 3y:2.5%
5y:2.9% 5y:3.3%

New Zealand NZJR 1999 155T hip 1y: 1.2% 1y: 0.5% 3.9% 2.7%
126T 3y: 2.0% 3y: 1.4%
knee 5y:2.6% 5y:1.9%

UK and isle of NJR 2003 1.2M hip 1y: 0.81% 1y: 0.49% 4.28% 4.13%

man 1.3M 3y: 1.49% 3y: 1.75%
knee 5y:2.16% 5y: 2.54%

Netherlands LROI 2007 352T hip 1y: 1.6% 1y: 0.9% 4.8% 5.8%
287T 3y: 2.6% 3y:3.3%
knee 5y: 3.3% 5y:4.3%
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Revision rates for total knee arthroplasty (TKA) are
closely linked to fixation methods. In the study by Papas et
al.,37 the authors highlighted that early attempt with un-
cemented TKA were initially disappointing. However, with
a decrease in the average age of patients receiving primary
implants and advancements in implant design, uncemented
procedures became more favourable. Their research re-
ported a 96.8% survival rate for TKA after 20 years of fol-
low-up, and general better short-term results, with a 99.6%
survival rate at the 4-year mark.

SURGERY-RELATED REVISION RISKS

Seven studies focused on surgery related features for both
THA and TKA.15,38-43

This section summarizes the surgical approaches for pri-
mary procedures. Although different contributions show sta-
tistically significant results, in summary there are no clear ad-
vantages of any approach in terms of the number of early
revisions.

Silijander et al.15 reviewed different THA surgical ap-
proaches. The highest 3-month revision rate was observed
for the direct superior approach (1.5%), the lowest for the
posterolateral approach (0.4%). The length of hospital stay
was found to be significantly shorter for the superior and
the anterior approach when compared to the posterior ap-
proach (1.7£0.9 days and 1.8+0.9 days vs. 2.3*1.4 days,
p<0.001). The frequency of blood transfusion was also
found to be significantly different between these ap-
proaches (1.8% and 2.1% vs 4.4% of patients).

Yuasa et al.38 found a significantly shorter length of stay
and no dislocation events for patients operated with a di-
rect anterior vs posterior approach (23.4 vs. 28.6 days), and
higher patient postoperative score (HSS) for the same group
(88 vs. 80).

Angerame et al.3? reviewed seven thousand primary THA
operations between 2007-2014 and found no significant re-
vision rate differences between the direct anterior and pos-
terior approach. (direct anterior vs. posterior 1.69% vs.
1.39%, p=0.33).

A study based on the Kaiser Permanente US-Register
by Sheth et al.#2 found no significant differences in septic
or aseptic revision rates at 3 years among different ap-
proaches, but lower dislocation rates for the direct anterior
and anterolateral approaches (HR=0.44, p=0.017 and 0.29
p=0.002 respectively) when compared to the posterior ap-
proach.

Meneghini et al. studied 478 THA revisions 5 years after
primary surgery. They reported how the direct anterior ap-
proach is a risk factor for failure in cementless fixation
(50.9% vs. 34.8% lateral and 14.3% posterior, p=0.001),
whereas the posterior approach was associated with a
higher instability risk (47.5% of all 5-year revision due to
instability).

Ravi et al.44 searched for risks of revision for patients
who received an injection in the year preceding THA
surgery. They found that this group had an increased risk of
infection (Hazard ratio equal to 1.37) and revision (adjusted
HR 1.53) within 2 years of the primary surgery.

PATIENT-RELATED EARLY REVISION ISSUES

PHYSIOLOGICAL AND PATHOLOGICAL ISSUES

A total of 29 articles addressed patient related issues.

Those contributions found a strong dependence of early re-
vision outcomes from both physiological and pathological pa-
tient status at the time of primary procedure. Several case-
mixes are discussed.

Cnudde et al.? investigated 2-year THA revision rates
considering many covariates as ASA scores (American Soci-
ety of** **Anesthesiologists), the Elixhauser morbidity in-
dex, primary indication, sex, age group, but also the time
since primary operation. The findings show decreasing
death and revision rates over the period under study, while
the BMI, the number of comorbidities and the ASA-score of
patients increased over the same period in these patients.
Three-month overall revision rates ranged between 0.8 %
and 2.0 % in the year 2012. The reoperation-rate decreased
from 2.0% at 3 months to 0.5 % at 2 years.

Based on data from the Swedish SHAR database, Fergu-
son et al.26 reported over the period between 1996 and 2016
a 3-months revision rate of 0.8% and a reoperation rate of
0.4 % THA. Association of revision and reoperation rates
was positively associated with ASA scores 3-4 (p<0.001 for
comparison among all ASA classes). This finding remains
statistically significant after adjustment for age, sex, BMI,
and diagnosis adjustment.

Bottle et al.22 reviewed UK administrative data until
2014. They found previous all-cause multiple emergency
admission as important predictors for 3-years revisions for
both THA and TKA (Odd Ratio=1.85 for more than 3 ad-
missions, p<0.001). They also reported significantly greater
odd ratios for polyarthritis (OR=1.15), rheumatoid arthritis
(OR=1.44), and femur head fracture (OR=1.77) when com-
pared to OR=1 set for the group of THA-patients between
60-64 years old revised after 3 years. For TKA they found
significantly greater ORs for patellofemoral (5.16) or partial
joint replacement (2.81), and lower socioeconomic status
(OR=1.23). An important finding was the higher revision
risk for young males (<60), which was attributed to higher
dislocation rates (OR=1.19 for THA, 1.24 for TKA).

The combination of relatively “young age” and “male
sex” was also found to be a significant risk factor for early
revision in 2 other studies .454¢ Cregar et al. found that
male patients under 65 years with a BMI over 30 kg/m? were
at elevated risk of revision over 2 years. Gallo et al. per-
formed a cluster analysis on the base of preoperative para-
meters. The parameters male sex, smoking, and BMI over
30 were associated with higher 2-years TKA revision rates
(males under 66 years=10.9% with respect to the whole co-
hort of 1885 TKA patients). In addition, a high activity level
was found as potential contributor to revision risk, albeit
this association did not reach statistical significance.

Based on data from the Catalan register database, De la
Torre et al.1® investigated the impact of several comorbidi-
ties such as obesity, liver disease, anaemia on early THA
and TKA revision rates. At 1 year, the authors found revi-
sion rates of 2.5% and 3.6 % for THA and TKA across all
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patients. Having 1 or 2 comorbidities already resulted in
a greater risk for early revision at 1 and 5 years for both
THA and TKA. The effect of comorbidities on revision risk
was, however, lower after 5 years than after 1 for TKA (e.g.,
obesity, liver disease, deficiency anemia), indicating that
comorbidities are more critical in the early postoperative
phase.

Rhee et al.14 investigated 3 months and 1-year THA and
TKA rates (revision, infection, death) from a Canadian
health database. They found overall rates of 0.9% and 0.5%
respectively at 3 months and of 1.6% and 1.4% at 1 year.
Several diseases were found to be associated with higher
odds ratio for infection and revision at 3 months and 1
year after THA and TKA. Diabetes and heart failure in-
creased the odds of infection (3 months: OR=2.0 / 6.1; 1
year: OR=1.2 / 4.8). Blood transfusions and liver disease
were associated with higher infection rates for TKA (but not
for THA), with OR=1.6 and 3.9 respectively at 3 months.

Dy et al.47 calculated hazard ratios for 5- and 9-year
knee arthroplasty revisions considering sex, age, insurance
type, education level and hospital volume based on data-
base comprising data from both New York and California.
Overall revision rates were 4% (5 years) and 8.9% (9 years).
Again, a higher hazard ratio was found for patients under-
going implant procedure before the age of 50 years.

Meehan et al.#8 found among the approximately 120,000
TKAs listed in the Californian database between 2005-2019
a 1.8 times higher 1-year revision rate for patients under
the age of 50 years. This was explained with fractures and
other mechanical failures.

A large review about arthroplasty revision outcomes on
patient with diabetes*? concluded that HbAlc level higher
than 6.5% can lead to postoperative hyperglycemia, which
results in higher rate of infection, thrombosis and death
(OR for death=3.23, OR for 30-days postoperative compli-
cation=1.22).

DISCUSSION

The objective of this review was to summarize the literature
about the frequency, indications, and risk factors for early
total knee and hip arthroplasty revision surgery. This re-
view identified numerous studies that mainly relied on data
from arthroplasty registers and provided estimations of risk
factors for early revision as well as insights into patient-
and procedure-related issues. The frequency of revision
surgery within 2 years after arthroplasty was estimated to
range from 1.5% to 5% for knee and from 2% to 4% for
hip arthroplasty.8->0 The majority of revision surgeries took
place in the first 24 months, indicating that the risk is
greatest in the 24 months after primary surgery. After 2
years, the slope decreased and was continuous until year
10. One study? reported slightly increasing 1-month and
3-months reoperation and revision rates in recent years,
potentially due to a more “aggressive” attitude to early re-
vision indication, whereas the 2-year revision surgery rate
decreased over the last decades most. This may be ex-
plained with the more aggressive approach to not delay
early revisions (“Do it right away”), as delaying early re-

visions may be detrimental for patients. Still, a consider-
able percentage of arthroplasty patients need to undergo
early revision surgery and this places a significant burden
not only on the affected patients but also on the healthcare
systems. Singh e al.® reported the number of early revision
surgeries to be approximately constant between 2005 and
2013 despite an increase by >30% in both THA/TKA pro-
cedures. The number of patients expected to undergo hip
and/or knee replacement surgery is, however, expected to
further increase and this may eventually also translate into
an increase of early revision procedures.

Whereas late revision surgery is mainly indicated due to
loosening of implants or periprosthetic fracture, early revi-
sion surgery is primarily indicated due to infection and in-
stability for both hip and knee arthroplasty. Previous stud-
ies investigated and identified numerous risk factors for
early revision surgery such as high BMI, smoking, and in-
sufficiently treated diabetes but also interactions between
some of these factors, such as younger, physically active
males#547 or cementless fixation in older or osteoporotic
patients.343> Since some of these patient-related risk fac-
tors such as high BMI, smoking, or untreated diabetes are
modifiable, a significant number of early revisions may be
avoided by addressing such modifiable risk factors before
hip or knee arthroplasty.1924 Since some infections may
be (partially) due to patient-associated factors like smok-
ing, poor dental health and insufficiently controlled dia-
betes, the rate of revisions due to infection may poten-
tially be reduced as well. Kee et al. reported that 40% of
the early THA and TKA revision cases (before two years af-
ter primary implant), have at least one modifiable risk fac-
tor. Delaying the primary arthroplasty may be an option in
patients willing to lose weight, to stop smoking, or to im-
prove the treatment of diabetes. On this behalf, the gradual
shift towards outcome-related health has pushed towards
preoperative management of the patient at risk for com-
plications. Orthopaedic departments adopt nowadays best
practice pre-admission criteria referring to different risk
factors, and possibly activates optimization procedures be-
fore primary surgery. Among those, guidelines agreed over
strategic parameters like HbA1c values over 7.5%, hemoglo-
bin level under 12 g/dl for women or 13 g/dl for men, serum
albumin level under 3.5 g/dl. In addition, postoperative risk
factors such as avoidance of intense physical activity during
osseointegration, lack of follow-up, or poor postoperative
management need to be taken account, in order to reduce
the risk of revision in the first months after the interven-
tion.

The literature search used terms like “early” or short-
term in order to identify relevant articles. One limitation
of this study is intrinsic to the choice of the narrative for-
mat. Systematic review strategies reduce risk of bias and
of missing data, therefore in our contribution articles may
have been missed. The further limitation that “early revi-
sion” is not well-defined makes a systematic review on this
topic still a difficult task.

The fact that in the focused analysis (Tab.2) six different
registers and other four national or regional discharge
repositories are present, indicates the need of solid and
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Table 4. Cutoff choices in studies where multiple revision events have been categorized.

Author very” Early Mid Late
Early

Schwarz et al. 3mo 3mo-2y 2y

Duman et al. 2y 2-5y

Singh et al. 2y 2-10y 10y

Cnuddeet al. 1-3mo

large databases to assess revision analysis. We consider this
a strength more than a limitation. This latter fact also im-
plies the increasing need of larger datasets to assess the
complexity of early figures, as demonstrated here.

The time-frames defined as “early revision” in the in-
cluded studies varied from up to 3 months to up to 5 years
and it would be desirable to have a broadly accepted defin-
ition of early revision surgery, potentially based on the de-
finition proposed by Singh at al.,8 who suggested to differ-
entiate between early (<2 years), mid (2-10 years) and late
(>10 years) revision. In addition, some arthroplasty regis-
ters report only 2-year revision rates whereas others report
revision rates for multiple time points (1, 3, and 5 years)
but not for 2-year rates, which limits the comparability (see
table 4).

To this end, we recommend that future research focuses
on refining definitions. Consider, for instance, the loos-
ening mechanism: it represents the ‘natural’ service life
through mechanical failure. However, we currently lack bio-
mechanical thresholds to determine whether a loosening
revision occurs “prematurely” or within an expected time-
frame.

Given the large amount of data available in implant reg-
isters, it may also be possible to not only stratify risk factors
for revision by time-frame (e.g., early vs late) but addition-
ally also by the indication of revision (e.g., percentage of

revisions after 1 year due to infection, loosening or frac-
ture) in future studies. This may provide more detailed
insights into which and how risk factors affect revision
surgery.

CONCLUSION

Hip and knee arthroplasty come with a considerable risk of
early revision surgery. The annual rate of revision surgery
was, however, reported to decrease after the first 2 years.
The published studies provided data on indications for early
revisions, e.g. periprosthetic infection, instability, for both
THA and TKA procedures which differ notably from the
indications for later revisions such as aseptic loosening
or periprosthetic fractures. Numerous studies also inves-
tigated the impact of risk factors for early revisions that
provide valuable information for reducing the risk of early
revision for arthroplasty patients. Patient-modifiable risk
factors such as a high BMI, smoking or insufficiently con-
trolled diabetes may be of particular interest in this regard,
as these may allow to significantly reduce the risk for af-
fected patients.
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