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In the twenty-first century, we are observing a greater longevity of the popu-
lation, which in developed countries reaches an average of 80–85 years. This 
circumstance means that many elderly patients, from approximately 
65–70  years of age, suffer from painful degenerative osteoarthritis (OA), 
especially in the hips and knees and to a lesser extent in other joints (shoul-
ders, elbows, ankles). However, degenerative OA is not the only form of OA 
that the aforementioned large articulations can present.

When the conservative treatment of OA fails, elderly patients will need a 
primary total arthroplasty of the damaged joint. The goal is to relieve the 
intense pain associated with the problem and to improve the quality of life of 
patients for the remainder of their lives.

Contemporary primary total hip arthroplasties have a duration of 20–25 years, 
whereas those of the knee last approximately 15–20 years. Primary arthroplas-
ties of the other large joints do not maintain such a long survival, but they help 
to alleviate the intense pain and functional disability that advanced OA pro-
duces. To deal with the problem, we must better understand the causes and risk 
factors that cause primary total joint arthroplasties to fail. Our goal is to delay 
as long as possible the need for a revision total joint arthroplasty. Unfortunately, 
it is common for total joint prostheses to ultimately need to be revised. 
Therefore, it is essential to understand the surgical technique of revision arthro-
plasty, as well as its possible complications and results.

In this book, the expert authors analyze the causes of and risk factors for 
the failure of primary arthroplasties of the shoulder, elbow, hip, knee, and 
ankle, based on their experience and an exhaustive literature review. They 
also review the surgical technique of revision arthroplasties of the aforemen-
tioned joints and finally their results and potential complications.

The intention of all the authors of this book is to provide useful knowledge 
to orthopedic surgeons who encounter cases of revision arthroplasty of shoul-
ders, elbows, hips, knees, and ankles—which are increasingly frequent and 
which will be even more common in the near future.

My intention as editor of this book has been to capture in a single volume 
the most relevant information on total joint revision arthroplasty of the large 
joints of the anatomy.

Madrid, Spain� E. Carlos Rodríguez-Merchán  

Preface
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Revision Total Knee Arthroplasty: 
Epidemiology and Causes

E. Carlos Rodríguez-Merchán, Carlos A. Encinas-
Ullán, and Primitivo Gómez-Cardero

1.1	 �Introduction

Although total knee arthroplasty (TKA) can 
effectively treat end-stage osteoarthritis, durabil-
ity remains a concern. Longevity with current 
designs now approaches 90% at 20 years postop-
eratively [1, 2]. On the other hand, the predicted 
demand for primary TKA in the United States 
(US) will increase 673% by the year 2030 [3]. 
Furthermore, the demand is increasing for 
younger patients (i.e., those under 55  years of 
age), and patients are remaining active longer 
into their life [4, 5]. Thus, the demand for revi-
sion TKA (RTKA) is also expected to increase 
601% by the year 2030 [3].

RTKA is an efficacious treatment for failed 
TKA but with less favorable results [6]. Taking 
into account the technical complexity and eco-
nomic burden of RTKA procedures, it is compul-
sory to investigate current mechanisms and 
predictors of RTKA failure [6]. Revision surgery 
for failed TKA continues to pose a considerable 
burden for health-care systems [7]. The purpose 
of this chapter is to analyze the epidemiology, 
causes, and risk factors for RTKA.

1.2	 �Epidemiology

In 2018, Roche et al. analyzed 125,901 patients 
in the National US Private Payer Database to 
examine potential racial disparities in 
RTKA. Revision frequency and burden were the 
highest in African-Americans (12.4% and 11.1%, 
respectively) and were lowest in Asians (3.4% 
and 3.3%, respectively) [8]. TKA mechanical 
complications were the most frequent cause of 
revision, followed by periprosthetic joint infec-
tion (PJI), with contracture being the least fre-
quent. The highest frequency of RTKA was in 
white patients younger than 40  years (27.1%). 
African-Americans (17.8%), other races (7.9%), 
and Hispanics (16.5%) had the highest frequency 
of revision in the 40- to 64-year age range. 
Among Asians (4.1%) and Native Americans 
(9.7%), revision frequency was highest in patients 
older than 65 years.

Choi et  al. compared revision rates due to 
aseptic loosening between high-flex and conven-
tional knee prostheses [9]. Some 2078 knees 
(1377 patients) were analyzed with at least 
2  years of follow-up after TKA.  Two types of 
implants were selected (LPS-Flex and LPS, 
Zimmer) to compare revision and survival rates 
and sites of loosened prosthesis components. The 
revision incidence of the LPS-Flex (4.9%) was 
significantly higher than that of the conventional 
prosthesis (0.6%). The 5-, 10-, and 15-year sur-
vival frequencies were 98.9%, 96.2%, and 92.0%, 
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respectively, for the LPS-Flex and 99.8%, 98.5%, 
and 93.5%, respectively, for the LPS.  The sur-
vival incidence of the high-flex prosthesis was 
significantly lower than that of the conventional 
prosthesis, especially in the mid-run period 
(range, 5–10 years). The loosening frequency of 
the femoral component was significantly higher 
in the LPS-Flex prosthesis. The LPS-Flex had a 
higher revision incidence due to aseptic loosen-
ing than the LPS prosthesis in the population 
series with a long follow-up. The LPS-Flex 
should be used cautiously, taking into account the 
risk of femoral component aseptic loosening in 
the mid-run (range, 5–10 years) follow-up period 
after the initial surgical procedure [9].

1.3	 �Causes and Risks Factors 
for Revision

In 2017, Delanois et al. analyzed the epidemiol-
ogy of RTKA in the United States. They found 
that infection was the most frequent cause of 
RTKA (20.4%), closely followed by mechanical 
loosening (20.3%). The most frequent RTKA 
procedure performed was all-component revision 
(31.3%) [7]. According to Roche et al., mechani-
cal complications of the articular prosthesis were 
the most frequent cause of revision, followed by 
PJI, with contracture being the least frequent [8].

In 2018, Postler et  al. analyzed 312 patients 
who underwent 402 RTKAs; 89.6% of these 
were referred to their center for revision surgery 
[10]. In 289 (71.9%) patients, this was the first 
revision surgery after primary TKA. The major-
ity of the first revisions were late revisions 
(73.7%). Some 113 (28.1%) patients had already 
had one or more prior revision surgeries. The 
most common reason for revision was PJI 
(36.1%) (Figs. 1.1 and 1.2) followed by aseptic 
loosening (21.9%) (Fig.  1.3) and periprosthetic 
fracture (13.7%) [10–13]. Other less common 
causes of revision RTKA were instability 
(Fig. 1.4), pain, polyethylene wear, restriction of 
motion (arthrofibrosis), extensor mechanism 
insufficiency, mechanical defect, and allergy 
[14–17].

In 2015 Rodriguez-Merchan et  al. reported 
that RTKA with a rotating-hinge design provided 
substantial improvements in function and a 
reduction in pain in elderly patients with instabil-
ity following TKA [14]. Table  1.1 shows the 
main causes (and approximate percentage) of 
revision total RTKA [10].

1.3.1	 �Periprosthetic Joint Infection

In 2012, Rodriguez-Merchan reported the risk 
factors for infection following TKA [11]. They 
were obesity, diabetes, a history of open reduc-
tion and internal fixation, male sex, remnants of 
previous internal fixation material, body mass 
index (BMI), congestive heart failure, chronic 
pulmonary disease, preoperative anemia, depres-
sion, renal disease, pulmonary circulation disor-
ders, rheumatologic disease, psychoses, 
metastatic tumor, peripheral vascular disease, 
and valvular disease.

At 30 days, the overall percentage of surgical 
site infection is 1.1%, whereas the published rate 
of deep infection is 0.1%. The lifetime frequency 
of PJI after TKA ranges from 0.7% to 4.6% [18].

Evangelopoulos et al. have reported that PJI is 
the predominant cause of early failure of primary 
and revision TKA, followed by aseptic loosen-
ing, instability, pain, malalignment, and inlay 
wear [6]. Reinfection percentage of the septic 
primary TKAs was 5%. Infection was the major 
cause of a second revision, reaching as high as 
50% in all cases. The outcomes of this study sug-
gested that septic failure of a primary TKA is 
likely to occur within the first 2  years after 
implantation. Septic failure of primary TKA did 
not influence survival of the revision prosthesis.

Rhee et  al. studied the risk factors for PJI, 
revision, death, blood transfusion, and longer 
hospital stay 3 months and 1 year after primary 
total hip arthroplasty (THA) and primary TKA 
[19]. They analyzed all primary THA and TKA 
cases between 2000 and 2014. A total of 10,123 
primary THA and 17,243 primary TKA proce-
dures were performed. With THA, the risk of PJI 
was higher in patients with heart failure and those 
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a

d e f

b c

Fig. 1.1  (a–f) A 74-year-old woman had a TKA 
implanted in her left knee 9 months earlier due to very 
painful idiopathic osteoarthritis. She went to the 
Emergency Department (ED) because she had pain and 
inflammation in her operated knee together with redness 
in her leg for 2  weeks (a). Staphylococcus aureus was 
detected in the blood cultures performed. The knee radio-
graphs performed in the ED were considered normal, both 

in the anteroposterior (b) and in the lateral (c) views. The 
joint puncture extracted frank pus (d), the same microor-
ganism being cultured again in the joint fluid obtained. 
Performing a two-stage revision arthroplasty was decided. 
In the first stage, the infected prosthesis was removed, and 
an articulated spacer was implanted. In (e) the anteropos-
terior radiograph of the implanted spacer is shown, and in 
(f) the lateral view of the spacer can be observed

1  Revision Total Knee Arthroplasty: Epidemiology and Causes
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a b c

Fig. 1.2  (a–c) A 62-year-old man had undergone a two-
stage revision arthroplasty 7 years previously for infection 
of a primary TKA implanted in his left knee. The patient 
consulted for pain and appearance of two fistulas in the 
proximal part of his leg (red circles) of several weeks’ 
evolution (a). The radiographs performed during that con-

sultation showed a severe loosening of the revision pros-
thesis (rotational hinge design) implanted 7 years before 
(b). It was decided to remove the infected revision pros-
thesis and implant a spacer through new surgery. Note the 
existence of frank pus in the infected knee in the intraop-
erative image

a b

Fig. 1.3  (a, b) Aseptic loosening of primary TKA: (a) 
anteroposterior radiograph; (b) lateral view showing clear 
loosening of the tibial component (arrow). Performing a 

one-stage revision arthroplasty with a CCK (constrained 
condylar knee) prosthesis was indicated

E. C. Rodríguez-Merchán et al.
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with diabetes. For TKA, liver disease and blood 
transfusion were associated with a higher risk of 
PJI.  Revision rates were higher among patients 
with hypertension and those with paraparesis/
hemiparesis for THA and higher among patients 
with metastatic disease for TKA. Important risk 
factors for death included metastatic disease, 
older age, heart failure, myocardial infarction, 

dementia, rheumatologic disease, renal disease, 
blood transfusion, and cancer. Multiple medical 
comorbidities and older age were associated with 
higher rates of blood transfusion and longer hos-
pital stay.

Matar et al. reported a higher failure frequency 
of two-stage revision for infected TKAs in sig-
nificantly compromised (host-C) patients [20]. 
They performed a prospective consecutive series 
(level IV of evidence) of two-stage revisions of 
infected TKAs in host-C-type patients with a 
minimum 2-year follow-up using objective and 
patient-reported outcome measures. Thirteen 
patients were included, with a median 5-year 
follow-up (range 2–10). Median age was 68 years 
(range 59–73) at time of initial presentation. All 
patients were a type-C host, using the McPherson 
classification system. All patients had primary 
TKAs in situ, with proven chronic PJI; the infect-
ing bacteria were Staphylococcus aureus in 5 of 
13 patients, coagulase-negative Staphylococci in 
5 of 13, and the remaining three patients had 

a b

Fig. 1.4  (a, b) Instability after primary TKA.  In the 
anteroposterior radiograph (a) a clear lateral displacement 
of the tibia with respect to the femur (arrow) is shown. In 

the lateral view, instability is not so evident (b). A one-
stage revision arthroplasty with a rotational hinge design 
was indicated

Table 1.1  Causes (and approximate percentage) of revi-
sion total knee arthroplasty (RTKA)

Failure mechanism Percentage
Periprosthetic joint infection (PJI) 36%
Aseptic loosening 22%
Periprosthetic fracture 14%
Instability 7%
Pain 6%
Polyethylene wear 5%
Restriction of motion, arthrofibrosis 4%
Extensor mechanism insufficiency 4%
Mechanical defect 1.5%
Metal allergy (nickel) 0.5%

1  Revision Total Knee Arthroplasty: Epidemiology and Causes
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mixed growth. All patients underwent a two-
stage revision protocol. At the final follow-up, 9 
of 13 patients were infection-free, achieving sat-
isfactory results. Two patients had recurrent 
infections with different bacteria and were treated 
with suppressive antibiotics and salvage knee 
fusion, respectively. Moreover, two patients had 
chronic pain and poor functional results with 
insufficient extensor mechanism and significant 
bone loss; they later underwent salvage knee 
fusion. This study highlighted the challenge of 
treating infected TKA in physiologically com-
promised patients, with 9 of 13 (69%) achieving 
satisfying clinical results [20].

Fu et al. analyzed the correct timing of second-
stage revision in managing PJI, as well as investi-
gating dependable indicators and risk factors 
[21]. They reviewed and followed 81 TKA 
patients with infection who underwent two-stage 
revision in a 5-year period (2010–2014). The 
study included 56 men and 25 women; all patients 
were verified as PJI with the same phenotypic 
cultures. The average age was 64.8 (range 36–78) 
years, and the mean follow-up time was 46.5 
(range 12–72) months after the second-stage sur-
geries. Serum C-reactive protein (CRP), erythro-
cyte sedimentation rate (ESR), and intraoperative 
frozen section (FS) at the time of reimplantation 
were analyzed. The spacer detention time and 
antibiotic treatment time were compared. Ten 
patients underwent failed first- or second-stage 
surgical procedures. The overall success fre-
quency was 87.7%. The intraoperative FS proved 
to be good indicator at the time of reimplantation; 
the sensitivity and specificity were 90% and 
83.1%. Serum CRP and ESR showed a poor 
diagnostic value at the time of reimplantation. A 
typical bacterial infection, positive FS, and prior 
sinus were high-risk factors for failure of two-
stage revision. Spacer detention time between 12 
and 16  weeks had a higher success percentage 
than over 16  weeks. The main conclusion was 
that the proper timing of reimplantation should 
be linked with dissipation of clinical symptoms 
and negative intraoperative FS with spacer deten-
tion time at 12–16 weeks [21].

In 2018, Rajgopal et al. analyzed whether pre-
vious failed debridement, antibiotics, irrigation, 

and implant retention (DAIR) affect the outcome 
of subsequent two-stage revision performed for 
PJI after TKA [22]. They performed a retrospec-
tive study of 184 knees with completed two-stage 
RTKA for PJI, operated by a single surgeon in a 
12-year period (2000–2011). The series was 
divided into two groups: those with prior failed 
DAIR (F-DAIR) (88 knees) and direct two-stage 
revision (96 knees). At an average follow-up of 
5.3 years, the failure frequency was 23.86% (21/88 
knees) in the F-DAIR group and 15.62% (15/96) 
in the direct two-stage revision group. A previous 
F-DAIR procedure was associated with approxi-
mately twice the risk of failure compared with 
direct two-stage surgery. Excluding PJIs caused by 
methicillin-resistant Staphylococcus aureus, 
methicillin-resistant Staphylococcus epidermidis, 
and Pseudomonas from analysis showed similar 
failure percentages between the two groups. The 
frequency of culture negativity and PJI with resis-
tant organisms was higher in the F-DAIR group. 
The percentages of eradication of methicillin-
resistant Staphylococcus aureus and Pseudomonas 
infection were much lower in the F-DAIR group. 
The main conclusion was that a failed previous 
DAIR led to higher failure percentages, lower 
functional results, and an increased risk of wound-
related complications [22].

1.3.2	 �Obesity

In 2014, Rodriguez-Merchan reported that 
although some articles (with low grade of evi-
dence) did not find that obesity adversely affected 
TKA outcomes, most found that obesity adversely 
affected TKA results [23]. Regarding complica-
tion rates and survival rates, obesity was demon-
strated to have a negative influence on outcome 
after TKA. The improvements in patient-reported 
result measures, however, were similar irrespec-
tive of BMI.  Regarding the impact of TKA on 
obese patients, an extra cost of $3050 has been 
reported per patient. Considering that 50% of the 
US population is obese and that 600,000 TKAs 
are implanted per year, the impact for the US 
health system could be as much as $915 million 
(300,000 × 3050). TKA in obese patients could 
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be justifiable because the functional improve-
ments appear to be equivalent to those of patients 
with a lower BMI.  However, in obese patients, 
the risk of complications is higher, and the pros-
thetic survival is lower. Moreover, TKA in obese 
patients has a significant impact on the health-
care system, which should be considered [23].

Tohidi et  al. analyzed 10-year mortality and 
revision after TKA in patients with morbid obe-
sity [24]. A total of 9817 patients were analyzed, 
aged 18–60 years, treated with primary TKA in a 
5-year period (2002–2007). Patients were fol-
lowed up for 10 years after TKA. Risk ratios of 
mortality and TKA revision surgery in patients 
with BMI > 45 (morbidly obese) compared with 
BMI ≤ 45 (nonmorbidly obese) were determined, 
making an adjustment for age, sex, socioeco-
nomic status, and comorbidities. Approximately 
10.2% (1001) of the group was morbidly obese. 
Patients with morbid obesity were more likely to 
be female than the nonmorbidly obese (82.5% vs. 
63.7%) and showed higher 10-year risk of death 
but were otherwise analogous in characteristics. 
Approximately 8.5% (832) of the patients had at 
least one revision surgical procedure in the 
10 years following TKA; the revision percentage 
did not vary by obesity. The main conclusion was 
that patients with morbid obesity ≤60 years had a 
50% higher 10-year risk of death but had no dif-
ference in the risk of revision surgery [24].

1.3.3	 �Diabetes Mellitus

Being younger and male, having various comor-
bid conditions or greater diabetic severity, getting 
care at regional or public hospitals, and not hav-
ing a diagnosis of degenerative or rheumatoid 
arthritis have been recognized by Tsai et  al. as 
risk factors postoperative PJI after TKA for 
patients with diabetes. As for the risk of RTKA, 
postoperative PJI and being younger were signifi-
cant risk [25]. This study examined the 2002–
2012 data from Taiwan’s National Health 
Insurance Research Database to conduct a retro-
spective cohort analysis of patients with diabetes 
older than 50 years of age who underwent TKA.

1.3.4	 �Pulmonary Disease

Gu et  al. published the influence of chronic 
obstructive pulmonary disease (COPD) on 
postoperative results in patients undergoing 
RTKA [26]. A retrospective cohort study was 
performed using data collected from the 
American College of Surgeons National Quality 
Improvement Program database. All patients who 
underwent RTKA between 2007 and 2014 were 
identified and stratified into groups based on 
COPD status. The percentage of complications 
after surgery was assessed with univariate and 
multivariate analyses where appropriate. Patients 
with COPD developed more postoperative 
adverse events, including deep wound infection, 
organ infection, wound dehiscence, pneumonia, 
reintubation, renal insufficiency, urinary tract 
infection, myocardial infarction, sepsis, and 
death. Patients with COPD also returned to the 
operating room and had extended hospital stays. 
COPD was demonstrated to be an independent 
risk factor for development of wound dehiscence, 
pneumonia, reintubation, renal insufficiency, and 
renal failure. COPD was also recognized as an 
independent risk factor for unplanned returns to 
the operating room. The main conclusion was 
that patients with COPD are at greater risk for 
wound dehiscence, pneumonia, reintubation, 
renal insufficiency, and renal failure complica-
tions in the postoperative period than those with-
out COPD.  Although risks for independent 
adverse events remain relatively low, consider-
ation of COPD status is an important factor to 
consider when selecting surgical candidates and 
evaluating preoperative risk [26].

1.3.5	 �Drug Abuse

Roche et  al. have published that patients who 
abuse drugs are at increased risk for RTKA [27]. 
The Medicare database within the PearlDiver 
Supercomputer (Warsaw, IN, USA) was queried 
to identify 2,159,221 TKAs performed during an 
8-year period (2005–2012). Drug abuse was 
subdivided into cocaine, cannabis, opioids, 
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sedatives/hypnotics/anxiolytics (SHAs), amphet-
amines, and alcohol abusers. There was a signifi-
cant increase in the number of primary TKAs in 
users of cocaine, cannabis, opioids, SHAs, 
amphetamines, and alcohol. Amphetamine users 
had the fastest mean time to revision (691 days). 
At 30  days, 90  days, and 6  months postopera-
tively, cocaine users had the highest proportion of 
patients requiring RTKA (7%, 12%, and 20%, 
respectively); and at 1  year postoperatively, it 
was abusers of alcohol (38%). PJI was the most 
common cause of RTKA in all drug abuse/drug-
dependent groups. Based on these outcomes, 
patients who abuse drugs are at increased risk for 
RTKA [27].

1.3.6	 �Opioid Use

Bedard et al. have found preoperative opioid use 
to be independently associated with a greater risk 
for early RTKA. Younger age, obesity, and smok-
ing were also associated with increased risk. 
These findings support efforts to reduce inade-
quate opioid prescribing [28]. The Humana 
administrative claims database was queried to 
identify patients who underwent unilateral TKA 
during a 9-year period (2007–2015). Patients 
were followed for the occurrence of an ipsilateral 
revision procedure within 2  years. Preoperative 
opioid use was defined as having an opioid pre-
scription filled within the 3  months before 
TKA. Age, sex, diabetes, obesity, chronic kidney 
disease, and anxiety/depression were also ana-
lyzed. A total of 35,894 primary TKA patients 
were identified, and 1.2% had had an RTKA pro-
cedure within 2 years. Some 29.2% of the patients 
filled an opioid prescription within the 3 months 
before TKA. Preoperative opioid users were sig-
nificantly more likely to undergo early RTKA 
(1.6% vs. 1.0%); preoperative opioid use, 
younger age, obesity, and smoking were associ-
ated with early RTKA [28].

Weick et al. found that preoperative opioid use 
was associated with higher readmission and revi-
sion rates in TKA [29]. This prognostic study 

(level IV of evidence) showed that preoperative 
opioid use was associated with significantly 
increased risk of early revision and significantly 
increased risk of 30-day readmission after 
TKA. This study illustrated the increased risk of 
poor results and augmented postoperative 
health-care utilization for patients with long-term 
opioid use prior to TKA.

Law et  al. have reported that cannabis use 
increases risk for RTKA [30]. A retrospective 
review of the Medicare database for TKA, RTKA, 
and causes was performed using Current 
Procedural Terminology and International 
Classification of Diseases ninth revision codes 
(ICD-9). Patients who underwent TKA were 
cross-referenced for a history of cannabis use by 
querying ICD-9 codes 304.30-32 and 305.20-22. 
Cannabis use was prevalent in 18,875 (0.7%) 
TKA patients, with 2419 (12.8%) revisions 
within the cannabis group. The revision rate was 
significantly greater in patients who used canna-
bis. Time to revision was also significantly 
increased in patients who used cannabis, with 
increased 30- and 90-day revision frequency 
compared with the non-cannabis group. Infection 
was the most common cause for revision in both 
groups (33.5% nonusers versus 36.6% cannabis 
users). Cannabis use can result in decreased 
implant survivorship and increased risk for revi-
sion within the 90-day global period compared 
with cannabis nonusers after primary TKA [30].

It has recently been reported that although 
opioids have been widely used for pain control 
following TKA, multiple level I and II studies 
have been published in recent years supporting 
the use of local infiltration analgesia and multi-
modal blood loss prevention approaches for 
improving pain control and accelerating recovery 
after TKA [31, 32]. In another recent report, 
Waldman et al. strongly recommended that insti-
tutions ensure non-opioid-based comprehensive 
pain management and multimodal and regional 
anesthesia strategies for TKA [33]. These 
approaches have been demonstrated to diminish 
opioid use, increase patient satisfaction, and 
shorten lengths of stay.

E. C. Rodríguez-Merchán et al.
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1.3.7	 �Smoking

In 2018, Bedard et al. investigated the potential 
impact of smoking on RTKA [34]. They found 
that smokers had a higher percentage of any 
wound complication (3.8% vs. 1.8%), deep PJI 
(2.5% vs. 1.0%), pneumonia (1.3% vs. 0.4%,), 
and reoperation (5.0% vs. 3.1%) compared with 
nonsmokers undergoing RTKA.  A multivariate 
analysis identified current smokers as being at a 
significantly increased risk of any wound compli-
cation and deep PJI after RTKA.  This study 
showed that smoking significantly augments the 
risk of PJI, wound complications, and reopera-
tion following RTKA.  The outcomes are even 
more exaggerated for revision procedures com-
pared with published effects of smoking on pri-
mary TKA adverse events [34].

Rodriguez-Merchan reported that orthopedic 
perioperative complications of smoking include 
impaired wound healing, augmented PJI, and 
poorest TKA outcomes [35]. The adoption of 
smoking cessation methods such as transdermal 
patches, chewing gum, lozenges, inhalers, sprays, 
bupropion, and varenicline in the perioperative 
period should be advised. Perioperative smoking 
cessation appears to be an efficacious method to 
diminish postoperative complications, even if 
implemented as late as 4 weeks before TKA [35].

1.3.8	 �Metal Allergy (Nickel 
Sensitization)

Lionberger et al. have investigated the potential 
role of metal allergy sensitization in RTKA [36]. 
They hypothesized that nickel sensitization plays 
a role in the pathology of failed TKA in patients 
with unexplained dissatisfaction. Thirty-two 
patients with symptomatic TKA without obvious 
mechanical findings were tested prior to revision 
surgery. Nineteen nickel-sensitized and 13 non-
sensitized patients were compared by cell counts 
of synovium surgical specimens for CD4+ and 
CD8+ cell lines. Patients were then revised with 
ceramic-coated implants. The nickel-sensitive 

patients showed a statistical increase in CD4+ 
reactivity compared with CD8+ reactivity. The 
ratio of CD4+/CD8+ T lymphocytes was 1.28 in 
nickel-sensitive patients versus 0.76  in the con-
trol. This study provided objective data via histo-
logical analysis in support of a nickel allergic 
sensitization in failed TKAs in which clinical 
and/or radiographic abnormalities might not be 
apparent [36].

Fröschen et al. have reported that the implanta-
tion of a cementless, hypoallergenic TKA might 
be a surgical treatment strategy in patients with 
evidence of allergies [37]. They reported six 
patients with aseptic loosening following TKA 
who underwent revision surgery after testing pos-
itive for benzoyl peroxide (BPO) hypersensitivity. 
After clarification of possible other causes of 
implant failure, epicutaneous testing was per-
formed, and the implants were replaced in a two-
stage procedure with cementless, diaphyseal 
anchoring, hypoallergenic (TiNb-coated) revision 
implants. Epicutaneous testing revealed a BPO 
allergy in all six patients and an additional nickel 
allergy in three of the six patients. There was no 
histopathological or microbiological evidence for 
a PJI. The clinical follow-up demonstrated a low 
level of pain with good function, a stable knee 
joint, and a proper implant position. Two implant-
specific adverse events occurred: femoral stress 
shielding 2 years postoperatively with no further 
need for action and aseptic loosening of the tibial 
stem with the need of revision 3 years postopera-
tively. The regression of complaints after RTKA 
with cementless and nickel-free revision implants 
suggested allergic implant intolerance [37].

1.3.9	 �Preoperative Valgus 
Deformity

In a prognostic study (level III of evidence), 
Mazzotti et al. have shown that preoperative val-
gus deformity has twice the risk of failure com-
pared with varus deformity after TKA [38]. A 
total of 2327 TKA procedures performed from 
2000 to 2016 were included in the study. A total 
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of 640 primary TKAs with a diagnosis of valgus 
deformity were evaluated, with a median follow-
up of 3.3 years; 1687 primary TKAs with a diag-
nosis of varus deformity were evaluated with a 
median follow-up of 2.5 years. Bi-compartmental, 
cemented, posterior-stabilized, fixed-bearing 
implants were preferred. For both diagnoses, the 
implant survivorship percentage was greater than 
98% in the first year. However, the survival curve 
of the TKAs implanted for valgus deformity 
showed a greater slope in the first 3 years com-
pared with the survival curve of those implanted 
for varus deformity. Valgus deformity had a 2.1-
fold higher risk for RTKA compared with varus 
deformity. Infection was a major cause of implant 
failure in TKAs for varus deformity (9/24, 
37.5%), whereas its rate was lower for valgus 
deformity (1/21, 4.8%) [38].

1.3.10	 �Hybrid vs. Standard 
Cemented Fixation

Gomez-Vallejo et  al. compared the results of 
RTKA with hybrid vs. standard cemented fixa-
tion in a level III of evidence study [39]. During 
the period 2000–2013, RTKA was performed on 
67 patients (29 cemented arthroplasty and 38 
hybrid fixation). The average follow-up was 
7 years (range 2–15). The main conclusion was 
that although the outcomes were analogous for 
the two groups, hybrid fixation tended to produce 
better outcomes than cemented fixation. In view 
of the risk of further loosening, these authors 
advised hybrid fixation [39].

1.3.11	 �Immediate Postoperative 
Mechanical Axis

In a 10-year follow-up study, Park et  al. investi-
gated whether immediate postoperative mechani-
cal axis is associated with the revision rate of 
primary TKA [40]. They evaluated the association 
between the immediate postoperative mechanical 
alignment of the lower limb and the frequency of 
RTKA by comparing an adequate mechanical axis 
group (within ±3° from neutral alignment) and an 

outlier group (>3° deviation from neutral align-
ment). The main conclusion was that restoration of 
neutral limb alignment resulted in a lower revision 
percentage and higher longevity in TKA. However, 
there were no significant differences in clinical 
results between the two groups [40].

1.3.12	 �Physical Activity

In a prognostic study (level III of evidence), 
Ponzio et  al. demonstrated that active patients 
have an elevated revision risk. The revision rate 
was higher for active patients (3.2%) compared 
with inactive patients (1.6%) at 5–10 years post-
operatively. Accordingly, active patients should 
be carefully counseled regarding TKA to give 
them an understanding of its limitations and the 
potential risk of future revision. Active patients 
were defined by a Lower Extremity Activity 
Scale (LEAS) level of 13–18 [41].

1.4	 �Conclusions

Aseptic loosening, periprosthetic joint infection 
(PJI), and periprosthetic fracture are the most fre-
quent causes of revision after total knee arthro-
plasty (TKA).  Other less common causes of 
revision TKA (RTKA) are instability, pain, poly-
ethylene wear, restriction of motion (arthrofibro-
sis), extensor mechanism insufficiency, mechanical 
defect, and metal allergy (nickel). Failed previous 
debridement, antibiotics, irrigation, and implant 
retention (DAIR) are related to higher failure per-
centages. Preoperative opioid use, younger age, 
obesity, and smoking are associated with early 
RTKA.  Risk factors for RTKA are preoperative 
valgus deformity (valgus deformity has a 2.1-fold 
higher risk for RTKA compared with varus defor-
mity), immediate abnormal postoperative mechan-
ical axis (>3° deviation from neutral alignment), 
and physical activity (the revision rate is higher for 
active patients [3.2%] compared with inactive 
patients [1.6%] at 5–10  years postoperatively). 
Active patients are defined by a Lower Extremity 
Activity Scale (LEAS) level of 13–18. Smokers 
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have a higher percentage of any wound complica-
tion (3.8% vs. 1.8%), deep infection (2.5% vs. 
1.0%), pneumonia (1.3% vs. 0.4%,), and reopera-
tion (5.0% vs. 3.1%) compared with nonsmokers 
undergoing RTKA. Patients who abuse drugs are 
at augmented risk for RTKA. Amphetamine users 
have the fastest mean time to revision (691 days). 
At 30 days, 90 days, and 6 months postoperatively, 
cocaine users have the highest rate of requiring 
RTKA (7%, 12%, and 20%, respectively); at 
1 year, it is alcohol abusers (38%). PJI is the most 
common cause of RTKA in all drug abuse/drug-
dependent groups.
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Revision Total Knee Arthroplasty: 
Surgical Technique

Carlos A. Encinas-Ullán, Primitivo Gómez-Cardero, 
and E. Carlos Rodríguez-Merchán

2.1	 �Introduction

The number of revisions of total knee arthro-
plasty (RTKA) cases is increasing. Moreover, we 
are seeing increasingly complex cases, which 
explains why RTKA is associated with a high 
percentage of complications and poor results. We 
must understand the underlying problem before 
we can fix the implant. Exploratory surgery in 
RTKA is contraindicated. RTKA is a two-step 
process: first, implant removal and second, joint 
reconstruction. However, the first process can 
compromise the second. The total time for revi-
sion should not exceed 60  min for component 
removal, 60  min for joint reconstruction, and 
30 min for adequate wound closure to minimize 
the risk of infection.

2.2	 �Optimal Exposure

It is important to plan and use the following step-
wise approach (Fig. 2.1).

2.2.1	 �Skin Incision

We must use the previous incision, avoiding close 
parallel incisions and skin bridges of >7 cm and 
an angle >60° to the old incision to avoid skin 
necrosis [1]. If there are multiple surgical scars, 
we will select the most recent scar, the one with 
the most lateral and vertical orientation (given 
the vascularization of the skin originates in the 
medial part of the knee). If there are fistulas, they 
should be removed together with the skin inci-
sion and all the way to the joint capsule.

If there are wide and immobile scars, a plastic 
surgery consultation is recommended. It is also 
important to note that the cutaneous blood supply 
travels from deep to superficial. Hence, a full 
thickness skin flap must be created and medial dis-
section performed in a subfascial plane, avoiding 
large lateral flaps. We use atraumatic retractors 
and avoid excessive skin retraction. Polyethylene 
extraction together with hyperflexion and external 
rotation of the knee also will decrease tension in 
the soft tissues. Additional skin techniques can be 
used with soft tissue expansion prior to RTKA [2].

2.2.2	 �Arthrotomy

We typically start with a long, standard medial 
parapatellar approach. A subvastus approach in 
RTKA is not recommended due to the difficulty 
of moving the patella laterally. After the arthrot-
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omy, we perform a release of the intra-articular 
scar and synovectomy to increase knee flexion. 
We release the suprapatellar pouch and the 
medial and lateral gutters. We also release peri-
patellar adhesions and the upper edge of the ante-
rior tibial tuberosity (TT). If there is significant 
tension in the patellar tendon, we perform an 
early lateral release from the inside out from the 
lateral aspect of the patella to the lateral aspect of 
the patella tendon to the TT. Patellar subluxation 
is usually adequate, and eversion is not needed; a 
surgical pitfall is to place a fixation pin in the 
medial insertion of the patellar tendon to prevent 
lateral avulsion. We perform an extensile medial 
tibial subperiosteal release (superficial medial 
collateral ligament, pes anserinus, posteromedial 
capsule, and semimembranosus insertion) to 
allow external rotation of the tibia and lateraliza-
tion of the TT.  If the extensor mechanism is 
adhered to the distal femur, a release is performed 
with complete elevation of the quadriceps mech-
anism. Avulsion of the patellar tendon can com-
promise knee function drastically and must be 
avoided; therefore, if tension persists, we will 
consider more extensile approaches to ensure 
adequate exposure.

2.2.3	 �Extensile Exposures

If the mobility of the knee is 70° or less, an 
extensile exposure is necessary. There are three 
classical techniques: proximal V-Y quadriceps-
plasty, quadriceps snip, and TT osteotomy (at the 
distal level).

The V-Y quadricepsplasty technique consists 
of sectioning the quadriceps tendon in an inverted 
V. Wound closure will be done in an inverted Y to 
lengthen the tendon and allow better flexion. 
Another alternative is the modified Insall tech-
nique, continuing the medial parapatellar inci-
sion of the quadriceps tendon in a 45° direction 
toward the superolateral angle of the patella. 
Patients often have an extensor lag that affects 
quadriceps strength and changes the postopera-
tive rehabilitation protocol. There is a risk of 
avascular necrosis of the patella if we injure the 
superior lateral geniculate artery. Our preference 
is the quadriceps snip technique because it is 
quick, easy, and there is no need to modify the 
postoperative rehabilitation protocol. It consists 
of extending the medial parapatellar approach 
through the quadriceps tendon with an angle of 
45° toward the vastus lateralis. It is performed 
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Fig. 2.1  Optimal exposure algorithm in revision total knee arthroplasty (RTKA)

C. A. Encinas-Ullán et al.



15

from distal-medial to proximal-lateral. It is an 
easy technique and with similar results to the 
classical medial arthrotomy in terms of strength 
and postoperative range of motion [3].

TT osteotomy is another alternative in 
RTKA. We use it when adequate exposure is not 
achieved after a quadriceps snip, if access to the 
tibial intramedullary canal is needed to remove a 
long-stemmed cemented tibial component, or 
when there is arthrofibrosis or patella baja. 
Typically, the bone fragment must be long (at 
least 6  cm is recommended) with the coronal 
osteotomy made from the medial side. If it is very 
long, there is a risk of tibial diaphysis fracture, 
and if it is short, we may have fixation problems. 
Proximally, the thickness should be approxi-
mately 1 cm for exposure of a stiff knee tapering 
distally to approximately 5 mm; if performed to 
aid in removal of a long-stemmed cemented tibial 
component, it should be thicker to allow better 
access to the tibial canal. It can be performed 
with an osteotome or oscillating saw, leaving a 
lateral periosteal and soft tissue hinge. To avoid 
the risk of diaphyseal fracture, we can perform a 
distal osteotomy, and to avoid proximal migra-
tion of the fragment, we can perform a proximal 
osteotomy to create steps of about 5 mm of tibial 

bone between the osteotomy and the proximal 
tibia. The fragment can be fixed with wires (three 
small drill holes are made in the lateral aspect of 
the bony fragment and three holes in the medial 
tibia approximately 1 cm posterior to the edge of 
the osteotomy and slightly distal) or at least two 
screws (to avoid possible fracture of the osteot-
omy fragment and placed into the tibial cortex in 
a divergent manner to avoid the tibial stem).

The tibial stems should bypass the distal part 
of the osteotomy by at least 2 cortical diameters 
to reduce the risk of fracture.

Postoperatively, if rigid fixation is achieved, 
we will allow full weight bearing and unrestricted 
mobility, avoiding active extension and straight 
leg raises. Other authors prefer to protect the 
repair with a hinged knee brace until the osteot-
omy heals (Fig. 2.2).

The following additional extensile exposures 
techniques can be used:

•	 Extensive femoral peel, complete subperios-
teal peel of the femur, including origins of col-
lateral ligaments.

•	 Medial epicondylar osteotomy.
•	 “Banana peel” patellar tendon off TT, leaving 

a lateral soft tissue hinge.

a b c

Fig. 2.2  (a) V-Y quadricepsplasty technique; (b) quadriceps snip technique; (c) lateral radiographs showing reduction 
of the tibial tuberosity (TT) osteotomy with wire fixation of the osteotomy fragment
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2.3	 �Component Removal

The position, rotation, and alignment of the com-
ponents should be assessed before component 
removal, with any deficiencies addressed and 
improved afterward. Component removal should 
be preplanned in a systematic fashion to prevent 
complications.

The objective is implant removal with bone 
stock preservation (preserving the intact cortical 
rims), avoiding fractures or diaphyseal perfora-
tion and soft tissue (ligaments, tendons, and cap-
sule) injuries.

Component removal is a critical step in a suc-
cessful RTKA.  We recommend the following 
sequential approach: polyethylene removal; fem-
oral component removal, creating additional 
space for removal of the tibial component; and 
patellar component removal if necessary 
(Table 2.1) [4].

The technique to remove a TKA is more inva-
sive when it is uncemented. The removal of con-
strained prostheses with intramedullary stems is 
more difficult than the removal of condylar 
implants. In general, both are more invasive for the 
femur than for the tibia. We must avoid damaging 
the underlying bone during component extraction.

2.3.1	 �Polyethylene

The surgeon must know which implant is in place 
and also its polyethylene block system, because 
manufacturer-specific tools for extraction may be 
required.

The polyethylene tibial insert is removed first 
to facilitate exposure of the TKA and the knee 
flexion. The removal of the polyethylene insert 
is usually easy and can be performed with the 
tip of a standard Hohmann retractor inserted 
between the polyethylene and the tibial compo-
nent and pulling the polyethylene forward and 
upward.

To remove a monobloc or an all-polyethylene 
tibial component, it is separated from the tibial 
surface by sectioning the pegs or the stem.

2.3.2	 �Cemented Femoral 
Components

Cemented femoral components are rarely loose; 
aggressive maneuvers to remove well-fixed 
implants should be avoided due to the risk of iat-
rogenic femoral shaft fracture, condyle fracture, 
or bony avulsion.

We recommended circumferentially releasing 
the periphery of the distal femur to achieve ade-
quate exposure and then proceed to remove the 
component. Initially, we divide the peripheral 
prothesis-cement interface with rigid osteotomes 
or an oscillating saw, always progressing to the 
central portions of the prothesis-cement interface 
parallel to the femoral component to avoid cut-
ting into the bone. First, the anterior femoral 
component from medial to lateral and proximal 
to distal, later the anterior chamfer and the distal 
femur; an alternative is to use a Gigli saw inserted 
from the top of the trochlea and advanced distally 
to the box or the pegs. Then continue to the pos-
terior chamfer and posterior condyle, taking care 
not to damage the collateral ligaments and soft 
tissues. Angled osteotomes are used to work from 
“inside out” in the femoral box.

For the proper extraction, we can hit the axis 
of the implant with a hammer and an impactor in 
the proximal part of the component. Alternatively, 
we can use a manufacturer-specific extractor 
(Fig.  2.3). The femoral component’s undersur-
face should be inspected to assess the amount of 
iatrogenic damage (Fig. 2.4). Finally, we remove 
the cement under direct vision and divide it into 
small sections.

Table 2.1  Instruments required for interface disruption 
in revision total knee arthroplasty (RTKA)

Hand tools Power tools
Osteotomes set (flexible 
and rigid, straight, curved, 
and angled)

Oscillating saw (section 
polyethylene)

Gigli saw High speed burrs (section 
metal, intramedullary 
cement)

Disimpaction punches Drills and trephines
Component extractors 
(universal and prosthesis 
specific)

C. A. Encinas-Ullán et al.
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2.3.3	 �Cemented Tibial Components

The tibial component is next. Tibial exposure is 
improved by moving it anteriorly, externally 
rotating it and releasing of the semimembranosus 
and the posterior capsule. For safe removal, 360° 
exposure of the tibial component is necessary. 

Cemented tibial components are removed by 
using the same principles as the femoral compo-
nent; osteotomes or an oscillating saw are used to 
cut beneath and parallel to the component, first 
on the anteromedial area and then on the postero-
medial area, which is the most difficult. Then we 
advance around the keel or pegs. Later, we 

a b

Fig. 2.3  Removal of the femoral component using direct impaction in the proximal part (a). Alternatively, a 
manufacturer-specific extractor may be used (b)

a b

Fig. 2.4  The femoral component’s undersurface is inspected to assess the amount of iatrogenic damage: (a) undersur-
face showing minimal bone loss; (b) undersurface showing significant bone loss
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continue to the lateral side, which is more dan-
gerous, taking care not to damage the patellar 
tendon. We must be careful in the posterolateral 
area to avoid bone stock loss during the removal. 
A Gigli saw can be used in the posterolateral 
area.

To achieve an adequate extraction, we can hit 
the anteromedial area of the implant with a ham-
mer and an impactor. Alternatively, we can use 
the “stacked osteotomes” technique, which con-
sists of inserting osteotomes, one on top of 
another, between the tibial bone and the compo-
nent to gently lift. Also, we can use a manufacturer-
specific extractor (Fig.  2.5a). The tibial 
component’s undersurface must be inspected to 
assess the amount of iatrogenic damage. Finally, 
we remove the cement under direct vision, divid-
ing it into small fragments (Fig. 2.5b).

2.3.4	 �Press-Fit Components

Removal of a porous-coated prosthesis can be 
difficult, especially when it has pegs designed for 
bone ingrowth. If the component cannot be 

removed with a specific or universal extractor, 
the union between the peg and the bone must be 
loosened. We can make a window in the femur 
(in the lateral walls of the intercondylar notch or 
in the condyles) and in the tibia (at a point as 
close as possible to the peg). Alternatively, we 
can use a microsagittal saw parallel to the tibial 
component to separate the metal backed from the 
pegs. It can be done freehand or using the tibial 
resection block with an extramedullary guide 
(maintaining the direction during the cut of the 
pegs). During metal cutting, the rest of the knee 
should be covered with compresses to prevent the 
introduction of metal debris, which could cause 
metallosis and/or synovitis.

2.3.5	 �Patellar Component

Patellar revision can be avoided if the patellar 
component is undamaged, well-fixed, well-
positioned, and compatible with the revision 
implant and in cases of aseptic RTKA. Appropriate 
patellar tracking is paramount to a successful 
revision. The majority of patellar components are 

a

b

Fig. 2.5  (a) Use a manufacturer-specific extractor to lift 
the baseplate off the tibial bone. Alternatively, try direct 
impaction under the anteromedial area of the implant, or 

use the “stacked osteotomes” technique. Finally, we 
remove the cement under direct vision (b)
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cemented all-polyethylene implants; we use the 
oscillating saw to cut between the cement and the 
component interface and section the peg-patellar 
component junction. The pegs and residual 
cement are then removed with a high-speed burr 
or a drill bit. Metal-backed and cementless com-
ponents are more difficult to remove. A high-
speed diamond-edged saw is then necessary. In 
order not to fracture the patella, lever movement 
of the component with osteotomes should be 
avoided.

2.3.6	 �Long-Stemmed Components

More and more often, revision prostheses are 
removed in which long stems have been used to 
achieve stability. We have learned the techniques 
of extraction of the stems from the extraction of 
femoral stems during revision total hip prosthe-
ses. In cases with a well-fixed stem component, 
we must make a window to liberate the stem 
using straight or curved osteotomes. At level of 
the femur, we create an anterior window using an 
oscillating saw or the combination of drill hole 
and an osteotome; the window must be 10–15 mm 
wide and almost as long as the stem. At the tibia, 
we will make a TT osteotomy. The window is 
then fixed with wires or metallic cables. To pre-
vent a stress riser, it is necessary to bypass the 
osteotomy with a stemmed revision implant in 
which the stem extends beyond the window by at 
least 2 cortical diameters.

2.4	 �Joint Reconstruction

The goals of RTKA are the following: achieve 
good alignment, restore the joint stability, and 
achieve a well-balanced revision construct with 
optimal fixation and minimized constraint.

2.4.1	 �Balancing

The adjustments made on the femoral side can 
affect the knee in flexion or extension, whereas 
adjustments on the tibial side will affect both. 

Reconstruction is performed using a three-step 
method: (1) recreate the flat tibial surface, (2) 
recreate the femur and rebuild the flexion space, 
and (3) rebuild the extension space [5].

2.4.1.1	 �Recreate the Tibia
The first step is to build a tibial base to facilitate 
gap balancing, because any change on the tibial 
side affects the flexion and extension gaps. We 
must create a flat surface perpendicular to the 
mechanical axis. The flat tibial surface should be 
close to the original height of the tibia. Often, 
only one condyle is intact, and it will be used for 
referencing. Treatment of tibia bone loss depends 
on its severity and consists of cement, metal aug-
mentation, modular cones, structural allograft, 
and proximal tibia replacement. To ensure the 
tibial component is in the proper rotation, we will 
use the TT and the anteromedial aspect of the 
tibia as reference points.

2.4.1.2	 �Recreate the Femur
The flexion gap should be evaluated. Femoral 
component sizing influences the flexion space by 
restoring the anteroposterior (AP) dimensions 
and the posterior condylar offset of the femur. 
Assess the femoral size from previous procedures 
or use the opposite side as a template. Posterior 
bone loss occurs almost always, so templating 
intraoperatively runs the risk of undersizing the 
femoral component. The epicondylar width of 
the femur also helps us select the appropriate 
femoral size. If we select an excessively small 
femoral component, there will be a failure to 
restore the posterior femoral offset, and it will 
compromise flexion stability. In general, in 
RTKA there is an asymmetric flexion gap, so an 
oversized femoral component can be used to bal-
ance the knee. Correct rotation of the femoral 
component is important for knee kinematics and 
patellar tracking. We determine the rotation with 
the transepicondylar axis. Generally, there is 
bone loss in the posterolateral condyle that 
requires augmentation to achieve correct rotation 
of the femoral component. In case of severe bone 
loss affecting the epicondyle, the tibial platform 
is used as a reference point for the rotation of the 
femoral component with the knee at 90° flexion.
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2.4.1.3	 �Rebuild the Extension Gap
Next, the knee should be brought to full exten-
sion to evaluate the extension gap. The distal 
femur position is key to restoring the distance 
from the joint line, distally and posteriorly. The 
distance from the epicondyles to the posterior 
joint line is similar to that of the distal joint line 
and is useful to confirm the correct size of the 
femoral component. It is important to restore the 
natural joint line in revision surgery, because the 
joint line is always more distal than it first 
appears.

There are various landmarks that can be used 
intraoperatively to assess whether the distal joint 
line has been restored: a prior meniscal scar, an 
average of 15 mm proximal to the fibular head, 
25 mm from the lateral epicondyle, and 30 mm 
from the medial epicondyle and 32 mm proximal 
to the TT.

Elevation of the joint line occurs when the 
bone lost from the distal femur is not recon-
structed and the defect is addressed by thickening 
the tibial insert. Use a thicker polyethylene than 
in primary TKA only if you have removed more 
bone from the tibia; in most cases, the polyethyl-
ene thickness should be between 10 and 15 mm. 
Polyethylene >15  mm correlates significantly 
with joint line elevation, worsens the clinical out-
come, and reminds us that thicker distal femoral 
augments, instead of thicker polyethylene inserts, 
should be used to restore the defects and the joint 
line [6]. Flexion and extension gaps must be 
equal and symmetric. We must release tight 
structures in the concavity.

2.4.2	 �Management of Bone Loss

Bone loss is always greater than the preoperative 
radiographs indicate [7]; multidetector computed 
tomography (CT) scans provide the most accuracy 
for assessing the grade of bone loss. The classifica-
tion of bone loss should be performed intraopera-
tively after component removal (Fig. 2.6).

Bone defects can be classified according to the 
following characteristics:

•	 Size: depth (<5 mm, 5–10 mm, >10 mm), per-
centage of condylar/plateau deficiency, depth 
relative to femoral epicondyle/tibial tubercle

•	 Location: central/peripheral, contained/
uncontained

•	 Geometry: symmetric/asymmetric, “ice cream 
cone”/“funnel”

The Anderson Orthopedic Research Institute 
(AORI) bone defect classification is the most 
practical and commonly used system. AORI 
establishes three types of bone defects for the 
femur (F1, F2, F3) and tibia (T1, T2, T3); each 
type is subdivided into “A” for one condyle or one 
side of the tibial plateau involved and “B” for 
bicondylar or total plateau involvement (Fig. 2.7) 
[7]. Type 1 presents an intact cortical bone with 
minor metaphyseal bone defects (small, cavitary 
or contained defects <5  mm); this type of bone 
defect will not compromise the stability of a revi-
sion prosthetic component. They are usually man-
aged using cement, cement, and screws or 
morselized allo-/autograft. Type 2 presents a loss 
of cortical bone with damaged metaphyseal bone 
that needs to be filled to restore the joint line. Type 
3 is deficient metaphyseal bone, with serious bone 
loss that involves a major portion of a condyle or 
a tuberosity, causing stability disorders due to the 
associated ligament injury (Table 2.2).

Fig. 2.6  Bone defects are evident after component 
removal
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Cementation is an inexpensive and easily per-
formed technique. The use of cement, either 
alone or in combination with screws, is recom-
mended for small bone defects such as AORI 
type 1. First, we perform a meticulous debride-
ment of all fibrous tissue, which impedes ade-
quate interdigitation of the cement and creates 
suboptimal fixation. Later we roughen the scle-
rotic bone surfaces with a small drill or a burr. 
Convert inclined surfaces into step-shaped sur-
faces to minimize shear and stabilize the cement. 
Defects less than 5  mm in depth may be filled 
with cement alone. If the defects are larger, tita-
nium screws are recommended to ensure there is 

no contact between the screw head and the pros-
thesis. This cementation technique is not recom-
mended for larger defects due to the risk of 
thermal necrosis and loosening.

Modular metal augmentation is a primary 
option for the reconstruction because of its exten-
sive modularity, quick and easy use, minimal 
resection, and ready availability. All RTKA sys-
tems include modular metal augmentation sys-
tems and have alignment and cutting guides to 
prepare the bone. Metal augmentation is a pre-
shaped system with various sizes and thick-
nesses; it generally has been recommended only 
for small (≤5 mm) to medium (≤10 mm) uncon-
tained bone defects (AORI type 2 or 3 defects). 
The use of metal augments requires a cutting 
guide with specific instruments on intramedul-
lary guides. They are wedges or rectangular 
blocks in the tibia. Our preference is to remove a 
bit more bone and convert a wedge-shaped defect 
into a rectangular-shaped one and to use rectan-
gular blocks, which are biomechanically stable 
and rigid. We use the intramedullary guide to 
align the tibial cut perpendicular to the mechani-
cal axis and reset 1–2 mm of bone and carve the 
exact size and shape of the augment. It is also 

F1 F3F2A F2B

T1 T3T2A T2B

Fig 2.7  Anderson Orthopedic Research Institute (AORI) classification of bone defects

Table 2.2  Management of bone defects in revision total 
knee arthroplasty (RTKA) according to their type

Type 1 Types 2 and 3
Cementation ± screw Modular metal augmentation

Porous titanium metaphyseal 
sleeves, porous tantalum 
metaphyseal cones

Bone grafting: 
autologous, allogenic, 
impactation

Structural bone allograft

Megaprosthesis/customized 
prosthesis
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important to determine the proper rotation of the 
tibial components, which is usually aligned with 
the medial third of the tibial tubercle so that the 
sagittal cut allows the augmentation block to sit 
in the correct rotation. Metal augments are fixed 
to the prosthetic components with screws or 
cement. These metal augments sit in healthy 
bone and provide good stability to the implant 
with the correct transmission of pressure. Metal 
augments do have a risk of fretting, radiolucent 
lines and corrosion (Fig. 2.8).

Bone grafting is an option; cancellous or 
structural bone grafts have certain problems such 
as nonunion, delayed union, late resorption, deep 
infection, a risk of disease transmission, graft 
fracture, and size and shape mismatches. Added 
time is required to make the graft. The use of 
allografts in revision TKA has unpredictable 
results.

In order to avoid these disadvantages in cases 
of major metaphyseal damage and loss of support 
(tibial and femoral bone defects of AORI type 2B 
and 3), the porous-coated sleeves and trabecular 
metal cones [8] are an alternative to megapros-
thesis/customized prosthesis or structural bone 
allograft. Studies of longer duration are needed to 
ascertain the survival rate of these implants.

Metaphyseal titanium tapered sleeves require 
sequential broaching and are implanted using the 
“press-fit” system. They allow a physiological 
load transfer and facilitate bone ingrowth for 
integrated components, achieving stable fixation 
[9] (Fig. 2.9).

Porous tantalum structural cones are a rela-
tively new indication. There are various shapes 
and sizes. The porous tantalum cone is carefully 
impacted into the tibial or femoral metaphysis 
with size-specific impactors. Tibial cones rein-
force the cortical rim and provide good support 
for the implant; additional augments can restore 
the alignment, and it is possible to add impacta-
tion bone grafts to interface defects. Femoral 
cones re-establish the metaphyseal bone, and 
additional femoral augments can restore the dis-
tal joint line and posterior condyles (Fig. 2.10). 
The rotation of the porous metal cone is indepen-
dent of the final rotation of the tibial and femoral 
components.

The tibial or femoral component is cemented 
to the cone, and a stem is attached to the intact 
diaphyseal bone, either with or without cement or 
uncemented. Clinical studies on porous tantalum 
structural cones have shown a low rate of aseptic 
loosening, intraoperative fractures, and infection 

Fig. 2.8  Distal and posterior femur and proximal tibia modular metal augmentation
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rates, with an optimal overall survival rate; how-
ever, they are difficult to remove, and there is a 
risk of fracture of the host bone [10].

Megaprosthesis or customized prostheses are 
an exceptional indication for the management of 
complex bone defects in RTKA (uncontained 
extra-articular bone loss). However, these 
implants are expensive, not versatile, take several 
weeks to manufacture, and have a risk of short-
term mechanical complications and infection 
(Fig. 2.11).

2.4.3	 �Fixation

The distal femur and proximal tibia can be 
divided into three anatomical zones in which fix-
ation can be achieved: zone 1, the joint surface or 
epiphysis; zone 2, the metaphysis; and zone 3, 
the diaphysis [11]. Morgan-Jones et  al. suggest 
that fixation is needed in two or more zones and 

a b

c

Fig. 2.9  (a) Preoperative anteroposterior (AP) radio-
graph showing a type IIA Anderson Orthopedic Research 
Institute (AORI) tibial defect; postoperative AP (b) and 

lateral (c) radiograph showing a cementless metaphyseal 
sleeve and stem construct

Fig. 2.10  Press-fit impaction of a femoral trabecular 
metal cone

2  Revision Total Knee Arthroplasty: Surgical Technique



24

emphasize the importance of preoperative plan-
ning and implant selection [11].

ZONE 1: The surface is often missing in revi-
sion and can be augmented with cement, bone 
grafts, or metal augments. Where augmentation 
is required, it is necessary to achieve fixation in at 
least one other zone. Zone 1 fixation can only be 
reliably achieved with cement.

ZONE 2: The metaphysis is often damaged or 
sclerotic. Sclerotic bone is not good for cement 
fixation. Metaphyseal fixation can be achieved 
using porous-coated sleeves and trabecular metal 
cones in this zone. The advent of metaphyseal 
fixation allows fixation closer to articulation and 
facilitates restoration of the joint line and greater 
control of rotation alignment of the components. 
Primary axial or rotational stability is achieved, 
and a long stem is not needed.

ZONE 3. This zone is the diaphysis. Fixation 
in zone 3 can be achieved with intramedullary 
stems. The optimal length and thickness of stems 
remain poorly defined. Stems may be cemented 
or uncemented. Offset stems allow better align-
ment of the implant with the metaphysis, espe-
cially at the tibial level (Fig. 2.12).

Debate continues regarding the use of 
cemented or uncemented stems. Cemented stems 
are indicated for patients with poor diaphyseal 
bone and a large canal diameter or for patients 
whose canal geometry does not allow a reliable 
press-fit for uncemented stems and those with 
sclerotic or damaged metaphyseal bone (which 
results in inadequate fixation, requiring an exten-
sion of cementing into the diaphyseal canal). 
Cemented stem fixation allows the use of shorter 
stems, provides immediate fixation, and allows 

a bFig. 2.11  Megaprostheses: 
(a) Lateral view; (b) 
anteroposterior view
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the use of antibiotics. However, cemented stems 
may also lead to stress shielding in the 
metaphysis.

Uncemented stems are preferred for patients 
with good diaphyseal bone and favorable canal 
geometry allowing a press-fit. Uncemented stems 
are also preferred for the management of peri-
prosthetic fractures (Fig.  2.13). Uncemented 
stems appear to have less stress shielding in the 
metaphysis.

Successful RTKA requires competent and 
functional ligaments; the absent medial collateral 
ligament (MCL) or lateral collateral ligament 
(LCL) must be compensated. Attempts to recon-
struct ligaments with grafts or rerouting of ten-
dons have had generally poor results. Therefore, 
we usually resort to more constrained implants.

A general principle is to use the minimal 
amount of implant constraint possible without sac-
rificing stability. This reduces stress transmission 

a bFig. 2.12  (a) Aseptic 
failed TKA. (b) An 
offset tibial 
intramedullary stem to 
allow better alignment 
of the implant with the 
tibial metaphysis was 
used
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to the cement-bone interface and theoretically will 
minimize the rate of aseptic loosening.

Use a graduated approach based on the integ-
rity of the collateral ligaments and soft tissue 
envelope. Posterior stabilization is an option 
when collateral ligamentous structures are intact. 
In most revisions, we use posterior-stabilized 
(PS) TKA because the posterior cruciate liga-
ment is no longer competent. As bone loss and 
ligamentous support become more compromised, 
it is also easier to change the PS tibial insert to a 
constrained design. Constrained condylar knee 
(CCK) are indicated for patients with insuffi-
ciency of the collateral ligaments (unstable for 

single plane) and moderate bone loss (type II). 
Rotating-hinge (RH) prostheses are indicated for 
patients with global instability (absence or dis-
ruption of the ligaments and unstable for biplane), 
severe bone loss (type III), some deficient exten-
sor mechanisms, revision of a previous hinge, 
comminuted periprosthetic fractures in the 
elderly, or for complex oncologic reconstruction 
(Fig. 2.14). The RH platform provides stability, 
more normal knee kinematics, less wear, and 
reduced stress transmission to the cement-bone 
interface. RH are less constrained than typical 
CCK varus-valgus constrained inserts; they rotate 
internally or externally allowing motion, while 

a b

Fig. 2.13  (a) Anteroposterior and (b) lateral radiographs of uncemented stems in revision TKA (RTKA)
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CCK implants often allow only 2° or 3° of rota-
tion [12–15].

2.4.4	 �Patella Reconstruction

We measure the bone remnant, and if its thick-
ness is 10–12 mm, it is adequate for implanting a 
new component cemented in a standard manner. 
Meticulous removal of fibrous tissue and good 
cementation technique are important. Patellar 
component reimplantation can be combined with 

the grafting of autologous bone from the bony 
cuts or iliac crest. If the remnant thickness is less 
than 8–10  mm of cortical bone, complications 
such component loosening, risk of fracture, or 
avascular necrosis are possible.

There are several options for the management 
of severe bone loss (Fig. 2.15):

•	 No resurfacing and/or patelloplasty (or resec-
tion arthroplasty); this implies the simple 
removal of the patellar implant with or with-
out reshaping of the remnant patellar bone 

a bFig. 2.14  (a) 
Anteroposterior and (b) 
lateral radiographs of 
revision total knee 
arthroplasty (RTKA) 
with a rotating-hinge 
(RH) design
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(Fig.  2.16). Patelloplasty might avoid 
complications.

•	 When an intact rim of bone remains but there 
is too much central cavitary bone, loss bicon-
vex implants can be used.

•	 Bone grafting reconstruction techniques to 
restore the bone stock. There are two tech-
niques: structural bone grafting or cancellous 
bone augmentation. In patients with prior pat-
ellectomy, a segment of iliac crest autograft is 

Resurfacing
>10–12mm

Bone graft
<10 mm

Trabecular metal augment
<6mm

Gull wing

No resurfacing/Patelloplasty Biconvex implants
8–12mm

Fig. 2.15  Options for the management of severe patellar bone loss

a

b

Fig. 2.16  Patelloplasty: (a) lateral view; (b) skyline view
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harvested and fashioned with shape of the 
patella [16], or we can use a tissue flap secured 
to the patellar rim to contain cancellous bone 
graft inserted into the patellar bone [17]. This 
technique of patellar bone grafting appears to 
be an important addition to the armamentar-
ium of surgeons performing RTKA.

•	 Trabecular metal augments allow filling of the 
central defect. The surgical technique consists 
of removing the patellar component and 
debridement of the fibrous tissue while main-
taining the bone ring. Next, we select the appro-
priate size and fix trabecular metal to the bone 
with nonabsorbable sutures through peripheral 
holes and then cement a standard polyethylene 
into the trabecular metal augment. If 50% or 
more of the implant is covered by residual bone 
stock, the result will be good [18].

•	 Osteotomy, which is a variation of patello-
plasty. Vince et al. [19] suggested a gull-wing 
osteotomy of the patella when further implant 
revision is not feasible; it is one variation of 
patelloplasty. The gull-wing osteotomy is a 
midline sagittal osteotomy made in the articu-
lating surface of the patella, converting a con-
cave thin patellar shell into a V-shaped patella 
to improve contour and tracking [20].

•	 Patellectomy, with generally poor clinical 
results in RTKA with a loss of strength 
(Fig. 2.17).

•	 Extensor apparatus allograft. Here, it is impor-
tant to follow some technical tips: screws are 
easier than wires to fix the tibial block; recess 
the bone block to fit into the tibia and self-
lock; and suture the graft into the quadriceps 
in extension; then perform rehabilitation 
slowly.

None of these techniques has been proven 
superior to the others [21].

2.5	 �Final Preparation

The bone surfaces are cleaned with pulsatile 
lavage. Then, we use a single-dose local infiltra-
tion analgesia (LIA) of 80  cm3 saline with 
adrenalin 300  μg, morphine sulfate 10  mg, 

tobramycin 100  mg, betamethasone sodium 
phosphate 6 mg, betamethasone acetate 6  mg, 
and ropivacaine 200 mg diluted with saline to a 
final volume of 80  cm3 [22, 23]. We use two 
batches of cement with antibiotic for each com-
ponent during the standard RTKA. We place a 
cement restrictor to prevent leakage of cement 
into the intramedullary canal. While there are no 
data comparing the use of a cement restrictor or 
not, it makes sense that more robust fixation can 
be achieved with an optimal cement mantle. We 
apply cement to the surface of the bone and the 
lower surface of the implant, creating a cement/
cement interface. After wound closure in 
patients without allergies or contraindications to 

Fig. 2.17  Patellectomy (lateral view)
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tranexamic acid (TXA), we use a low-volume 
formulation of intra-articular tranexamic acid, 
25 ml tranexamic acid (2.5 g), plus 20 ml saline 
to minimize blood loss [24].

2.6	 �Conclusions

The objective of revision TKA (RTKA) is similar 
to that of primary TKA: to restore alignment with 
a stable and securely fixed implant that will allow 
good functioning and reduce pain. RTKA is not 
technically easy. It requires special instruments 
that are not used in primary surgery, and multiple 
implant options are available. The surgeon needs 
to be meticulous and patient. Even with experi-
enced and well-prepared surgeons, complications 
and failures can occur. Using a stepwise approach 
in RTKA can minimize failures.

References

	 1.	Abdel MP, Della Valle CJ.  The surgical approach 
for revision total knee arthroplasty. Bone Joint J. 
2016;98-B(1 Suppl A):113–5.

	 2.	Santore RF, Kaufman D, Robbins AJ, Dabezies EJ Jr. 
Tissue expansion prior to revision total knee arthro-
plasty. J Arthroplasty. 1997;12:475–8.

	 3.	Meek RM, Greidanus NV, McGraw RW. The exten-
sile rectus snip exposure in revision of total knee 
arthroplasty. J Bone Joint Surg. 2003;85:1120–31.

	 4.	Bellemans J.  Implant removal in revision total knee 
arthroplasty. In: Scuderi GR, editor. Techniques in 
revision hip and knee arthroplasty. Philadelphia, PA: 
Elsevier; 2015. p. 64–9.

	 5.	Nett MP, Scuderi GR. Revision of aseptic failed total 
knee arthroplasty. Scott WN(Ed). In:  Insall and Scott 
surgery of the knee. New York, NY: Elsevier; 2018. 
p. 1897–915.

	 6.	Porteous AJ, Hassaballa MA, Newman JH. Does the 
joint line matter in revision total knee replacement? J 
Bone Joint Surg Br. 2008;90:879–84.

	 7.	Lei PF, Hu RY, Hu YH. Bone defects in revision total 
knee arthroplasty and management. Orthop Surg. 
2019;11:15–24.

	 8.	Zanirato A, Formica M, Cavagnaro L, Divano S, 
Burastero G, Felli L. Metaphyseal cones and sleeves 
in revision total knee arthroplasty: two sides of 

the same coin? Complications, clinical and radio-
logical results-a systematic review of the literature. 
Musculoskelet Surg. 2019; https://doi.org/10.1007/
s12306-019-00598-y.

	 9.	Fedorka CJ, Chen AF, Pagnotto MR, Crossett LS, 
Klatt BA.  Revision total knee arthroplasty with 
porous-coated metaphyseal sleeves provides radio-
graphic ingrowth and stable fixation. Knee Surg 
Sports Traumatol Arthrosc. 2018;26:1500–5.

	10.	Divano S, Cavagnaro L, Zanirato A, Basso M, Felli 
L, Formica M. Porous metal cones: gold standard for 
massive bone loss in complex revision knee arthro-
plasty? A systematic review of current literature. Arch 
Orthop Trauma Surg. 2018;138:851–63.

	11.	Morgan-Jones R, Oussedik SI, Graichen H, Haddad 
FS. Zonal fixation in revision total knee arthroplasty. 
Bone Joint J. 2015;97-B:147–9.

	12.	Rodríguez-Merchán EC, Gómez-Cardero P, 
Martínez-Lloreda Á. Revision knee arthroplasty with 
a rotating-hinge design in elderly patients with insta-
bility following total knee arthroplasty. J Clin Orthop 
Trauma. 2015;6:19–23.

	13.	Kouk S, Rathod PA, Maheshwari AV, Deshmukh 
AJ.  Rotating hinge prosthesis for complex revision 
total knee arthroplasty: a review of the literature. J 
Clin Orthop Trauma. 2018;9:29–33.

	14.	Bingham JS, Bukowski BR, Wyles CC, Pareek A, 
Berry DJ, Abdel MP.  Rotating-hinge revision total 
knee arthroplasty for treatment of severe arthro-
fibrosis. J Arthroplasty. 2019;34:S271–6. pii: 
S0883-5403(19)30117-2.

	15.	Rodriguez-Merchan EC.  Total knee arthroplasty 
using hinge joints: indications and results. EFORT 
Open Rev. 2019;4:121–32.

	16.	Buechel FF. Patellar tendon bone grafting for patel-
lectomized patients having total knee arthroplasty. 
Clin Orthop Relat Res. 1991;271:72–8.

	17.	Hanssen AD. Bone-grafting for severe patellar bone 
loss during revision knee arthroplasty. J Bone Joint 
Surg Am. 2001;83:171–6.

	18.	Ries MD, Cabalo A, Bozic KJ, Anderson M. Porous 
tantalum patellar augmentation: the importance 
of residual bone stock. Clin Orthop Relat Res. 
2006;452:166–70.

	19.	Vince K, Roidis N, Blackburn D.  Gull-wing sagit-
tal patellarosteotomy in total knee arthroplasty. Tech 
Knee Surg. 2002;1:106–12.

	20.	Gililland JM, Swann P, Pelt CE, Erickson J, Hamad 
N, Peters CL. What is the role for patelloplasty with 
gullwing osteotomy in tevision TKA? Clin Orthop 
Relat Res. 2016;474:101–6.

	21.	Putman S, Boureau F, Girard J, Migaud H, Pasquier 
G. Patellar complications after total knee arthroplasty. 
Orthop Traumatol Surg Res. 2019;105:S43–51.

C. A. Encinas-Ullán et al.

https://doi.org/10.1007/s12306-019-00598-y
https://doi.org/10.1007/s12306-019-00598-y


31

	22.	Rodriguez-Merchan EC. Single local infiltration anal-
gesia (LIA) aids early pain management after total 
knee replacement (TKR): an evidence-based review 
and commentary. HSS J. 2018;14:47–9.

	23.	Rodriguez-Merchan EC, Vaquero-Picado A, Ruiz-
Perez JS. Opioid-free total knee arthroplasty? Local 
infiltration analgesia plus multimodal blood-loss pre-
vention make it possible. HSS J. 2019;15:17–9.

	24.	Ortega-Andreu M, Talavera G, Padilla-Eguiluz 
NG, Perez-Chrzanowska H, Figueredo-Galve R, 
Rodiiguez-Merchan EC, et  al. Tranexamic acid in a 
multimodal blood loss prevention protocol to decrease 
blood loss in revision total knee arthroplasty: a cohort 
study. Open Orthop J. 2016;10:439–47.

2  Revision Total Knee Arthroplasty: Surgical Technique



33© Springer Nature Switzerland AG 2020 
E. C. Rodríguez-Merchán (ed.), Revision Total Joint Arthroplasty, 
https://doi.org/10.1007/978-3-030-24773-7_3

Revision Total Knee Arthroplasty: 
Complications and Results

Juan S. Ruiz-Pérez, Primitivo Gómez-Cardero, 
and E. Carlos Rodríguez-Merchán

3.1	 �Introduction

Primary total knee arthroplasty (TKA) has proven 
to be an effective alternative for the treatment of 
severe osteoarthritis with survival rates at 
10–15 years above 90% [1]. Changes in popula-
tion habits and a longer life expectancy have led 
to an exponential growth in the number of proce-
dures performed, with an estimated increase of 
673% from 2005 to 2030 and 600% (to >250,000 
operations) for revision arthroplasty with the 
consequent secondary economic impact on 
national health systems [2]. Although the overall 
annual rate of failure after primary TKA is low, 
the rate of revision total knee arthroplasty 
(RTKA) worldwide is increasing. Infection, 
mechanical loosening, instability, stiffness, and 
postoperative pain are the most common causes 
of RTKA, and all-component revision is the most 
common revision type performed. Typically, 
although not exclusively, RTKA carried out 
within 2–5  years after surgery usually corre-
sponds with cases of infection or instability, 
whereas long-term failures correlate more with 
aseptic loosening [3].

Reconstruction surgery in cases of revision is 
technically more complex, and it is essential to 

identify the cause of the primary failure. 
Obviously, prosthetic infection entails more dif-
ficulties and implies a greater health burden [4]. 
Preoperative studies should include, in addition 
to the clinical history seeking signs and symp-
toms to help identify the cause of the failure, 
radiological examinations [conventional standing 
anteroposterior and lateral radiographs, com-
puted tomography (CT) scans] to assess bone 
defects, serological tests blood tests with acute 
phase reactants [C-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR)], and previ-
ous aspiration of synovial fluid (culture) in cases 
of possible prosthetic infection. Once the etiol-
ogy of the failure is identified, planning the surgi-
cal technique is vital. Consideration should be 
given to aspects such as skin coverage, soft tissue 
status, bone stock, and integrity of both the liga-
ment and the extensor mechanism. The use of 
cemented or cementless stems, cones or sleeves, 
and augments can facilitate the reconstruction of 
the joint. Implant technology has been developed 
to address some of these problems, and the sys-
tems now available allow the use of various 
degrees of constriction and sizes.

Due to the complexity of knee arthroplasty 
revisions, the high percentage of complications 
and poorer results is not negligible compared to 
primary prostheses [5].
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3.2	 �Complications

Given the surgical technique of RTKA is longer 
and more complex than primary TKA, it has a 
greater risk of complications. Table  3.1 shows 
various studies with complication rates around 
12–63% [6–10]. In all of them, the implant used 
was a rotating-hinge prosthesis. From the surgi-
cal point of view, given the problem of soft tissue 
management and bone stock, we should use 
implants with constricted designs such as con-
strained condylar knee (CCK) prostheses or 
rotating hinges [11, 12].

In addition to surgical complications, we must 
also focus on medical complications. Comorbidities 
such as obesity and diabetes have been identified as 
independent risk factors for the appearance of pos-
sible postoperative complications.

The possibility that patients with class III obe-
sity [body mass index (BMI) > 40 kg/m2] have to 
be operated on TKA is 32 times higher than in 
normal weight individuals, so is the possibility of 
suffering postoperative complications in the con-
text of a revision surgery. Carter et  al. found a 
2.6× increased rate of early complications com-
pared to patients with a normal weight and a 
higher rate of wound complications (prolonged 
drainage) in the morbidly obese such as infection 

or cellulitis [13]. Roth et al. revealed a stronger 
association between BMI and perioperative com-
plications in RTKA as opposed to revision total 
hip arthroplasty (RTHA), showing that complica-
tion rates after revision total joint arthroplasty 
increased with BMI but only after a certain 
threshold [14]. Watts, in his study on aseptic revi-
sions, found that morbid obesity was clearly 
associated with reoperation, periprosthetic joint 
infection, and re-revisions compared with the 
control group [15].

The impact of diabetes is well-known and has 
been linked to an increased risk of mortality, sur-
gical wound infection, and periprosthetic joint 
infection. It is even considered an independent 
risk factor for revision due to both septic and 
aseptic failures [16]. Regarding the type of diabe-
tes, Gu et al. found a complication rate of 31% in 
patients with insulin dependence, compared with 
21.7% for patients not dependent on insulin and 
19.7% in patients without diabetes. Insulin-
dependent diabetes mellitus was associated with 
an increased number of serious complications 
following RTKA, such as septic shock and post-
operative blood transfusions [17]. This associa-
tion necessarily implies the need for strict control 
of perioperative glycemia, recommending a gly-
cosylated hemoglobin (HbA1c) at levels lower 
than 8.5  g/dL to prevent potential postsurgical 
complications [18]. In another study by Gu et al., 
they found that the male sex was shown to be an 
independent risk factor for an extended length of 
stay, infection, failure to wean from drugs post-
operatively, and sepsis. The female sex was a risk 
factor for urinary tract infections. The complica-
tion rate was reported to be 13.5% for men and 
10.3% for women [19].

Prevention of these complications might be 
fundamental to the success of the postoperative 
development after revision surgery.

The main surgical complications include deep 
or superficial infection, aseptic loosening, disrup-
tion of the extensor mechanism and patellar com-
plications, stiffness or arthrofibrosis, and 
periprosthetic joint fractures.

Regarding the resolution of this type of com-
plication in cases of primary infection, two-stage 
replacement continues to be the “gold standard.” 

Table 3.1  Complication rates for rotating-hinge designs 
in revision total knee arthroplasty (RTKA)

Authors Complications
Complication 
rate

Smith 
et al. [6]

Infection (24%), aseptic 
loosening (7%), 
periprosthetic fracture (5%)

63%

Baier 
et al. [7]

Infection (4%), aseptic 
loosening (6%), 
arthrofibrosis (7%), patellar 
complication (3%)

28%

Shen 
et al. [8]

Infection (12%), aseptic 
loosening (11%), patellar 
complication (2%)

22%

Farid 
et al. [9]

Infection (15%), aseptic 
loosening (16%), 
periprosthetic fracture (7%), 
quad/patellar tendon rupture 
(4%)

27–56%

Cottino 
et al. 
[10]

Infection (11%), aseptic 
loosening (2.5%), stiffness 
(2.5%)

12%
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Periprosthetic joint infection occurs in 8–10% of 
revisions. Vadiee et al. showed a general failure 
rate of 26% after a second two-stage arthroplasty 
and suggested that selected patients with accept-
able general health and a culture-sensitive micro-
organism typically result in a satisfactory 
outcome [20]. On the other hand, patients with S. 
aureus methicillin-resistant (SAMR) or polymi-
crobial infections should be evaluated consider-
ing options such as amputation or fusion 
(Fig. 3.1).

However, in recent years, multiple studies have 
advocated the strategy of one-stage revision with 
the following contraindications: significant soft 
tissue compromise, significant bone loss, or gen-
eralized sepsis [21]. In the case of acute infections 
of primary arthroplasties, various success rates 
have been reported with debridement, antibiotics, 
and implant retention (DAIR). Ottesen et al. noted 
in a recent study an overall success rate of 84% 
with a minimum follow-up of 2 years [22].

Aseptic loosening or instability may be 
resolved using implants with a higher degree of 
constriction with the help of augments, cone, or 
sleeves (Fig. 3.2).

Stiffness and arthrofibrosis are usually treated 
with rehabilitation programs, manipulation under 
anesthesia, open or arthroscopic debridement 
[23], and finally revision arthroplasty.

Extensor mechanism disruption is a devastat-
ing complication. In a recent review [24], recon-
struction of patellar tendon rupture has a much 
lower complication rate than repair. However, 
these techniques can lead to up to a 25% reinfec-
tion rate, rupture, and 44% extension lag. Newer 
techniques such a synthetic mesh augmentation 
(Fig.  3.3) and gastrocnemius rotational flap 
should be considered [25].

Periprosthetic fractures associated with knee 
arthroplasty can be managed conservatively or 
operatively with osteosynthesis (locking plates or 
intramedullary nail) or a knee revision system if 
the fracture compromises the stability of the 
implant. In the current literature, locking plates 
(Fig.  3.4) have shown better results than more 
traditional plates, even though in a recent meta-
analysis, no differences were found in terms of 
delayed union, operating times, and rates of 
complications between clinical results of locking 
plates and retrograde intramedullary nails [26].

a b c d e

Fig. 3.1  Patient with recalcitrant total knee arthroplasty 
(TKA) infection not cured after a two-stage revision total 
knee arthroplasty (RTKA) and requiring a knee arthrode-
sis. Phases from the failure of the primary prosthesis to 
the final fusion: (a) anteroposterior (AP) view of the 
infected primary TKA; (b) AP radiograph of the rotating 

hinge implanted (two-stage revision arthroplasty); (c) lat-
eral view of the rotating hinge; (d) the rotating hinge was 
removed because of the persistence of infection, and 
antibiotic-loaded cement and spacer were implanted; (e) 
definitive fusion with an intramedullary device
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a b c

Fig. 3.2  Polyethylene wear and instability resolved with a rotating-hinge prosthesis: (a) preoperative AP view; (b) 
postoperative AP view of the rotating hinge implanted; (c) postoperative lateral radiograph of the rotating hinge

a bFig. 3.3  Mesh 
augmentation of 
disruption of patellar 
tendon: (a) 
polypropylene mesh 
size; (b) definitive 
reconstruction

J. S. Ruiz-Pérez et al.



37

3.3	 �Results

Despite the development of new implants, better 
strategies for the management of antibiotics, and 
perioperative optimization of patients, the results 
of RTKA are slightly poorer compared to pri-
mary cases. Survival rates of revision surgery are 
reported to be approximately 80% at 10  years. 
Among them, survival of late revision arthroplas-
ties is significantly better than early revision 
(within 2  years), with revision failure rates of 
17% and 2%, respectively, according to 
Hardeman et al. [27].

Similarly, revisions carried out in the context 
of a septic case usually report poorer results. It is 
difficult to determine the success of this proce-
dure given the heterogeneity of the studies in 
terms of the causes of primary failure (partial or 
full components revision) and the implants used 
(posterior stabilized, hinged or inked implants, 
cemented or cementless). Rajgopal et  al. [28] 
suggest that revision knee arthroplasty for flexion 

instability secondary to an undersized femoral 
component or over-resection of bone from the 
posterior femoral condyles has poorer outcomes 
compared with those undergoing revision surgery 
for infection or aseptic loosening.

Implant failure and the subsequent need for 
revision continue to place a major economic bur-
den on healthcare [29]. In Table 3.2 we summarize 
the results of recent and classic studies available 
in the literature [3, 6, 7, 9, 10, 30, 31].

Lee et  al. [31] asserts that there has been a 
change in the trend of causes of knee revision. 
This trend is corroborated by current epidemio-
logical studies carried out in the United States. 
Six percent of TKA patients will need a revision 
within 5 years. Mechanical complications such as 
aseptic loosening and instability leading to revi-
sion have decreased, while septic failures seem to 
be increasing. In the study of Lee et al., clinical 
outcome scores such as the Knee Society score 
(KSS) were more satisfying in the aseptic com-
plication group at statistically significant levels. 

a bFig. 3.4  Periprosthetic 
fracture in rotating-
hinge prosthesis 
managed with a locking 
plate: (a) lateral view of 
the fracture, (b) AP view 
after fixing the fracture
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Lee et al. concluded that we should be watchful 
for infection after TKA and not ignore risk fac-
tors such as diabetes mellitus, smoking, malnutri-
tion, and older age.

From a surgical point of view, restoring the 
joint line is considered fundamental to achieving 
a good clinical outcome. Correction of align-
ment, balance of the flexion—extension gap—
and assurance of the correct patellar height 
should be kept in mind. Bone stock loss is a chal-
lenge for this reason. It is estimated that the joint 

line remains elevated by more than 5  mm in 
36–79% of RTKAs. Han et  al. [32] found that 
restoration of the distal femoral joint line was the 
only significant factor that increased postopera-
tive range of movement (ROM) of the knee after 
RTKA, while tibial joint line elevation or patellar 
height change showed no significant effect on 
ROM after surgery.

For severe bone stock loss management 
(Anderson Orthopedic Research Institute classi-
fication type 2 and 3), cement, long stem, metal 
augments, allograft, titanium sleeve, and trabecu-
lar metal cones can be alternatives to rotating 
hinged designs (Fig.  3.5). A systematic review 
[33] showed that porous metal cones and tita-
nium sleeves were effective for bone defect man-
agement during RTKA.

In terms of correction of alignment and diaph-
yseal fixation, there is still debate and comparison 
between cemented and cementless stems. Based 
on the available literature, no superiority of any 
type of stem fixation has been found. In terms of 
the rate of specific complications of aseptic loos-
ening or infection, no differences have been 
observed. Both cemented and cementless intra-
medullary stems fixations appear to have compa-
rable stability and durability [34]. In a recent 
review, the data support their equivalence. It is 

a b c d

Fig. 3.5  Severe bone stock loss solved with a rotating-
hinge prosthesis: (a) AP view of the implanted handmade 
cement spacer; (b) lateral view of the spacer; (c) AP view 

of the rotating-hinge prothesis; (d) lateral view of the 
rotating hinge

Table 3.2  Results and survival rates in revision total 
knee arthroplasty (RTKA)

Authors Results Survival rate
Smith et al. 
[6]

– 52% at 5 years

Baier et al. [7] KSS 
57 → 71

–

Farid et al. [9] KSS 
36 → 77

73% at 5 years, 51% at 
10 years

Cottino et al. 
[10]

KSS 
51 → 81

84.5% at 5 years, 71.3% at 
10 years

Hossain et al. 
[3]

KSS 
31 → 84

92.5% at 5 years

Deehan et al. 
[30]

KSS 
28 → 74

90% at 5 years

Lee et al. [31] KSS 
44 → 82

–

KSS = Knee Society score
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clear that no consensus can be achieved on these 
techniques [35]. Advantages and disadvantages of 
both types of fixation have been summarized by 
Kang et al. [36], and they noted that stem length 
and diameter should be individualized according 
to the patients’ anatomical characteristics. Most 
surgeons use a hybrid fixation, although in our 
institution, we prefer cemented stems given we 
are faced with cases with large bone defects, poor 
quality due to the age of our patients, the possibil-
ity of adding local antibiotic therapy to cement, 
and our consideration that the technique is more 
reproducible. Cement can be difficult to remove, 
especially in the context of infection. Currently 
there are novel systems available that allow their 
extraction more easily (Fig. 3.6).

Finally, one of the most important issues is the 
need to centralize the most complex cases in cen-
ters with the highest volume of revision to achieve 
better results with fewer complications and lower 
mortality. The Scottish Arthroplasty Project 

records that 30% of surgeons currently carrying 
out RTKA perform fewer than five a year. The 
cutoff point in terms of the number of annual sur-
geries to consider an orthopedic surgeon an 
expert in prosthetic revisions is controversial, 
although logically it requires a broad knowledge 
of anatomical references, implant design, and 
reconstruction options. On many occasions, a 
multidisciplinary team is needed with the collab-
oration of vascular and plastic surgeons, microbi-
ologists, and infectious diseases specialists [5, 
36].

3.4	 �Conclusions

Revision total knee arthroplasty (RTKA) is a 
challenge from the surgical point of view. The 
exponential increase in the demand for this type 
of procedure means orthopedic surgeons must 
understand the most frequent causes of primary 

a b c

Fig. 3.6  CEMOVER (A2C) system used to remove cemented stems in RTKA: (a) fragments of diaphyseal cement; (b) 
intramedullary stainless steel cylinders; (c) tibial component removed
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failure as well as the design of new implants and 
alternatives for the reconstruction of large bone 
defects. The ultimate objective is to achieve a 
functional joint, pain relief, and an acceptable 
prosthetic survival rate, taking into account the 
complexity of each case. Given the possible com-
plications and the desire to achieve the best 
results, it is best for this type of surgery to be 
carried out in large institutions with a high annual 
volume of cases and with the collaboration of a 
multidisciplinary team.
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4.1	 �Introduction

Total hip arthroplasty (THA) provides excellent 
long-term results. However, no implant will last 
forever, and with time it will need to be revised. 
The question of how long does a THA last is a 
frequently posed question in the medical litera-
ture and one that is often voiced by patients 
scheduled for a hip replacement [1]. The National 
Institute for Health and Care Excellence (NICE) 
requires a 95% survivorship at 10 years follow-
up for a primary replacement [2].

Revision procedures provide inferior results 
with lower survivorship than primary arthroplas-
ties and are at a higher risk for failure [3]. 
Revision patients are often elderly and fragile, 
with limited bone stock and debilitated soft tis-
sues. The surgeon faces challenging problems 
such as difficult component removal, previous 
scar tissue with complicated exposures, femoral 
deformities, component instability, prior fracture 
nonunions, and infection [4–7].

The number of hip revisions has been increas-
ing in recent years due to several causes [5]: the 
growing use of total hip arthroplasties across ever-
larger age groups, longer life expectancies, etc. 

The etiology of hip revision has evolved and dif-
fers between the numerous published studies and 
national registries. This reflects the variability in 
surgical practice in both primary and revision hip 
arthroplasty. Classically, aseptic loosening was 
the primary cause for revision [8]. According to 
the National Inpatient Sample (NIS) data, the 
most frequent causes for revision in the USA are 
instability and implant loosening, accounting for 
17.3% and 16.8% of procedures, respectively [9].

Registry data provide extensive information 
about the different etiologies of hip revision, ana-
lyzing patient characteristics (i.e., age, gender, 
American Society of Anesthesiologists (ASA), 
body mass index (BMI), activity levels, diagno-
sis), surgical technique (i.e., approach, type of 
fixation), and implant type (i.e., stem design, cup 
design, weight-bearing surface). The single vari-
able that is monitored in every registry is implant 
survivorship. Registries focus on patients who 
have undergone a revision, and data relates to dif-
ferent implants, patient characteristics, and surgi-
cal techniques employed. Quality data across 
different registries has been assessed: the capture 
rate must be over 95% of the procedures and with 
a low loss to follow-up [10].

The 25-year survivorship of THA for primary 
osteoarthritis, according to Australian and Finish 
registries, is 58% (95% CI 57.1–58.7) [1]. Many 
case series report higher survival rates of around 
70% at 25 years, which suggests some possible 
sources of bias. Case series usually come from 
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high-volume centers and high-volume surgeons, 
which are more prone to publishing favorable 
results [11]. Innovative surgeons with strong 
relationships with prosthetic industry manufac-
turers usually report better results than national 
registries [12].

Registries are limited by the data provided by 
too many different specialists. Most of the regis-
tries also lack clinical information such as 
reported pain and function of existing implants. 
Clinical information should include patient-
reported result outcome measures, validated hip 
clinical scores, hospital, and various implant-
related factors [13]. At present, there are regis-

tries in North America, Australia, and New 
Zealand and 24 registries in Europe (15 of these 
are national). Few registries record implant-
related complications or medical complications 
other than the ones in which revision surgery was 
required. In recent years, a greater interest in 
Patient Reported Outcome Measures (PROMs) 
now means these are being more frequently col-
lected. Table 4.1 summarizes the number of pro-
cedures, coverage, and variables recorded in 
some of the larger registries [2, 13–20].

Primary diagnosis affects the survivorship of 
THA.  Development hip dysplasia, inflammatory 
degenerative arthritis, osteonecrosis, and femoral 

Table 4.1  Overview of the most popular registries with the different outcomes reported in each of them

Registry (year)
Sweden 
(1979)

Finland 
(1980)

Norway 
(1987)

Denmark 
(1995)

Australia 
(1999)

NJR 
(2002)

THA primaries 267,714 206,379 190,298 149,154 437,863 992,090
THA revisions 24,447 40,649 31,515 23,430 66,467 27,605
Coverage 93% 95% 95% 97.5% 98.8% 97%
Outcomes
Revision X X X X X X
Mortality X X X X X X
Infection X X X X
Dislocation X X
Periprosthetic 
fracture

X

PROMs X X X
Readmission X X X X
Reoperation X X X
Costs X X
Patients
Age X X X X X X
Gender X X X X X X
BMI X X X X X
Diagnosis X X X X X X
Previous surgery X X
ASA X X X X X X
Charnley X X
Surgery
Type of hospital X X X X X
Volume X X X X X
Approach X X X X X X
Surg time X X X X
Antibiotics X X X X X
Anticoagulation x x x X X
Implant details X X X X X X
Fixation X X X X X X
Bearing surface X X X X X

The “X” indicates which registries collected that variable
NRJ National Joint Registry of England, Wales, and Northern Ireland
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neck fracture show less favorable results than pri-
mary osteoarthritis (OA) [21]. Primary OA consti-
tutes the main diagnosis in over 85% of patients 
who receive a total hip replacement. In OA, the age 
at the time of the index procedure is the key factor 
which predicts the lifetime risk of revision [22].

Implant selection plays a crucial role in joint 
survivorship. New implants have not always 
shown better results than existing ones. The 
Orthopedic Data Evaluation Panel provide 
records of implant survivorship at different times 
of follow-up, producing 3-, 5-, 7-, and 10-year 
revision rates. At present, it only provides revi-

sion rates pertaining to the constituent parts of 
the arthroplasty. The National Joint Registry of 
England, Wales, and Northern Ireland (NJR) 
found that 27% of hip implants introduced 
between 2003 and 2007 showed a higher revision 
rate than existing prostheses [23]. Registries 
allow the detection of suboptimal performance of 
new implants during the first years [19]. This 
monitoring helps prevent implant-related compli-
cations and aids the decision-making process 
when deciding which implant to use. Tables 4.2 
and 4.3 summarize the best-performing cemented 
and uncemented hip implants.

Table 4.2  Cumulative percent of revision of primary total conventional hip replacement with cemented fixation in the 
NJR and AOANJRR: Revision risk (%) for implants with at least one registry reporting 10-year data

Stem-cup Number Registry 5 years 10 years
MS-30/low-profile Müller 3534 NJR 0.75 (0.4–1.1) 1.72 (1.1–2.6)

721 AOANJRR 1.4 (0.7–2.7) 2.9 (1.7–4.8)
Exeter V40/contemporary 77,380 NJR 1.29 (1.2–1.3) 2.34 (2.1–2.5)

5513 AOANJRR 3.6 (3.1–4.2) 6.3 (5.5–7.4)
Charnley/Charnley 4560 NJR 1.74 (1.3–2.1) 3.47 (2.9–4.1)

591 AOANJRR 2.2 (1.2–3.8) 6.2 (4.4–8.8)
CPT/ZCA 14,872 NJR 2.02 (1.7–2.3) 3.62 (3.1–4.1)

951 AOANJRR 2.8 (1.9–4.2) 5 (3.5–7.2)
Stanmore/Stanmore-Arcom 5382 NJR 1.54 (1.2–1.9) 2.42 (1.9–3)

Only data of stem-cup combinations that did not mix different manufacturers are displayed. The number of implants and 
revision risks at 5- and 10-year follow-up are presented
NRJ National Joint Registry of England, Wales, and Northern Ireland, AOANJRR Australian Orthopedic Association 
National Joint Replacement Registry

Table 4.3  Cumulative percent of revision of primary total conventional hip replacement with uncemented fixation in 
the NJR and AOANJRR: Revision risk (%) for implants with at least one registry reporting 10-year data

Stem-cup Number Registry 5 years 10 years
Taperloc/Exceed ABT 22,851 NJR 1.83 (1.6–2) 2.16 (1.9–2.4)

2270 AOANJRR 2.4 (1.9–3.2)
Furlong/CSF 17,173 NJR 2.15 (1.9–2.3) 3.6 (3.3–3.9)
Summit/Pinnacle 4688 AOANJRR 2.3 (1.9–2.8) 3.3 (2.7–4.1)
Corail/Pinnacle 137,857 NJR 2.44 (2.3–2.5) 5.96 (5.7–6.2)

42,405 AOANJRR 3.4 (3.2–3.6) 5.6 (5.1–6.4)
Accolade/Trident 26,073 NJR 2.61 (2.4–2.8) 4.46 (4–4.9)

9288 AOANJRR 3.8 (3.4–4.2) 5.7 (5.2–6.2)
Synergy/Reflection 7966 AOANJRR 2.7 (2.4–3.1) 4.0 (3.6–4.5)
Alloclassic/Allofit 5791 AOANJRR 3.1 (2.7–3.6) 5.4 (4.8–6.1)
Securfit/Trident 9642 AOANJRR 3.4 (3.1–3.8) 4.6 (4.1–5.1)
SL Plus/Epifit 5402 NJR 3.78 (3.2–4.3) 5.83 (5.1–6.6)

2300 AOANJRR 3.5 (2.8–4.3) 5.4 (4.5–6.5)

Only data of stem-cup combinations that did not mix different manufacturers are displayed. The number of implants and 
revision risk at 5- and 10-year follow-up are presented
NRJ National Joint Registry of England, Wales, and Northern Ireland, AOANJRR Australian Orthopedic Association 
National Joint Replacement Registry

4  Revision Total Hip Arthroplasty: Epidemiology and Causes



46

4.2	 �Epidemiology

The prevalence of hip revision surgery has 
increased due to the growing number of patients 
with a total hip arthroplasty. The burden of revi-
sion total hip replacement has remained constant 
despite advances in implant design and the 
diminished wear of new polyethylenes. Hospital 
stay, inpatient complications, and mortality have 
diminished in recent years. However, the rate of 
perioperative complications in revision surgery 
has grown. According to NIS data, the proportion 
of primary and revision hip arthroplasties has 
remained constant between 2006 and 2010 (85% 
primary THA versus 15% revision THA). 
Revision arthroplasty was performed more fre-
quently in teaching hospitals with lower compli-
cation rates but with longer lengths of stay [24]. 
However, in more recent years, there has been a 
gradual increase in the number of patients revised 
due to infection or for recurrent dislocation [25].

Differences in clinical practice between indi-
vidual Scandinavian countries have been studied. 
Fifteen-year survivorship in Norway, Sweden, 
Finland, and Denmark was compared. There 
were important differences in survivorship values 
between the four countries, with a lower revision 
risk in Sweden [17]. Comparing geographically 
distant countries such as the USA, Sweden, and 
Australia, the data has also shown a higher sur-
vival rate in Sweden, with lower BMI and ASA 
values for the patients who underwent a THA for 
OA.  With regard to implant choice, cemented 
fixation, metal on conventional polyethylene, and 
smaller head sizes were more prevalent in 
Sweden than in the USA or Australia [10].

There are racial disparities in the access to 
revision surgery among the African-American 
population, these having fewer opportunities to 

undergo a primary or a revision hip arthroplasty 
[9]. This disparity has also been evidenced by 
higher complication and readmission rates fol-
lowing joint arthroplasties in African-American, 
Asian, Hispanic, and mixed-race patients in 
American hospitals [26].

Over time the range of causes for revision has 
changed. In 1999, in the Swedish Registry, asep-
tic loosening accounted for almost 70% of the 
revisions. In 2017, loosening still remained the 
primary cause but with a smaller proportion. 
Infection is the second largest cause, accounting 
for one-quarter of revisions [15]. In the USA and 
Australia, dislocation during the first 5 years of 
follow-up has become the most frequent reason 
for revision. It must be noted, however, that oste-
olysis is reported separately from loosening in 
those series, which may lead to underreporting of 
aseptic loosening [9, 21]. Countries where 
cemented fixation was more prevalent showed a 
lower revision rate for periprosthetic fractures 
[21, 27]. In the NJR, due to the use of metal on 
metal bearing in the UK, 16.7% of the revisions 
were for adverse soft tissue reactions and particu-
lar debris [27]. Table 4.4 reports most prevalent 
revision cause in the different registries.

Patient age affects the cause of revision. Older 
patients are less likely to be revised. They may 
not survive long enough to be revised, and they 
present inferior activity levels and wear than 
younger patients. In younger patients, acetabular 
or femoral loosening and polyethylene wear are 
the major causes for revision [4, 15]. The 
Australian Registry in its latest report analyzes 
the group of patients over the age of 80. Although 
30-day and late mortality were higher than in 
younger patients, 80% of the THA in the 
80–90-year-old group and 60% of the THA in the 
>90-year-old group are still alive at 5  years 

Table 4.4  Most frequent revision causes in the hip registries of Sweden, Australia and the Registry of England, Wales, 
Northern Ireland and the Isle of Mann

Registry Year Aseptic loosening Instability Infection Periprosthetic fracture
Sweden (SHAR) 2017 44.6% 13.6% 25.6% 10.5%
Australia (AOANJRR) 2018 25% 21.1% 18% 20.3%
England, Wales, North Ireland, Man (NJR) 2018 24.2% 16.8% 14% 13.4%

SHAR Swedish Hip Arthroplasty Registry, AOANJRR Australian Orthopedic Association National Joint Replacement 
Registry, NRJ National Joint Registry of England, Wales, and Northern Ireland

R. Fernández-Fernández et al.
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follow-up. Fracture is the main reason for revi-
sion in that age group and is associated with 
cementless fixation [21].

4.3	 �Causes of Revision

4.3.1	 �Aseptic Loosening

Persistent pain is the reason for revision in most 
patients. Pain is rarely reported as the sole cause 
of revision in arthroplasties. It is generally asso-
ciated with another cause such as loosening or 
infection [27]. Aseptic loosening is the primary 
cause for revision in most of the registries and 
THA cohorts. Loosening remains a concern, 
there being factors related to implant design and 
wear, together with factors related to patient 
susceptibility (Figs. 4.1 and 4.2) [4, 9, 10, 13–16, 
18, 20, 21, 27, 28].

Both cemented and uncemented implants 
loosen. The outcome with respect to fixation 
method varies with age. In patients under 65 years 
of age, cementless fixation provides equal results. 
In older patients, cementless fixation has a higher 
revision rate than hybrid or cemented fixation [21].

Male sex and a high activity level [University 
of California, Los Angeles (UCLA), score >9] 
are risk factors for aseptic loosening. Patients 
should be encouraged not to practice contact 
sports [8]. A higher level of activity would accel-
erate the development of wear particles. These 
particles generate an inflammatory response with 
osteoclast activation, bone resorption, and oste-
olysis [29]. Prostheses in young patients are 
mainly revised for femoral or acetabular loosen-
ing and wear [4].

When polyethylene wear rates exceed 0.1–0.2 
per year, the risk of periprosthetic osteolysis and 
its related complications increase. Conventional 

a b c

Fig. 4.1  Fifty-eight-year-old man presented groin pain 
18  years following uncemented THA.  Loosening of the 
acetabular component with a large area of osteolysis (a). 
Revised with a trabecular metal augment and a trabecular 

metal cup with a good restoration of the hip center (b). 
Two-year follow-up plain X-ray with good integration of 
the prosthesis (c)

a bFig. 4.2  Radiograph of 
a resurfacing 
arthroplasty at 7 years 
postoperatively, showing 
loosening of the femoral 
component (a). The 
surgery showed 
important soft tissue and 
bone resorption due to a 
pseudotumor around the 
joint requiring impacted 
bone grafting and a 
cemented cup (b)
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polyethylene presented wear revision rates of 
around 12–14% at 15  years follow-up [30]. In 
2001, highly cross-linked polyethylene (HXLPE) 
was introduced into orthopedic practice. Its use 
has reduced wear rates and the risk of revision for 
aseptic loosening, especially in younger patients 
[4, 31]. Bryan et al. compared traditional ultrahigh-
molecular-weight polyethylene (UHMWPE) with 
HXLPE, at 15 years follow-up. In the non-HXLPE, 
they reported 0.23 mm/year of wear with 70% of 
osteolysis and 10% of wear for revisions. On the 
other hand, there was no wear-related revision 
detectable or osteolysis in the HXLPE group [4, 
32]. However, nowadays, despite the improved 
wear-reducing properties of modern HXLPE, 
osteolysis generated by polyethylene debris parti-
cles remains the main cause of loosening and the 
reason for revision hip arthroplasty.

4.3.2	 �Instability

Instability has become the principal cause of 
revision in the USA [27]. The incidence of 
dislocation after revision surgery is higher than in 
primary surgery [7, 33–35]. Dislocation is multi-
factorial and is associated with implant position-
ing, approach, soft tissue balance, and 
patient-related factors (gender, diagnosis, alco-
holism, neuromuscular problems) (Fig.  4.3). 
Current trends to prevent dislocation include the 
use of a direct anterior approach, a larger femoral 
head, or dual-mobility components [7].

Dislocation is more frequent in older patients 
due to poorer muscular balance and deteriorated 
soft tissues. When dislocation occurs closer to 
the primary THA, there is a higher success rate 
with conservative treatment. Late dislocations 
usually become recurrent and require revision 
surgery [36].

The direct anterior approach (DAA) has 
gained popularity in the last decade. DAA offers 
earlier functional recovery with lower rates of leg 
length discrepancy and lower postoperative dis-
locations [37]. However, DAA requires a learn-
ing curve of about 50 cases, and both 
intraoperative and postoperative complications 
are not infrequent [38]. There are concerns relat-

ing to the association between DAA and higher 
revision rates of the femoral component [39].

Bigger heads provide a bigger head-neck ratio 
and a greater jump distance, hence preventing 
head dislocation. The problems of a larger head 
are the increased forces in the trunnion and higher 
volumetric wear [40]. However, 32-mm head 
arthroplasties have reduced the revision risk 
compared to 28-mm head THA due to a lower 
incidence of dislocation. No differences in the 
dislocation rate were seen between 32- and 
36-mm heads. Furthermore, the risk of revision 
for all reasons is higher in metal on polyethylene 
when a 36-mm head is employed [41].

Dual-mobility cups prevent dislocation in pri-
mary and revision THA. Developed in France, its 
use is popular in revision surgery, being used in 
two-thirds of hip revisions. In the USA, according 
to the American Joint Replacement Registry 
(AJRR), dual mobility is employed in 7% of pri-
mary THA and in 20% of revisions [28]. In a sys-
tematic review of studies employing dual-mobility 
constructs, during primary procedures, the odds 
ratio for dislocation was four times greater in con-
ventional THA compared to dual mobility (95% 
CI 1.7–9.7, p < 0.01). In revision surgery, the risk 
of dislocation was three times higher in the con-
ventional group (95% CI 2–6.56, p < 0.01) [35].

Patients operated on for lumbar spine fusion 
present a higher dislocation risk of around 4% 
and a 7.5–10.6% revision rate due to instability. 
The sequence has an impact on dislocation and 
the need for revision surgery. Patients with a pre-
vious fusion had a 46% higher dislocation risk 
than patients who received a lumbar fusion 
5 years after a THA [42].

4.3.3	 �Periprosthetic Fracture

Periprosthetic femoral fracture is the third major 
cause for revision surgery, with an incidence 
ranging from 0.1% to 2.1% (Fig. 4.4) [43]. Aging 
populations and an increased number of THAs 
are increasing this incidence. The Vancouver 
classification assesses stem stability and fracture 
pattern [44]. Some registries do not include peri-
prosthetic fractures managed with open reduction 
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and internal fixation (ORIF), which do not require 
revision of the femoral component, so they may 
be underreported in these registries [43].

Some risk factors for periprosthetic fracture 
are patient-related, such as age, sex, poor bone 
quality, activity level, and a previous diagnosis of 
femoral neck fracture or inflammatory arthropa-
thy. Other factors are related to surgery (femoral 
cortical defects, previous hardware removal, 

varus position of the stem, etc.) [45]. The type of 
implant plays a crucial role. Uncemented 
implants present a higher incidence of peripros-
thetic fractures, especially those designs with 
single- or double-wedge morphology. In 
cemented implants, fractures were more common 
in “force-closed” stems such as the Exeter 
(Stryker) stem than with “shape-closed” stems 
such the SPII Lubinus (Waldemar Link) [46, 47].

a b

c d

Fig. 4.3  Sixty-seven-year-old male patient who under-
went bilateral THA for primary OA (a). The patient suf-
fered a left hip dislocation 7  years from the primary 
surgery managed with closed reduction (b). The patient 

presented two recurrent dislocations. The acetabular com-
ponent was revised to a dual mobility construct (c). Two-
year follow up X-ray of the revision arthroplasty (d)
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A correct classification, with a correct differ-
entiation between B1 and B2 fractures, is criti-
cal. Medical records of previous thigh pain, 
follow-up x-rays, and computed tomography 
(CT) CT scans are often required [48]. The 
Swedish Registry reported a high failure of sup-
posed B1 fractures managed with ORIF. Fractures 
managed with a single plate or cerclage wires 
accounted for between 34% and 44% of failures 

and need for reoperation [49]. Corten et al. rec-
ommend testing stem stability intraoperatively 
before trying to fix the fracture [50]. Stem revi-
sion provides better functional results due to ear-
lier mobilization and weight bearing compared 
with ORIF.  Surgeons with extensive manage-
ment skills in traumatology and hip revision 
procedures obtain better results in these complex 
cases [51].

a b

c d

Fig. 4.4  Sixty-eight-year-old woman, with a left unce-
mented THA for primary OA (a). Sustained a B2 peri-
prosthetic femoral fracture with stem subsidence (b). 

Revised with a long uncemented diaphyseal fixation stem 
(c). Three years postoperatively with union of the fracture 
and good clinical and radiologic result (d)
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4.3.4	 �Infection

Infection is the most devastating complication of 
a total hip replacement (Fig. 4.5). Infection rates 

are between 0.7% and 3% after a primary THA 
[52]. It is a growing cause for hip revision, 
accounting for between 14% and 24% of these 
[9, 15, 27]. Patient-related risk factors for 

a b

c d

Fig. 4.5  Seventy-three-year-old male patient, revised 
with a cemented constrained liner for recurrent disloca-
tion (a). Presented a periprosthetic joint infection caused 
by Staph epidermidis. Managed with a two-stage revision 

surgery, without spacer (b). Revised with a dual-mobility 
acetabular component and an uncemented revision stem 
(c). One-year follow-up X-ray after the revision surgery 
(d)
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infection are numerous and include the presence 
of inflammatory conditions, obesity, comorbidi-
ties that cause immunosuppression, a history of 
intravenous drug abuse, skin problems, and pre-
vious infection of the surgical site. Risk factors 
related to surgery include prolonged surgical 
times and the need for multiple blood transfu-
sions. The Musculoskeletal Infection Society has 
developed major and minor criteria for the diag-
nosis of periprosthetic joint infection (PJI) [53].

A correct diagnosis of PJI is mandatory in 
order to ensure an effective treatment. 
Management of this complication is complex and 
requires a multidisciplinary approach. Pain and 
stiffness are the most frequent patient-reported 
symptoms. In the physical exam, excessive 
warmth, redness, swelling, and effusion in the hip 
region or the presence of a sinus tract indicate 
PJI.  Radiological evidence of PJI includes pro-
gressive radiolucent lines with bone resorption, 
calcifications, or early loosening. Erythrocyte 
sedimentation rate (ESR) and serum C-reactive 
protein (CRP) levels are the most common lab 
tests used to rule out infection prior to a revision 
surgery. Both tests have a high sensitivity and 
specificity. An ESR of under 30 mm/h or a CRP 
below 10  mg/L, in the absence of infection-
specific clinical features, can rule out infection 
[54]. Selective hip aspiration can be carried out if 
both CRP and ESR levels are elevated, though 
this may yield false-negative results [33]. 
Multiple intraoperative cultures are also required 
if a possible PJI is suspected [33]. Leucocyte 
esterase has proven its sensibility and efficacy in 
detecting synovial fluid infection, thus enabling 
an intraoperative diagnosis [55].

Two-stage revision surgery is the standard of 
care for PJI. It requires a prolonged hospitaliza-
tion period with elevated costs, multiple opera-
tions, and impairs patient function. However, an 
infected THA can be managed successfully with 
a single-stage revision; but some premises are 
required: good patient conditions, an absence of 
comorbidities or immunosuppression, adequate 
soft tissues, and bone stock. The infection must 
not be polymicrobial, and a known pathogen 
must exist, together with a good antibiotic 
sensitivity [56].

Two-stage revision has traditionally been the 
preferred method of managing PJI with success 
rates of around 90% [57]. Several centers advo-
cate single-stage revision, which carries inferior 
costs, is less traumatic for the patient, and pro-
vides better functional outcomes [56]. Between 
1979 and 2015, 80% of the revisions performed 
in Sweden for infection were two-stage proce-
dures. However, the percentage of single-stage 
revisions increased in the last 5 years. There was 
no difference in the risk of re-revision due to 
infection for any cause between one-stage and 
two-stage revisions [58].

Hip abductor function deteriorates after two-
stage revision. There is a 10% dislocation risk at 
5 years following two-stage revision. A trochan-
ter or abductor deficiency generates a signifi-
cantly higher dislocation risk, especially if a 
megaprosthesis is used to reconstruct the proxi-
mal femur. When a dual-mobility construct is 
employed, the risk of hip dislocation is over three 
times lower [34].

4.3.5	 �Revision of Metal on Metal 
Hip Arthroplasty

Metal on metal (MoM) was thought to be an effec-
tive bearing surface with reduced wear. It allowed 
for larger-sized femoral heads with a greater physi-
ological range of motion and lower dislocation risk. 
Metal-on-metal arthroplasty peaked in the year 
2008. High failure rates were reported thereafter, 
and the threshold changed to conventional bearing 
couples. Registry data from the Australian 
Orthopedic Association National Joint Replacement 
Registry (AOANJRR), and confirmed by the NJR, 
highlighted the elevated revision rates of the ASR 
resurfacing and ASR XL acetabular system implants 
(DePuy Orthopedics). This led to a recall of the 
ASR implants [19, 21, 27].

Local adverse reaction to metal debris (ARMD) 
is one of the reasons for revising a metal-on-metal 
arthroplasty. Similar secondary adverse effects 
have also been reported with metal modular junc-
tions in modular prostheses. Cobalt (Co) and 
chrome (Cr) ions may be generated not only in the 
metal-on-metal bearing but also in the modular 
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parts, generating significantly higher ion levels 
[59]. Patients with MoM should be followed-up 
and, if the hip becomes symptomatic, it must be 
studied. Metal ion serum levels need to be mea-
sured. The cutoff level of 7 parts per billion or 
μg/L for cobalt or chromium constitutes the need 
to perform advanced imaging studies. In the pres-
ence of a painful MoM arthroplasty or a modular 
stem, magnetic resonance imaging (MRI) can pre-
dict a pathological soft tissue response. MRI can 
distinguish synovial response in THA, with a 
strong correlation with wear, particle generation, 
corrosion, and fretting [60]. Pseudotumors can 
destroy the joint capsule and abductor mechanism, 
compromising functional outcome after the revi-
sion surgery [61].

The corrosion at the junction of Co-Cr heads 
on titanium stems has also been associated with 
ARMD.  Modern tapered designs tend to be 
shorter to improve the head-neck ratio. This 
reduces its surface and increases stress forces and 
corrosion, especially with large Co-Cr heads 
[62]. Corrosion with modular neck stem designs 
has also been reported [63]. Symptoms may 
include unexplained pain and instability. The dif-
ferential diagnosis needs to discard infection 
[40]. The presence of elevated serum ion levels 
with higher levels of cobalt than chromium is 
characteristic. This disproportion is helpful in the 
diagnosis of fretting corrosion in the presence of 
an unexplained painful arthroplasty [64].

4.3.6	 �Material Failure

Earlier cast stems were susceptible to fatigue fail-
ure with long follow-ups. Nowadays, stem frac-
ture is extremely rare with current forged designs 
made of forged cobalt, chromium, and titanium 
alloys. Nevertheless, breakage of some modern-
day, modular long varus necks has been reported. 
In the Swedish registry, 140 stem fractures were 
reported between 1999 and 2017 out of some 
280,000 arthroplasties. Most of these implants 
were the smallest available size, and their use 
should be avoided in active patients [15]. In revi-
sion surgery, limited bone stock and distal fixa-
tion increase stress forces in long revision stems. 
Modular revision stems have shown failures at 
the junction between the distal and metaphyseal 
parts [65].

Ceramic-on-ceramic bearing reduces wear in 
young, active patients. However, fractures of 
ceramic liners and femoral heads have been 
reported (Fig.  4.6). Third-generation ceramics 
have reduced their fracture rate to 0.004%. The use 
of short-neck femoral heads and incomplete seat-
ing of the ceramic liner are known to be risk fac-
tors for ceramic fracture [66]. There are no clinical 
guidelines for managing ceramic component frac-
ture. After a ceramic head fracture, if the taper is 
badly damaged, the stem needs to be revised. If the 
taper is in good condition, a new ceramic head 
with a metal adapter may be used. Following a 

a b c

Fig. 4.6  Anteroposterior radiograph of a 62-year-old 
patient, who had bilateral THA with 36-mm femoral head 
ceramic on ceramic THA. Ten months after the surgery 

(a), the patient suffered a rupture of the ceramic liner in 
the left hip due to incomplete seating (b). The hip was 
revised to a new ceramic liner for 28-mm head size (c)
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ceramic liner fracture, the bearing can be revised 
to a new ceramic liner and head [67].

4.4	 �Multiple Revisions

Although revision techniques and implants have 
improved in recent years, revision THAs present 
a higher failure rate. The risk of revising a revi-
sion arthroplasty is 4.3 times higher compared 
with a primary THA, and, if we analyze second-
time revisions, it is 6.6 times higher than the pri-
mary operation. The risk of failure is also higher 
in men than in women [15]. In a cohort of 548 
THAs in patients under the age of 35, 128 hips 
(23%) required revision surgery at a mean of 
10  years after the index procedure. Thirty-one 
(28.7%) of these prostheses required a re-revision 
after only a further 4.3 years, the primary reason 
for this being aseptic loosening [4]. Out of 2589 
aseptic revisions performed at a single institu-
tion, with a mean follow-up of 6  years, 211 
required a new revision. The principal cause was 
instability (52%), followed by aseptic loosening 
(20%). New materials employed in revision sur-
gery have improved fixation with limited bone 
stock. Thus, aseptic loosening has become less 
frequent after revision surgery [6].

The etiology of the revision affects patient life 
expectancy. Prostheses operated on for aseptic 
loosening present longer survivorship than 
patients revised for periprosthetic fracture, dislo-
cation or infection [3]. Surgeons should analyze 
registry data and different revision causes in 
order to prevent them.

4.5	 �Conclusions

The age at which a THA is indicated affects its 
survivorship. Hip replacements are more often 
used in younger patients with a different diagno-
sis from primary OA. Deformities, diagnosis, and 
higher activity levels affect the prognosis of these 
arthroplasties. Despite improved wear-reducing 
properties and designs, any THA would require 
to be revised given enough follow-up. Registries 
provide valuable information about hip survivor-

ship; related to different diagnosis, comorbidi-
ties, approaches, implant designs, etc.

The epidemiology of hip revision has changed 
in recent years. Aseptic loosening still remains 
the leading cause for revision, but, meanwhile, 
the rate of revision for dislocation, infection, or 
fracture has increased. Dual-mobility constructs 
reduce dislocation rate, but currently there are no 
published long-term results with these designs. 
Local adverse reactions to metal debris and the 
inferior results of MoM implants have reduced 
their use. Revision surgery provides inferior sur-
vivorship and clinical results than primary 
THA.  New revision techniques allow a durable 
fixation to be obtained in the presence of limited 
bone stock. However, instability and infection 
remain ongoing, unsolved problems.
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5.1	 �Introduction

Total hip arthroplasty (THA) remains one of the 
most successful surgical procedures and it has 
been considered the “Surgery of the Twentieth 
Century” [1]. Revision THA is a challenge for 
the orthopedic surgeon and has one main goal: 
the restoration of function and hip biomechan-
ics. Despite the continuous improvements with 
regard to hip implant materials and design, along-
side new approaches which limit soft tissue dam-
age, primary hip arthroplasty failure continues to 
occur. In revision hip surgery, the first step is to 
correctly diagnose the underlying hip problem. 
Taking this into account, the surgeon must care-
fully evaluate the patients’ symptoms and the con-
secutive radiological changes of the implant. In 
the previous chapter, the epidemiology and etiol-
ogy of revision hip surgery have been explained. 
In this chapter we will present the surgical plan-
ning, including the preoperative evaluation of the 
painful total hip arthroplasty, the preoperative 

planning for revision hip arthroplasty, and the 
classification of bone defects. Once the surgeon 
has decided on the etiology of the failure of the 
THA, he should carry out an adequate surgical 
technique: the correct chosen approach (posterior, 
lateral, extended trochanteric osteotomy), how to 
best remove the components using specific tech-
niques for cemented and uncemented prostheses, 
and, finally, how to reconstruct the hip. This latter 
concern will be addressed in later chapters.

5.2	 �Indications

The indications for revision total hip replacement 
have been discussed in Chap. 4.

5.3	 �Surgical Planning

Prior to performing a revision hip surgery, the ortho-
pedic surgeon must follow a series of steps to deter-
mine the etiology of total hip arthroplasty failure.

5.3.1	 �Evaluation 
of the Symptomatic Total Hip 
Arthroplasty

The central aspect of any evaluation is a thor-
ough history and physical examination. Patients 
may report pain, instability, weakness, sensory 
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deficit, or even limb length discrepancy. Physical 
examination must include a full spine and hip 
evaluation, alongside a vascular and sensorial 
evaluation of the lower limb.

5.3.1.1	 �Pain
Pain is the most common complain following 
THA.  A detailed questionnaire is mandatory to 
assess the cause of the pain.

–– The location: pain may be referred to the 
groin, buttock, lateral thigh, or trochanteric 
area. In general, groin and buttock pain is 
associated with the acetabular component and 
an anterior thigh pain with the femoral com-
ponent. There are some exceptions: patients 
with an iliopsoas tendinitis can have referred 
groin pain and, buttock pain may be caused by 
sacroiliac problems.

–– Time of onset: it is important to know if the 
pain has appeared recently or if it has been 
present since the initial operation. A symptom-
free period may suggest aseptic loosening or a 
late infection, and these must be considered.

–– Pain severity and characteristics: Pain that 
increases with walking or standing but is 
relieved with rest is usually associated with 
aseptic loosening. However, pain that 
increases with rest or at night is more likely to 
be related to infection.

5.3.1.2	 �Instability
Patients that have suffered an episode of dislo-
cation have a greater risk for recurrent disloca-
tions. Some predisposing risk factors such as 
female gender, older patients, a high body mass 
index, previous hip surgery, a suboptimal posi-
tion of the component (retroversion or vertical 
acetabular position), trochanteric nonunion, neu-
rological impairment, or low-back stiffness must 
be considered when the surgeon evaluates these 
patients. Clinical subluxation is less frequent and 
is usually associated with polyethylene wear or 
muscular imbalance.

5.3.1.3	 �Limb Length Discrepancy
One of the goals of THA is to restore the correct 
hip biomechanics and limb length. Limb length 

discrepancy (LLD) is one of the main causes of 
litigation in many countries, so it is an important 
concern after surgery. Most patients will toler-
ate a shorter leg after surgery if the LLD is less 
than 1.5 cm. However, overlengthening is poorly 
tolerated. Fortunately, the majority of these LLD 
can be treated conservatively.

5.3.1.4	 �Other Symptoms
Other symptoms that must be considered are 
stiffness or a reduction in the range of movement 
and the vascular and sensory status of the limb. 
Spinal pathology or a peripheral vascular disease 
can present with pain around the hip or in the 
lower limb.

5.3.1.5	 �Physical Examination
Prior to a revision surgery, the physical examina-
tion of the hip does not differ from other situa-
tions. The surgeon must inspect the existing scars 
and assess the gait, limb length discrepancy, pas-
sive range of movement, lower limb, and abductor 
muscle weakness, and the vascular and neurologi-
cal status of the limb including a motor and sen-
sory assessment. A complete examination of the 
spine, as well as the contralateral hip and knee, 
must also be done. Considering all these data, one 
should define whether the cause of the hip pain 
is extrinsic (lumbar, trochanteric bursitis, abdomi-
nal, neurological or fracture) or intrinsic (loosen-
ing, sepsis, polyethylene wear, dislocation) [2].

5.3.2	 �Preoperative Planning 
for Revision Hip Arthroplasty

Preoperative planning for revision hip arthro-
plasty is critical, and all scenarios must be con-
sidered. It is a complex procedure with a higher 
risk of complications compared to primary THA, 
and we should pay attention to the existing 
implant, the bone quality, the previous approach 
and how to best remove the hardware. Therefore, 
the surgeon should have a variety of implants, 
grafts, and the use of intraoperative imaging 
techniques. After a complete clinical history and 
physical examination, other preoperative data 
must also be collected.
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5.3.2.1	 �Laboratory Tests
In addition to conventional laboratory tests, the 
presence of periprosthetic joint infection (PJI) 
must be assessed. Serum C-reactive protein 
(CRP), D-dimer, and erythrocyte sedimenta-
tion rate (ESR) must be quantified, as well as 
synovial white blood cell count (WBC), poly-
morphonuclear percentage, leukocyte esterase, 
alpha-defensin, and synovial CRP. Intraoperative 
findings include frozen section, the presence of 
purulence, and isolation of a pathogen by cul-
ture [3]. According to the latest Consensus of 
the Musculoskeletal Infection Society (MSIS), 
two positive cultures or the presence of a sinus 
tract must be considered as major criteria and 
is diagnostic of PJI.  The calculated weights of 
an elevated serum CRP (>1  mg/dL), D-dimer 
(>860  ng/mL), and erythrocyte sedimenta-
tion rate (>30  mm/h) were 2, 2, and 1 point, 
respectively. Furthermore, elevated synovial 
fluid WBC (>3000  cells/μL), alpha-defensin 
(signal-to-cutoff ratio >1), leukocyte esterase 
(++), polymorphonuclear percentage (>80%), 
and synovial CRP (>6.9  mg/L) received 3, 3, 
3, 2, and 1 point, respectively. Patients with an 
aggregate score greater than or equal to 6 were 
considered infected, while a score between 2 
and 5 required the inclusion of intraoperative 
findings for confirmation or refutation of the 
diagnosis. Intraoperative findings of positive his-

tology, purulence, and a single positive culture 
were assigned 3, 3, and 2 points, respectively. 
Combined with the preoperative score, a total 
score greater than or equal to 6 was considered 
infected, a score between 4 and 5 was inconclu-
sive, and a score of 3 or less was considered not 
infected. The new criteria demonstrated a higher 
sensitivity of 97.7% compared to the MSIS 
(79.3%) and International Consensus Meeting 
definition (86.9%), with a similar specificity of 
99.5% [3] (Fig. 5.1).

5.3.2.2	 �Radiographic Evaluation
The radiographic evaluation includes an antero-
posterior (AP) view of the pelvis and AP and 
lateral view of the affected hip, including the 
entire stem and the entire cemented area in 
cemented stems. Serial plain radiographs are the 
initial study of choice. These provide informa-
tion related to the position and alignment of the 
prosthesis, changes in position, areas of osteoly-
sis, stress shielding and remodeling changes, the 
quality of cement and interfaces, the quality of 
the greater trochanter, canal size, and other bone 
deformities. The surgeon must note the changes 
to the implant position and the bone, comparing 
it to previous films. Details that must be assessed 
are shown in Table 5.1 (Fig. 5.2).

Criteria for cemented implant loosening were 
described by Harris et  al. [4]. Radiographic 

History
Physical examination

Serial radiographs

Loosening ESR and CRP

NO

Aspirate
Positive

Positive

Septic
loosening

Negative

Serial ESR,
CRP and WBC

Negative

Aseptic
loosening

ESR and CRP Aspirate
Positive

Positive

Septic fixed
THA

Negative

Other images studies: scan

Negative

Observe

Negative

YES

Fig. 5.1  Algorithm for the evaluation of a painful total hip arthroplasty (THA). ESR Erythrocyte sedimentation rate; 
CRP C-reactive protein; WBC White blood cell count
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assessment of cementless implant stability was 
described by Engh et al. [5] and Moore et al. [6]. 
All these criteria are shown in Table 5.2 [4–8].

5.3.2.3	 �Other Imaging Techniques
In addition to the radiographic study, in many 
cases it is necessary to perform other imaging 
techniques.

–– Computed tomography (CT) scan: Frequently, 
radiographs underestimate the size and the 
location of osteolysis and bone defects, and a 
CT scan can be especially useful to assess the 

quality of acetabular bone. They can also be 
used to diagnose infection as they can reveal 
fluid collections or joint distensions and, in 
cases of recurrent dislocation, help to more 
accurately assess the position of the implants.

–– Magnetic resonance imaging (MRI) can be 
used to assess the presence of pseudotumors 
and muscle damage in cases of metal-on-
metal THA.

–– Nuclear medicine images: Technetium-99m 
(Tc-99) bone scintigraphy is frequently used 
to assess the stability of cemented implants, 
but it is not very specific because many other 

Table 5.1  Data to be evaluated on preoperative radiographs

Bone references on the 
acetabular side
– � Kohler line
– � Isquion area

– � Teardrop

– � Superior migration of the 
cup

– � Medial and anterior wall
– � Posterior column and 

posterior wall
– � Medial wall and 

posterior column
– � Acetabulum roof

Interface
– � Bone-implant
– � Cement-bone
– � Cement-implant
Osteolysis areas
Radiolucent lines around 
the implants
Quality of greater 
trochanter
Position of the implants
Wear polyethylene
Pelvic discontinuity

Superior migration of the cup 
Kohler line
Teardrop
Ischium area

Fig. 5.2  Bone references on the acetabular side

Table 5.2  Radiographic signs of osseointegration and 
loosening

Definitive cemented femoral loosening
– � Migration of the stem
– � A continuous radiolucent line around the stem-

cement interface
– � A fracture of the stem
– � A fracture in the cement mantle
Probable cemented femoral loosening
– � A complete radiolucent line around the bone-cement 

interface
Possible cemented femoral loosening
– � A radiolucent line extending between 50% and 100% 

of the bone-cement interface
Definitive uncemented femoral osseointegration: bone 
ingrowth
– � No subsidence or stem migration
– � No radiolucent line around the stem
– � Presence of spot welds
Stable fibrous fixation of an uncemented stem
– � No progressive subsidence
– � A radiodense parallel, nonprogressive line around the 

stem less than 1 mm of diameter
– � No other bone changes
Uncemented stem loosening
– � Progressive subsidence or migration of the stem
– � A radiolucent line around the stem greater than 1 mm 

of diameter
– � A bone pedestal extending partial or completely 

across the intramedullary canal
– � Hypertrophy cortical
Radiographic signs of osseointegration of porous 
coated uncemented cups
– � Absence of radiolucent lines
– � Presence of superolateral buttress
– � Presence of medial stress shielding
– � Presence of radial trabecular pattern
– � Presence of inferomedial buttress
Cup loosening
– � A progressive radiolucent line around the cup
– � Changes in position or migration of the cup
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causes can increase the radionuclide uptake, 
such us infection, tumors, Paget’s disease, 
etc. In general, a negative or normal result 
excludes a diagnosis of loosening and pro-
vides more information than an abnormal 
scan. Tc-99 bone scans appear to be of lim-
ited usefulness in the evaluation of loosening 
in cementless implants.

The use of scintigraphy with gallium-67 (Ga-
67), indium-111, or marked leukocyte is more 
sensitive for the diagnosis of infection [9].

5.3.3	 �Classification of Bone Defects

Once the surgeon has decided to perform a revi-
sion surgery, the following step is to classify the 
bone defect. Bone defects around the femur and 
the acetabulum will determine the reconstruc-
tion technique. Several classifications have been 
described to classify the bone loss around the 
components.

5.3.3.1	 �Acetabular Bone Defects
The American Academy of Orthopedic Surgeons 
Committee on the Hip (D’Antonio Classification) 
distinguishes two types of defects: segmentary, 
when there is a loss of the bone affecting the sup-
porting walls or columns of the acetabulum, and 
cavitary, when the defect involves a volumetric 
loss of bone with the rim and medial wall intact 
[10]. Other classifications have been proposed to 
describe the extent of periacetabular bone loss 
in revision THA [11], such as Paprosky et  al. 
[12], Saleh et  al. [13], Gustilo and Pasternak 
[14], Gross et al. [15], Parry et al. [16], and Engh 
et al. [17].

One of the most used classification systems is 
the one described by Paprosky et al. in 1994 [12]. 
This is based on anatomical references (medial 
wall-teardrop, hip center-superior dome, Kohler 
line-anterior column, and ischium lysis-posterior 
column) and on the presence or absence of an 
intact acetabular rim and its ability to provide 
rigid support for an implanted acetabular com-
ponent (Fig. 5.3). Based on the structures which 
are deficient, and the degree of hip center migra-

tion, Paprosky et  al. offered recommendations 
regarding the type and amount of supplemental 
allograft needed for reconstruction, methods of 
graft fixation, and implant selection.

Berry et  al. defined pelvic discontinuity as 
a distinct form of bone loss, occurring in asso-
ciation with total hip arthroplasty, in which the 
superior aspect of the pelvis is separated from 
the inferior aspect because of bone loss or a 
fracture through the acetabulum [18]. It can be 
identified in preoperative radiographs as (1) a 
transverse fracture of the pelvis on the AP view, 
(2) a medial migration of the inferior hemipel-
vis related to the superior hemipelvis (a broken 
Kohler line), and a (3) rotation of the inferior 
hemipelvis in relation to the superior hemi-
pelvis (asymmetry of the obturator foramen). 
Berry subclassified the AAOS type IV defects 
into three categories [18]: type IVa (pelvic dis-
continuity with cavitary or moderate segmen-
tal bone loss), type IVb (severe segmental loss 
or combined segmental and massive cavitary 
bone loss), and type IVc (previously irradiated 
bone with or without cavitary or segmental 
bone loss).

5.3.3.2	 �Femoral Bone Defects
To classify femoral bone defects, we can use 
the classification of the American Academy of 
Orthopedic Surgeons Committee on the Hip 
(D’Antonio Classification) [19] or Paprosky 
et  al. [20], a classification system that defines 
femoral insufficiency based on the location of the 
bone loss and the degree of severity and proposes 
a treatment algorithm for surgical reconstruc-
tion based on these, which may allow surgeons 
to plan preoperatively for the type of femoral 
implant necessary to achieve a durable recon-
struction (Fig. 5.4).

–– Type I: defect in which minimal metaphyseal 
bone loss has occurred and the proximal 
femoral geometry is maintained. These defects 
are typically seen after removal of an unce-
mented implant with narrow metaphyseal 
geometry or following removal of an implant 
with minimal proximal ingrowth potential. 
These defects can be treated with a cylindri-
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cal, extensively porous coated stem, or a 
tapered, proximally porous coated stem.

–– Type II: a defect with extensive metaphyseal 
bone loss and minimal diaphyseal bone in 
which the proximal metaphyseal bone may 
not be mechanically supportive for a proxi-
mally fitting implant. The entirety of the 
diaphysis remains intact. These defects are 
commonly seen after removal of a cemented 
femoral implant or removal of a proximally 

fitting stem with a wide femoral geometry. In 
these cases, a femoral implant that engages 
the diaphysis, with an ongrowth surface 
or a porous ingrowth surface, is typically 
recommended.

–– Type III defects are those in which the proxi-
mal metaphysis is completely unsupportive 
and the endosteal bone is severely deficient or 
absent. In Type IIIA there is more than 4 cm of 
intact diaphyseal bone available for distal 

Type 1 Type 2A Type 2B

Type 2C Type 3A Type 3B

Fig. 5.3  Paprosky classification of acetabular bone defects
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fixation, and in Type IIIB there is less than 
4  cm of diaphyseal bone available for distal 
fixation. The use of an extensively porous 
coated stem when at least 4 cm of intact diaph-
yseal bone was present is possible, but in Type 
IIIB defects, a tapered stem is preferred. 
Current total hip arthroplasties offer modular-
ity, allowing for independent diaphyseal and 
metaphyseal fixation, with substantial intraop-
erative flexibility for version; limb length and 
offset can be also considered in these defects.

–– Type IV are those with severe metaphyseal 
and diaphyseal bone loss, typically with severe 
ectasia (pronounced expansion of endosteal 
bone with profound cortical thinning) of the 
femoral canal, making uncemented fixation 
unreliable. Reconstruction options are usually 
limited to proximal femoral replacements, 
impaction grafting with a cemented stem, and 
allograft prosthetic composites.

For loose cemented stems, the four grades 
of Endo-Klinik classification are frequently 
used [21]:

–– Grade I—radiolucent lines confined to the 
upper half of the cement mantle; clinical signs 
of loosening

–– Grade 2—generalized radiolucent zones and 
endosteal erosion of the upper femur leading 
to widening of the medullary cavity

–– Grade 3—widening of the medullary cavity 
by expansion of the upper femur

–– Grade 4—gross destruction of the upper third 
of the femur with involvement of the middle 
third, precluding the insertion of even a long-
stemmed prosthesis

5.4	 �Surgical Technique

5.4.1	 �Surgical Approaches 
in Revision Hip Surgery

Revision hip surgery requires the orthopedic 
surgeon to intimately know a wide a variety of 
surgical approaches, taking into account several 
basic principles such as the patient position on 
the operating table, providing an adequate expo-
sure with minimal soft tissue damage, extended 
capsulotomy, and an adequate removal of the 
periosteum of the femur to allow an easy mobi-
lization of the proximal femur away from the 
acetabulum. This must also be safe, simple, and 
anatomical. With these principles, the surgical 
approach in revision hip surgery can be the same 
as in primary THA [22]. Classification of surgi-
cal approaches is based on the approach to the 
hip capsule as anterior, lateral, or posterior. Most 
surgeons usually use a preferred approach to the 
hip for routine hip operations. This approach will 
be the one to which the surgeon was most widely 

Type I Type II Type IIIA Type IIIB Type IV

>4cms
<4cms

Fig. 5.4  Paprosky classification of femoral bone defects
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exposed during his training, but it is impor-
tant that the surgeon be familiar with various 
approaches whenever necessary. We will now 
describe the most frequently used approaches in 
revision hip surgery.

5.4.1.1	 �Extended Posterior Approach
The posterior approach is probably the most 
commonly used approach for total hip replace-
ment. The classic posterior approach, called 
Moore or Southern approach [23], is located 
over the posterior buttock and greater trochanter 
and continues down half of the femur. In revi-
sion surgery it is usually extended proximally 
and distally along the femoral diaphysis to bet-
ter visualize the hip, acetabulum, and femur. 
Once the surgeon opens the fascia lata and has 
bluntly split the fibers of gluteus maximus, the 
external rotator muscles are exposed. The glu-
teus minimus is protected with a retractor and 
a flap, including the short external rotator ten-
dons and capsule, and is made and reflected 
backward to protect the sciatic nerve and to 
visualize the prosthesis. This flap is then reat-
tached toward the greater trochanter when the 
surgery has finished to maintain the tension of 
the abductor muscles (Fig.  5.5). The proximal 
femur is carefully skeletonized to allow an easy 
mobilization of it away from the acetabulum. 
With a maneuver of flexion, adduction, and 
internal rotation, the hip is dislocated, and two 
retractors are placed, one at the anterior capsule 
(at the 1 o’clock position for a right hip and at 
11 o’clock position for a left hip) and the other 
inferiorly, next to the ischial tuberosity and the 
transverse acetabular ligament. In this way, the 
surgeon can expose the entire acetabulum and 
evaluate the stability of the cup. Only once 
the cup is removed and the bone is cleaned of 
fibrous tissue can the bone defect be evaluated, 
paying special attention to the anterior column, 
the posterior column, the roof, and the ischium. 
This approach can be extended proximally, if it 
is necessary, toward the iliac crest for exposure 
of the ilium and distally, down the line of the 

femur, as far as the level of the knee. Also, vas-
tus lateralis may either be split or elevated from 
the lateral intermuscular septum.

5.4.1.2	 �Anterolateral Approach
This is known as the Watson-Jones [24] 
approach, and the hip is visualized in the intra-
muscular plane between the tensor fascia lata 

a

b

c

Fig. 5.5  Posterior approach: (a) A flap, including the 
short external rotator tendons and capsule, is reflected 
posteriorly to protect the sciatic nerve. (b) The flap is 
approximated once the surgery has finished. (c) The flap is 
then reattached toward the greater trochanter when the 
surgery has finished to maintain the tension of the abduc-
tor muscles
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and gluteus medius. However, though it is a 
good approach for primary THA, there is a 
limited exposure of the acetabulum in revision 
surgery.

5.4.1.3	 �Lateral Approach 
(Hardinge) [25]

The incision is straight, centered over the 
greater trochanter. The fascia is opened, and 
the tensor is separated proximally and the glu-
teus maximus posteriorly, exposing the inser-
tion of the vastus medialis and gluteus medius 
muscles. The incision extends proximally in 
line with the gluteus medius fibers at the junc-
tion of the middle and posterior third which is 
elevated with the periosteum and the origin of 
vastus lateralis in one piece and retracted ante-
riorly. Distally, the incision is extended forward 
by the anterolateral aspect of the femur, and in 
this way the joint capsule is already exposed. 
Unlike the posterior approach, in this approach 
there is a potential for injury to the superior 
gluteal nerve if the incision is extended too 
far proximally. Postoperative abductor weak-
ness and limping are frequently found with this 
approach.

5.4.1.4	 �Extended Trochanteric Femoral 
Osteotomy [26]

In revision hip surgery, removing the stem can 
be a challenge. In these cases, an extended 
trochanteric osteotomy as described by 
Paprosky, a modification of the femoral oste-
otomy by Wagner, may be necessary. This 
osteotomy was described using a posterior 
approach, although it may be done with an 
anterolateral approach also. The indications 
for this approach are

–– A well-bonded distal bone-cement interface
–– A femoral deformity in varus/valgus or other 

deformities that interfere with a straight ream-
ing of the femoral canal

–– Evidence of bone ingrowth in cementless 
stems

–– Stems that have migrated and are, therefore, at 
risk of damage to the greater trochanter if we 
want to remove it proximally

The surgeon must plan the level of the osteot-
omy, taking into account the cement plug or the 
prosthesis and allowing a maximal exposure of 
the femoral canal but leaving 6 cm for diaphyseal 
fixation. A prophylactic cerclage wire is placed 
2 cm distally to protect the intact femur from a 
possible fracture. Osteotomy can be performed 
prior to dislocation of the hip, following dislo-
cation but prior to the removal of the femoral 
component or following dislocation and removal 
of the component. Whenever possible, it is pref-
erable following dislocation and removal of the 
stem. The distal zone and all the posterior extent 
of the osteotomy are marked just anterolateral 
to the linea aspera with multiple small perfora-
tions that are connected with an oscillating saw. 
The width of the osteotomy must be one lateral 
third of the circumference of the femur. Wide 
osteotomes are then passed posteriorly to ante-
riorly across the osteotomy to crack the anterior 
cortex. In this way and, taking great care, the 
osteotomy can be opened, and the fragment dis-
placed anteriorly to remove the cement mantle of 
the implant. Care must be taken at this point not 
to cause a fracture of the greater trochanter. The 
muscles must remain attached to the anterior cut 
of the bone. The osteotomy also allows visu-
alization of the distal cement plug and a direct 
access to the canal for placement of a long stem. 
Once the new stem has been implanted, the oste-
otomy is closed and held with multiple cables 
(Figs. 5.6 and 5.7).

5.4.2	 �Removal of the Components

As we have previously described, preoperative 
planning is mandatory for this step. The surgeon 
must identify the implants to be removed, the 
liner and the screws, and have all the necessary 
tools for carrying it out. Most loose implants are 
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easily removed, and a variety of techniques have 
been described to remove well-fixed implants as 
well as cemented implants. These tools are avail-
able from most companies: high-speed instru-
mentations, ultrasonic tools, stem extractors, 
polyethylene liner extractors, cup extractors, 
screwdrivers, and modular head/neck detachment 
devices. In all cases, the surgeon should remove 
the implant while trying to preserve the largest 
bone surface.

5.4.2.1	 �Removal of a Cemented Cup
The removal of a cemented cup is easy using 
special curved osteotomes through the cement-
prosthesis interface which gradually disrupt it, 
taking care not to lever against the bony rim. 
Once it is weakened, one can safely remove 
the cup with a gentle twist. Following this, one 
can remove the residual underlying cement 
mantle using once again straight, narrow, 
sharp osteotomes or curettage with a high-
speed burr. In the event of intrapelvic cement, 
the surgeon can choose between leaving it or 
removing it with gentle traction and separat-
ing it from the fibrous layer around the cement 
without damaging the intrapelvic structures. 
Exceptionally, a retroperitoneal approach may 
be necessary to remove it. Other techniques 
described involve removing the cemented cup 
using a sharp acetabular reamer to ream out 
the polyethylene.

5.4.2.2	 �Removal of a Cemented Stem
The cemented stem is, in general, easily dis-
rupted from the cement mantle when a retro-
grade force is applied, but, firstly, the cement 
above the lateral shoulder of the component 
and bone from the medial aspect of the greater 
trochanter must be removed to avoid a frac-

a

b

c

Fig. 5.6  Extended trochanteric femoral osteotomy: (a) A 
prophylactic cerclage wire is placed 2 cm distally to pro-
tect the intact femur from a possible fracture. (b) The 
femoral osteotomy is opened. (c) The osteotomy is closed 
and held with multiple cables
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ture of the greater trochanter. If the component 
has a collar, the cement above also needs to be 
removed. Once the stem has been removed, the 
residual cement may be removed. The tech-
nique used for this depends on the surgeon’s 
experience, and this can sometimes be easily 
performed with an extended trochanteric oste-
otomy. In the case of experienced surgeons, 
the cement can be carefully removed through 
the medullary femoral canal in three stages: 
metaphyseal cement above the lesser trochan-
ter and diaphyseal cement below the lesser 
trochanter and then the distal cement plug. A 
high-speed burr, special straight osteotomes 
with T or V ending, or ultrasound is used to 
weaken and split the bone-cement interface at 
the metaphyseal and diaphyseal zones. In cases 
involving a well-fixed, thick cement layer con-
necting to the bone, any attempt to separate 

the cement with a gouge could cause a frac-
ture. Therefore, longitudinal grooves should be 
made which allow the cement to be split safely. 
Removing the distal cement plug can be tedious. 
Under radioscopic control, a 4.5-mm or 6-mm 
drill is used to penetrate the distal cement plug, 
and then a thin hook curette can be used to 
slip in and disimpact it. Another alternative for 
removing the cement is to recement a stem into 
a preexisting cement mantle [27].

5.4.2.3	 �Removal of an Uncemented Cup
If the uncemented cup is fixed with supplemen-
tary screws, the polyethylene liner must first be 
removed. The polyethylene liner can be locked 
to the cup by different locking mechanisms, and  
specific tools to unlock them are required. There 
are two techniques described for removing the 
polyethylene liner. One uses a special threaded 

a bFig. 5.7  (a) 
Preoperative loose 
cemented total hip 
arthroplasty. (b) Total 
hip arthroplasty after 
revision with an 
extended trochanteric 
femoral osteotomy
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extractor device that drills a hole into the poly-
ethylene; the extractor is then threaded, and, 
when it abuts the metal shell, the liner is forced 
out. Another alternative is to thread a 6.5-mm 
screw through the liner. If the cup has a ceramic 
liner, it can be forced out by hitting the metal 
back with small impactors. The screws in the 
shell are simply unscrewed with the appropriate 
screwdrivers.

Removing the cup can be done using curved 
and narrow osteotomes that are introduced 
between the cup and the bone and gradually 
progressing them around the cup. Nowadays, 
specific devices are available to remove hemi-
spherical acetabular components (Fig. 5.8). These 
tools minimize the acetabular bone loss during 
revision surgery. They use the existing liner to 
centralize the femoral head, which matches the 

internal diameter of the acetabular cup. The head 
is threaded on the handle to stabilize and guide 
the curved blades during cutting. A short blade 
is slid in between the bone-cup interface and, 
with a rotating movement, progresses around the 
circumference of the cup. Following this, a long 
blade is used to repeat the process until the cup is 
loosened. Once the cup is completely loosened, 
it can be removed with a larger grasper. In the 
case of threaded cups or conical sockets, the shell 
is easily removed using fine, flexible osteotomes.

5.4.2.4	 �Removal of an Uncemented Stem
The extent of the removal of an uncemented 
stem depends on whether it is loose or well-
fixed, as well as the type and extent of the 
porous coating. If the stem is loose, extraction 
requires a proximal fixation and a disimpaction 

a c

b

Fig. 5.8  Specific devices available to remove hemispher-
ical acetabular components: (a) Shell removal instruments 
set with different blades and femoral heads; (b) handle 

with the femoral head and a long blade placed around the 
cup; (c) detail of the explanted cup with no bone around it
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force. However, if the stem is well-fixed, special 
tools are required. The proximal part of the stem 
can be separated with thin, flexible osteotomes 
(Figs.  5.9 and 5.10). For the distal part, these 
osteotomes can be dangerous, and, if the surgeon 
encounters difficulties, an extended trochanteric 
osteotomy can be performed, and a Gigli saw 
or a high-speed burr may be used to remove the 
stem completely. Another alternative is to cut a 

cortical window in the femur and then cut the 
stem with a high-speed saw. The proximal part 
is, thus, removed, and the remaining distal part 
is loosened using trephines that disrupt the bone-
prosthesis interface. Broken stems are usually 
well-fixed distally, and trephines are required to 
remove them.

a

c

b

Fig. 5.9  Different types of osteotomes and tools used to remove cemented and uncemented stems: (a) straight and 
curved osteotomes; (b) instruments to remove the distal cement plug; (c) instruments to remove the stem
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5.5	 �Conclusions

Revision hip surgery presents a challenge to the 
orthopedic surgeon. A broad spectrum of patholog-
ical conditions must be considered. Evaluation of 
a symptomatic hip arthroplasty is a sequential pro-
cess that begins with a detailed clinical history and 
examination of the patient. To confirm or discard 
a suspected diagnosis, a series of complementary 
tests must be carried out, such as laboratory tests and 
radiological evaluation. The radiographic evalua-
tion always begins with a conventional radiograph, 
but, in many cases, a CT scan or scintigraphy may 
be necessary to confirm the diagnosis or to better 
define the bone defect. Once the diagnosis is made, 
surgery is carefully planned to minimize the risks 
and potential complications. Firstly, the surgeon 
must be familiar with the implant to be removed, 
the bone defect present, and the surgical technique 

they are going to carry out. Hip approaches must be 
extensive to allow a good exposure of the prosthe-
sis. Although the surgeon should be familiar with 
different hip approaches, when it comes to revision 
hip surgery, the surgeon should use the approach 
that they are most comfortable with. Similarly, 
he or she must have an intimate knowledge of the 
tools required to remove the implants. The removal 
of implants should be done with caution, avoiding 
increasing bone loss.
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6.1	 �Introduction

Revision total hip arthroplasty (THA) procedures 
are increasing during the last decades in the 
whole world [1]. Despite reports from national 
registers indicating that recent innovations in 
technology and enhanced recovery programs are 
improving outcomes, revision THA rates are still 
increasing [2]. The consequences are quite sig-
nificant in most developed countries in terms of 
health-related issues such as quality of life and 
socioeconomics [3]. To date, important resources 
are needed, usually from large teaching institu-
tions in order to optimize results [4].

Indications for revision THA include com-
plex procedures which may in many cases 
require all-component revision surgery to man-
age dislocation, mechanical loosening, or infec-
tion [5]. These indications have been shown to 
determine revision THA results; aseptic loosen-
ing is usually the most frequent reason for revi-
sion THA, and infection and instability had 
inferior results [6, 7].

6.2	 �National Registry Data

National registry data from different countries 
report that causes for revision THA can change 
over the years and depend on when that particular 
THA was implanted. The Swedish Hip 
Arthroplasty Register (SHAR) differentiates 
between reoperation, “Reoperation includes all 
kinds of surgical intervention that can be directly 
related to an inserted hip arthroplasty irrespective 
of whether the prosthesis or one of its parts has 
been exchanged, extracted or left untouched,” 
and revision, “Revision means that a hip 
arthroplasty-operated patient undergoes a further 
operation in which a part of or the whole prosthe-
sis is replaced or extracted” [8]. The author found 
that the proportion of reoperations has remained 
stable in relation to the total number of primary 
THA since 1992. Some demographic variables 
have changed over the years, such as more 
women, being older, and more patients with 
inflammatory arthritis. Compared to the primary 
THA population, the reoperation group included 
more women, older patients, more complex 
comorbidities (ASA class 3 or higher), and 
patients with secondary arthritis (Fig.  6.1). 
Indications can also show interesting changes in 
terms of indications for removal of the previous 
implant: infection was the most frequent cause, 
while fracture and dislocation have decreased 
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since revision procedures have been more fre-
quently performed over the last years. Data on 
revision THA, the main analytic focus in most 
registers, show that it is increasing, as mentioned 
above.

The classic reasons for revision have been 
aseptic loosening and wear-related complica-
tions, but this must be interpreted depending on 
whether it is a first- or multiple-revision situa-
tion. To date, dislocations, infection, and fracture 
are increasing among multiple-revision patients 
and in older patients (Fig. 6.2). Finally, removal 
of the total implant or a component depends on 
the cause of revision: it is frequent to remove the 
entire implant in cases with infection, sometimes 
in cases with wear or loosening, the stem when 
there is a femoral fracture with associated osteo-
synthesis and the cup if there is a recurrent dislo-
cation. Cemented or uncemented techniques 
require complex analysis since combined tech-
niques with newer implants and the use of bone 
allograft are becoming more frequent.

Other national registries report complementary 
data. The National Joint Registry (NJR), from 
England and Wales, also shows that revision pro-
cedures are rising during the last years. It also 
reports aseptic loosening, lysis, and wear also as 
the most frequent reason for revision [9]. The 
Australian Register (AOANJRR) reports similar 
data for first-revision cases; however, it also 
shows that dislocation was the most frequent 

a b

Fig. 6.1  (a) Radiograph of a total hip arthroplasty in a 93-year-old female patient showing cup loosening; (b) postop-
erative radiograph after revision hip surgery with a bone impaction grafting technique and a cemented dual-mobility cup

Fig. 6.2  Radiograph showing a dislocation after revision 
surgery with hip abductor deficiency
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cause for revision during the first 4 years after pri-
mary THA after which time is aseptic loosening 
and lysis became the most frequent cause [10]. All 
registries also report the importance of introduc-
ing new implants, like large friction THA with 
hard-on-hard implants and their influence on 
results. Interestingly, the NJR and AOANJRR 
analyses include diagnoses such as adverse reac-
tions and emphasize the importance of these 
problems.

6.3	 �Epidemiological Studies

In epidemiological studies it is important to com-
ment that revision and primary THA rates oscil-
late across different geographic areas. Multiple 
causes have been investigated in order to explain 
these findings. The number of surgeons, provid-
ers, population access, and other socioeconomic 
reasons can influence these data. In Spain, 
regional variability was higher than expected 
[11]. Despite a universal health coverage system, 
equity may be challenged in the administration of 
hip arthroplasty. When hip replacement rates 
were adjusted for sex and age, the regional aging 
index, the density of orthopedic surgeons, and the 
regional health budget could only partially 
explain risk ratio changes. An interesting finding 
was the influence that the regional density of 
orthopedic surgeons had on the adjusted rates of 
primary and revision THA. Data have shown that 
patients in regions with more orthopedic sur-
geons are more prone to receive a primary THA; 
however, revision THA did not follow this ten-
dency. Paradoxically, a significantly lower risk 
ratio for revision rates was found in regions with 
more orthopedic surgeons. This could be an 
expression of insufficient resources or qualifica-
tion to perform revision hip surgery in regions 
with a higher density of general orthopedic sur-
geons, with subsequent unmet needs for the pop-
ulation. In fact, this finding could even reflect that 
the higher rate of revision hip procedures in areas 
with fewer surgeons could be associated with 
higher failure rates related to insufficient 
caseloads.

6.4	 �Complications and Outcome 
in Revision Total Hip 
Arthroplasty: Big Data

As previously described, the most frequent indi-
cation leading to a first-revision THA procedure 
in most is mechanical complications such as loos-
ening and wear; however, in further reoperations, 
there are more complications related to more 
challenging surgeries such as infection, venous 
thromboembolic disease (VTE), or dislocation. 
First, it must be noted that these patients may be 
older and can have more comorbidities than those 
undergoing primary THA.  A study of a US 
Medicare population observed that advanced age, 
rather than orthopedic complications, was a clear 
risk factor for VTE and mortality [12]. To date, 
comorbidities were also related to all complica-
tion types, but dislocation and infection rates are 
of particular importance. The NJR in England and 
Wales reported that dislocation and infection 
gained importance when compared to mechanical 
complications, wear, pain, or lysis reason for re-
revision THA. In terms of 90-day mortality, this 
was also lower after primary THA than after revi-
sion. SHAR also confirmed these data in terms of 
more dislocation, infection, and complex patients 
in multiple-revision procedures. Thus, some com-
plications such as periprosthetic fractures have 
higher dislocation rates, and this leads to chang-
ing indications meaning being prepared to change 
both the cup and stem rather than only the stem.

In terms of long-term survival after revision or 
re-revision surgeries, the last Annual Report from 
the SHAR confirmed that this was lower in both 
first- and multiple-revision THAs than for pri-
mary THA as expected. They have also observed 
that the risk of a revision was lower in female 
patients than in males. The 2017 NJR reports that 
the cumulative percentage probability of revision 
is increased three times overall at 13 years when 
comparing primary and revision THA rates. 
Similar to other registries, the reasons for re-
revision due to infection and dislocation were 
higher in the latter. Last, mortality was lower 
after primary surgeries, and they did not find dif-
ferences in between sexes. Registry data have 
also revealed complications in revision THA.
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6.5	 �Dislocation After Revision 
Total Hip Arthroplasty

This complex and multifactorial problem is more 
challenging in revision than in primary 
THA. Previous surgery affects not only the long 
bone but also soft tissue around the hip. Abductor 
biomechanics are probably one of the most 
important factors [13]. Despite recent interest in 
implants with large femoral heads, modular 
stems, or dual-mobility cups leading orthopedic 
surgeons to introduce newer techniques, recon-
struction of the center of the hip with a correct 
lever arm distance, height of the greater trochan-
ter, and component position must be the main 
objective of the surgery to obtain good results. To 
date, preoperative planning to evaluate bone 
defects, including greater trochanter status, is 
critical. In a previous history of at least one dislo-
cation, acetabular bone defect and abductor defi-
ciency are the most important factors for 
dislocation [7] (Fig. 6.2).

After dislocation, careful assessment is man-
datory. Re-revision rates are a big problem not 
only in number but in clinical morbidity and dis-
satisfaction. Re-dislocation and re-revision rates 
at 15  years can be higher than 30% and 40% 
when revision THA is done due to instability 
[14]. Repeated dislocation after two or more sur-
geries, small femoral heads, and liner exchange 
with cup retention has a higher risk. Some alter-
native options like constrained liner use have not 
improved re-revision rates. On the other hand, 
dual-mobility cups are gaining popularity given 
their better results when combined with proper 
assessment of the components, bone defect, and 
abductor deficiency issues [15].

6.6	 �Periprosthetic Fractures 
After Revision Total Hip 
Arthroplasty

This is a well-known as a challenging complica-
tion. During femoral revision surgery, the possi-
ble bone defect, as in the acetabulum, determines 
surgery [16]. Although femoral preoperative 
assessment can help in surgical planning, removal 

of the previous implant may change the strategy. 
Heterotopic calcifications, abductor deficiency 
with scar tissue and muscular atrophy, greater 
trochanter weakness, and cement or porous-
coated implants are frequent local conditions that 
affect the final intraoperative bone defect. An 
intra- and postoperative periprosthetic femoral 
fracture can occur regardless of the choice of 
implant type [17]. In order to facilitate femoral 
component extraction, an extended femoral oste-
otomy has been reported [18]. This technique can 
be effectively performed and combined with dif-
ferent reconstruction techniques like impaction 
bone grafting [19] (Fig. 6.3).

The first problem after a periprosthetic frac-
ture has occurred is to diagnose and classify 
[20]. During revision there are many factors 
that influence the appearance of a fracture, as 
mentioned above. Any audible crack or a chang-
ing resistance during impaction must be 
checked with imaging in order to detect. The 

Fig. 6.3  Radiograph showing a femoral impaction bone 
grafting technique with a cemented stem combined with 
an extended trochanteric osteotomy
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explanation for intraoperative fracture manage-
ment cerclage wires and a complete set with 
screws and plates must be ready for use. When 
a periprosthetic fracture is found after a given 
time after revision surgery, proper classification 
is critical [21] (Fig. 6.4). A distal femoral frac-
ture is relatively easy to identify; however, the 
treating surgeon ought to suspect a loosened 
femoral component when a fracture occurs 
around the stem. Finally, refracture after a peri-
prosthetic fracture is a very complex situation 
with a relatively high rate for infection, mal-
union, and residual limping and is usually 
related to a poor outcome [22] (Fig. 6.5).

6.7	 �Infection and Other 
Complications After Revision 
Total Hip Arthroplasty

This devastating complication is more challenging 
to manage than after a primary THA.  Mortality 
rates are high after 1 and 5 years [23]. Despite its 
generally low incidence, this complication is more 
frequent after revision than after primary THA, 
and its incidence has risen during the last years 
meaning it has become a significant problem [24]. 
It is also well known that revision THA due to 
infection has more complications that aseptic revi-

a bFig. 6.4  (a) Radiograph 
showing a periprosthetic 
fracture in an 85-year-
old patient. A loosened 
stem was found 
intraoperatively; (b) 
postoperative radiograph 
after revision hip 
surgery with a 
cementless long-stem 
and cerclage wires

Fig. 6.5  Osteosynthesis of a periprosthetic femoral frac-
ture distal to a previous cementless long stem implanted 
due to another previous fracture
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sion THA like higher re-infection rates, non-home 
discharges and lengh of stay [25].

The approach taken must be similar to that for 
a periprosthetic joint infection after primary 
THA. However, the situation in these patients is a 
more complex situation; bone defects and soft 
tissue problems are frequent, and new and more 
intraoperative cultures are necessary to evaluate 
the infection [26]. Usually, a two-stage strategy is 
recommended due to the associated risk factors 
for reinfection [27]. For definite reconstruction of 
the hip, again the resulting bone defect is critical 
for determining surgical technique [28] (Fig. 6.6).

Not least, the possibility of a neurovascular 
complication must be kept in mind. Despite its 
low frequency, a major vascular injury can be 
devastating. Proper planning, particularly includ-
ing acetabular bone imaging, is necessary to 
assess bone loss and the presence of metallic 
implants and medial defects [29]. The safe zone 
for extraction and the insertion of new, frequently 
more screws than before must be considered and 
planned for [30]. Lastly, extensive approaches 
around the iliac through the gluteus or dissection 
of scars and previous fibrous tissue around the 
proximal femur can also be possible origins of 

vascular trauma and bleeding. Similarly, neuro-
logical injuries can occur due to traction and 
other intraoperative maneuvers. Preserving the 
soft tissue envelope, which is frequently dis-
rupted due to different surgeries before the pri-
mary THA, is equally important, particularly in 
patients with childhood sequelae. In the same 
way, changes in greater trochanter status and that 
of muscle around this area, including the superior 
gluteal nerve, may add instability to the hip joint 
and are very difficult to treat.

Complications after revision THA are indeed 
challenging. Adequate knowledge of the problem 
is critical before treating these patients given the 
higher complication rate than in primary 
THA.  Despite the relatively low frequency, the 
consequences increase mortality and morbidity 
rates sincere revision procedures have inferior 
results than the first revision.

6.8	 �Conclusions

Complications after revision THA are indeed 
challenging. Adequate knowledge of the problem 
is critical before treating these patients given the 

a b

Fig. 6.6  (a) Sixteenth-year postoperative radiograph of 
an arthroplasty resection of the hip due to a periprosthetic 
total hip arthroplasty; (b) fifth-year postoperative radio-

graph after a bone impaction grafting technique on ace-
tabular and femoral sides
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higher complication rate than in primary 
THA.  Improvements in register data during the 
last decades are providing interesting results after 
deep analysis with important clinical interpreta-
tions. Revision THAs are more and more com-
plex procedures due to patient’s age, 
comorbidities, and previous implants. Despite 
the relatively low frequency, the consequences 
increase mortality and morbidity rates since re-
revision procedures have inferior results than the 
first revision.

Complications after revision THA are the same 
than after primary THA; however, there are some 
differences to note. Dislocation is gaining impor-
tance as the most frequent reason for revision 
after primary THA due to improvements in bear-
ing surfaces performances during the last 20 years 
in contrast to wear, lysis, and loosening. Instability 
is more important after revision THA indeed. A 
proper reconstruction of the rotation hip center 
and the abductor mechanism is more difficult in 
major revision procedures. To date, deficiencies in 
proximal femur and gluteus muscles are relatively 
frequent particularly in patients with multiple-
revision procedures. Surgical technique and alter-
native acetabular components such as 
dual-mobility cups may improve outcome.

Other major complication is a periprosthetic 
femoral fracture. Bone defect determines out-
come in both acetabular and femoral sides. A 
detailed preoperative planning is critical before 
performing surgery, and all surgical issues ought 
to be ready. At this point, the surgeon must note 
that the final intraoperative bone defect will be 
determined after removal of the previous femoral 
component. Periprosthetic femoral fractures are 
more frequent after revision THA than after pri-
mary THA.  Intraoperative, at an early or a late 
follow-up, is related to bone defect regardless 
during insertion of a new stem, an underdiag-
nosed fracture, of osteopenic bone.

Finally, infection is the most devastating com-
plication. The surgeon ought to know the impor-
tance of not only early- but late-onset 
periprosthetic THA infection. As previously 
mentioned, the increasing patients’ age and 
comorbidities are of influence at this point. 
Recent advances in modern oral antibiotic proto-

cols and bone defect and soft tissue management 
are showing promising results.
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7.1	 �Introduction

The history of shoulder arthroplasty begins in 
the late nineteenth century with Themistocles 
Gluck and Jules Emile Péan [1], but its clinical 
contribution to shoulder surgery remained rela-
tively anecdotal until the initial design created in 
1952 by Dr. Charles Neer, which served as a 
solution for complex proximal humerus frac-
tures in which avascular necrosis and ankylosis 
were common complications [2]. At that time, 
the design was a monobloc humeral stem with 
only three sizes, and there was no option to 
resurface the glenoid. In 1974, he published his 
results with total shoulder arthroplasty for pri-
mary osteoarthritis, with an early design of a 
cemented polyethylene glenoid component [3]. 
Since then, shoulder arthroplasty design has 
continued to evolve into a wide variety of ana-
tomic and reverse systems, including stemmed, 
stemless, cemented, cementless, and modular 
implants.

7.2	 �Epidemiology

The incidence of shoulder replacement surgery is 
increasing worldwide. A 141.4% increase has 
been reported between 2008 and 2017  in 
Australia, with an annual incidence of 26/100,000 
inhabitants in 2017 [4]. A similar trend has been 
reported in other countries, such as Norway, 
Sweden, New Zealand, Denmark, and Germany, 
with annual incidence rates anywhere from 8 to 
34/100,000 [5].

Along with that dramatic increase, there has 
been a concomitant rise in the number of revision 
surgeries. With a reported revision rate of 2.8–
10.9% [4, 6, 7], an increasing number of revision 
procedures can be expected as surgical indica-
tions are expanded.

The most common indications for total shoul-
der replacement include inflammatory arthritis, 
primary osteoarthritis, instability arthritis, post-
capsulorrhaphy arthropathy, rotator cuff-deficient 
arthritis, advanced avascular necrosis, and intra-
articular fractures. The underlying etiology 
seems to influence the clinical outcome and lon-
gevity of the implant.

In that regard, national registries have proven 
to be excellent tools to further analyze revision 
surgery. The Australia National Joint Registry of 
2018, for example, is rich with information. In 
Australia, the revision rate for hemi-resurfacing 
arthroplasty is 12%, and the main reasons for 
revision are glenoid erosion and pain, which 
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account for almost 50% of revision cases. This is 
followed by rotator cuff insufficiency and com-
ponent loosening. Of the total revisions, 54% fol-
low a reverse shoulder arthroplasty, and 45% 
follow an anatomic arthroplasty. Patients aged 
65–74 have a 50% reduced hazard ratio for revi-
sion compared to patients <55  years. There 
appears to be no difference in revision rates when 
comparing the underlying diagnoses in stemmed 
hemiarthroplasty (8.4% for fracture vs. 9.3% for 
osteoarthritis).

The indication for revision, however, does 
seem to vary according to the underlying diagno-
sis. In those cases where hemiarthroplasty was 
performed for a fracture, the most common rea-
sons for revision were rotator cuff insufficiency, 
followed by instability, or dislocation. For those 
whose primary diagnosis was osteoarthritis, gle-
noid erosion was the most frequent reason for 
revision, followed by instability. Cemented stems 
and patients older than 75 years had a lower revi-
sion rate in the fracture group.

Anatomic total shoulder arthroplasty in the 
Australian National Joint Registry has demon-
strated a rapid decrease since 2010 with a simulta-
neous increase in reverse shoulder arthroplasty, 
which accounted for over 70% of all the total shoul-
der arthroplasties performed during 2017. The revi-
sion rate for anatomic versus reverse shoulder 
arthroplasty was 12.6% and 7% at 10 years, respec-
tively. Anatomic shoulder arthroplasty did not show 
different revision rates when performed for fracture, 
osteonecrosis, or osteoarthritis.

Rotator cuff insufficiency, instability, and 
loosening account for almost two-thirds of the 
reasons for revision in anatomic arthroplasties. 
Half of the revisions were of the humeral compo-
nent only, and 20% of them involved revision of 
both the humeral and glenoid components. There 
was an increased rate of revision with cementless 
glenoid components and in patients younger than 
55 years.

In the case of reverse shoulder arthroplasty, 
there was an increased rate of revision at 3 months 
when performed for fracture, but the rate stabi-
lized after that. Instability, infection, loosening, 
and fracture accounted for over 85% of the revi-
sion causes. Age was not a reason for revision 

when performed for osteoarthritis, but when per-
formed for fracture or rotator cuff arthropathy, 
patients older than 75 years had a lower revision 
rate [4].

7.3	 �Causes for Revision

7.3.1	 �Infection

Periprosthetic joint infection after total shoulder 
arthroplasty has been reported to have an inci-
dence between 1% and 4% and accounts for 
3–5% of all complications following anatomic 
total shoulder arthroplasty [8–11]. A higher 
infection rate has been reported following reverse 
shoulder arthroplasty, and it has been found to be 
up to 6.11 times greater than after anatomic 
shoulder arthroplasty [12]. It has been hypothe-
sized that postsurgical hematoma formation in 
the subacromial space may contribute to its 
development [13, 14].

A systematic review by Zumstein et  al. 
reported a 2.9% rate of deep infection rate after 
primary RTSA and 5.8% after revision RTSA 
[15]. Walch et  al. compared their results after 
RTSA between the years 1995 to 2003 versus 
2003 to 2007 and found a marked decrease in 
infection rates between those time periods (from 
4% to 0.9%). The authors postulated that sur-
geon experience, perhaps through more refined 
indications and surgical technique, may be para-
mount to avoiding or minimizing this complica-
tion [16].

Some patient populations are at greater risk 
for deep infection, such as patients with rheuma-
toid arthritis. These patients reportedly have up to 
2.6 times higher risk of infection after joint 
arthroplasty [17, 18]. A case-control study by 
Bala and colleagues found an increased risk of 
infection in patients with HIV infection (OR 
1.36; 95% CI, 1.01–1.82) [19].

Smoking has also been correlated with 
increased infection rates with a hazard ratio of 
7.27 for current smokers and 4.56 for former 
smokers (those who had not smoked within 
1  month prior to surgery) [20]. In addition, an 
increased risk of infection after total shoulder 
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arthroplasty has been found in male patients, 
those with a traumatic indication, prior local 
infection, prior non-arthroplasty shoulder sur-
gery, revision arthroplasty, long-term corticoste-
roid use, and the need for perioperative allogeneic 
red blood cell transfusion [21, 22].

The most commonly cultured organisms in an 
infected shoulder arthroplasty are the Cutibacterium 
acnes (formerly Propionibacterium acnes) and 
coagulase-negative Staphylococcus spp. It is com-
mon to find these organisms in the setting of a sub-
acute infection, where pain may be the only 
apparent manifestation and the classic signs of 
infection, such as fever, erythema, warmth, and 
purulence may be less prominent. A careful history 
can reveal details that help with the diagnosis, such 
as pain at rest and stiffness.

C. acnes is a well-known gram-positive rod 
found in the skin as a commensal, with younger 
male patients having a higher bacterial burden. It 
has been implicated in chronic skin diseases, 
such as acne vulgaris, and deep infections associ-
ated with prosthetic devices. Torrens et  al. iso-
lated positive cultures for C. acnes in the deep 
layers of 18.8% of their patients undergoing a 
primary reverse total shoulder arthroplasty. Of 
those cases, however, with a minimum follow-up 
of 1 year, only one patient (1.1%) developed an 
infection at 6  months after the procedure, sug-
gesting that the presence of this organism does 
not guarantee an infection and may not be the 
only risk factor [23]. C. acnes infection is more 

frequently associated with male patients, cloudy 
synovial fluid, humeral osteolysis, humeral loos-
ening, glenoid wear, and membrane formation 
(Fig. 7.1) [24].

More “classic” clinical findings suggesting 
infection may be encountered in the setting of a 
more aggressive organism, such as Staphylococcus 
or Streptococcus spp. In these instances, bone oste-
olysis and implant loosening, swelling, erythema, 
and increased blood infection markers may be 
present [12, 21, 25].

Diagnosis of infection can often be difficult, 
with pain and limited range of motion being the 
most common clinical complaints [26]. Good-
quality radiographs can help rule out conditions 
that may mimic or coexist with an infected shoul-
der arthroplasty, such as post-arthroplasty rotator 
cuff failure. It is common practice to obtain a base-
line laboratory analysis with white blood cells 
(WBC) (percentage polymorphonuclear cells), 
erythrocyte sedimentation rate (ESR), and 
C-reactive protein (CRP). Computed tomography 
(CT) scans can be useful to detect osteolysis and to 
assess remaining bone stock. Ultrasonography and 
magnetic resonance imaging (MRI) with metal 
subtraction protocols can determine the presence 
of local abscesses, effusion, or osteomyelitis. 
Scintigraphy can detect inflammation but may not 
be useful in low-grade infections [27, 28].

Synovial fluid analysis from an aspiration or at 
the time of revision surgery should include cell 
count, gram stain, cultures for aerobes, anaerobes, 

Fig. 7.1  In these 
images, the picture on 
the right shows an early 
glenoid component 
loosening, 1 year after 
the index procedure 
(picture on the left). A 
guided aspiration was 
obtained, and cultures 
were positive for C. 
acnes infection
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fungi, and mycobacteria and should be held for up 
to 4 weeks [24]. Unfortunately, a negative culture 
or gram stain does not always rule out infection. 
Intraoperatively, at least five biopsy samples 
should be sent for gram stain and frozen section 
[29]. Interestingly, increased body mass index, 
diabetes severity, and asymptomatic bacteriuria or 
abnormal urinalysis have not been associated with 
increased rates of infection [12, 30–32].

7.3.2	 �Instability

7.3.2.1	 �Instability After Anatomic Total 
Shoulder Arthroplasty (TSA)

Instability after anatomic total shoulder arthro-
plasty is a relatively common complication, with 
a reported prevalence ranging from 1% to 3% 
[11, 33]. It can occur secondary to insufficient 
bone stock, inadequate soft tissue balance, com-
ponent malalignment, or loosening.

Severe primary osteoarthritis, as well as post-
capsulorrhaphy arthritis, can lead to excessive 
acquired retroversion of the native glenoid. 
Anterior wear is more uncommon, but it can be 
found in patients with chronic anterior glenohu-
meral dislocations, glenoid fractures, or rheuma-
toid arthritis. Failure to identify and correct this 
deformity can result in glenoid component 
malalignment and either posterior or anterior 
instability. Humeral component malpositioning 
is usually less critical, but it can also play a role 
in instability.

Diagnosis can be difficult, and a careful physi-
cal examination is paramount. In some patients, 
dislocation of the glenohumeral joint can be 
obvious radiographically, but in the setting of 
subluxation, findings will be more subtle. 
Excessive translation of the humeral head or a 
positive load-and-shift test can help the examiner 
in the diagnosis of these cases [34, 35].

Anterior instability after anatomic total shoul-
der arthroplasty has been reported in 0.9% of the 
patients [11] and has been associated with sub-
scapularis failure, retroversion of the humeral 
component of less than 20° [36], anterior glenoid 
deficiency, and anterior deltoid dysfunction [11]. 
Of these causes, it is thought that subscapularis 

dysfunction plays a major role. In these patients, 
a positive lift-off test and/or belly press test can 
be found [37].

Management of the subscapularis during the 
initial surgery remains controversial, as some 
authors report improved outcomes after a lesser 
tuberosity osteotomy (LTO) versus a tenotomy or 
peel technique [38]. This clinical finding has 
been supported by biomechanical analyses [39, 
40]. However, the peel technique or tenotomy of 
the subscapularis avoids the potential complica-
tion of LTO nonunion [41]. To date, there is 
insufficient high-level clinical evidence to 
strongly support one technique over the others.

In addition to technique, overstuffing the joint 
with an excessively large humeral head and 
medialization of the tendon insertion may lead to 
failed subscapularis failure. Excessively early 
mobilization, aggressive physical therapy, or 
postoperative trauma can also disrupt the sub-
scapularis tendon repair.

Posterior instability after TSA occurs with a 
similar frequency as anterior instability (1%) 
[11] and has been associated with soft tissue 
imbalance. While posterior rotator cuff dysfunc-
tion and capsular laxity have been most com-
monly implicated, component malalignment and 
posterior bone loss can also play a role [34, 42]. 
Glenoid retroversion over 20° and humeral com-
ponent in more than 45° of retroversion have 
been described as potential causes of posterior 
instability [36]. Sanchez-Sotelo and colleagues 
recommended that surgeons pay close attention 
to the humeral neck cut angle and the subscapu-
laris tendon repair and address any posterior gle-
noid bone loss to minimize the potential for this 
complication. In addition, posttraumatic osteoar-
thritis or preoperative humeral subluxation 
should be carefully evaluated [34].

Rotator cuff failure is one of the most com-
mon complications after anatomic total shoulder 
replacement. A recent analysis of complications 
reported to the US Food and Drug Administration 
(FDA) demonstrated that among all the compli-
cations found after 1673 anatomic total shoulder 
replacements, posterior-superior rotator cuff and 
subscapularis failure were second only to glenoid 
component failure, representing 15.4% of all the 
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complications [9]. Rotator cuff failure allows the 
humeral head to migrate proximally, leading to 
superior instability (Fig. 7.2). Reported in up to 
3% of cases [11], superior instability may be the 
single most common direction of instability fol-
lowing anatomic shoulder arthroplasty.

The rotator cuff can be compromised during 
the index procedure, specifically if an aggressive 
humeral resection is performed or if the cut is 
placed in too much retroversion [43]. 
Postoperative rotator cuff failure can also occur, 
with reported rates from 1.3% to 5.8% [11, 37]. 
Several factors have been found to affect supe-
rior instability: fatty infiltration of the infraspi-
natus, rotator cuff tear size, coracoacromial arch 
insufficiency, anterior deltoid dysfunction, 
humeral head overstuffing and malpositioning, 
and tuberosity nonunion in the setting of fracture 
[44, 45].

Inferior instability often occurs when the 
humeral length is not restored and deltoid ten-
sioning is therefore not achieved. This has been 
reported to be more common after four-part prox-
imal humerus fractures, where the stem can be 
accidentally seated too low due to a loss of ana-
tomic references. Warren recommends inferior 
distraction of the humerus to detect this issue 
intraoperatively. When this maneuver is per-
formed, the head should ideally remain within 
the upper one-third of the glenoid. Inferior insta-
bility may also occur in a setting of an axillary 
nerve palsy or rotator interval insufficiency in 

which the dynamic stabilizers are inadequate to 
hold the glenohumeral joint reduced [42].

7.3.2.2	 �Instability After Revision Total 
Shoulder Arthroplasty (RTSA)

Trappey et  al. reported an instability rate after 
RTSA of 5% following primary cases and 8% 
following revision arthroplasty [46]. The mecha-
nism of dislocation is typically adduction and 
internal rotation and most commonly occurs 
within the first 3 months following surgery. Up to 
50% of these will have good outcomes with con-
servative treatment after successful closed reduc-
tion. Late dislocations that occur over 3 months 
after the index procedure often require surgical 
treatment [47].

Abdelfattah et  al. proposed a classification 
system for instability after reverse total shoulder 
arthroplasty. They described three main catego-
ries: loss of compression, loss of containment, 
and impingement.

They further divided loss of compression into 
undersized implants, loss of deltoid contour, 
humeral height loss, subscapularis deficiency, 
acromial/scapular fracture, and deltoid dysfunc-
tion (Fig. 7.3).

Loss of containment can be subclassified into 
alteration of depth/radius ratio of the humero-
socket and mechanical failure (such as 
glenosphere-baseplate dissociation, stem 
fracture, or humerosocket dissociation at the 
trunnion).

Fig. 7.2  Rotator cuff 
failure can lead to 
superior instability. The 
radiograph on the left 
demonstrates proximal 
migration of the 
humerus, which led to 
glenoid component 
fixation failure through 
the so-called rocking 
horse mechanism. This 
patient eventually 
underwent revision 
surgery to a reverse 
shoulder arthroplasty 
(right)
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Impingement can occur in a setting of a large 
body habitus, with the axillary soft tissue creat-
ing a levering-out effect with traction from the 
weight of the arm. Furthermore, soft tissue or 
bony impingement can occur in a fracture setting 
with unreduced retained tuberosities, malunion, 
or heterotopic ossification; prosthetic malalign-
ment may play a role if the humeral component 
prematurely contacts the glenoid neck in adduc-
tion [48]. This can be modified by changing the 
glenosphere size, the baseplate placement, offset 
or tilt or the neck-shaft angle, and version of the 
humeral component [49].

Trappey and colleagues also found that 
patients with an irreparable subscapularis had a 
higher rate of instability [46]. A meta-analysis by 
Matthewson et  al. concluded that subscapularis 
repair decreases the rate of instability, and in 
those cases when it cannot be repaired, a lateral-
ized center of rotation results in significantly 
lower dislocation [50]. Owing to the preservation 
of the subscapularis tendon insertion, a superior 
subscapularis-sparing approach may lower the 
risk of dislocation, with reported rates of instabil-
ity as low as 0%. However, glenoid exposure and 
baseplate placement using this approach may be 
significantly more challenging [51]. Subscapularis 
involvement in RTSA instability remains contro-
versial in the existing literature, as similar clinical 
results with or without subscapularis repair have 
been reported [52].

7.3.3	 �Component Loosening

7.3.3.1	 �Anatomic Total Shoulder 
Arthroplasty Loosening

Prosthetic loosening has been reported to repre-
sent 12.4–39% of the complications after ana-
tomic total shoulder arthroplasty [11]. 
Radiolucencies, calcar resorption, or scapular 
notchings are common findings after anatomic 
and reverse shoulder replacement, but not all of 
them may be clinically relevant. In the presence 
of pain or gross implant migration, however, fur-
ther investigation is warranted.

Glenoid component loosening occurs more 
frequently than aseptic humeral component loos-
ening, representing over 80% of fixation failures 
[11]. Positive radiographic findings of lucencies 
about the component vary from 12% to 94% in 
the literature, but these do not necessarily corre-
late with clinical findings. In this regard, surgical 
technique must be meticulous, as it has been sug-
gested that the presence of lucent lines and fur-
ther frank loosening may be related to the 
presence of cement on the backside of the gle-
noid component. This may indicate suboptimal 
bone preparation of the native glenoid and/or 
suboptimal seating of the component [53, 54].

Loosening can occur due to uneven force dis-
tribution in the setting of glenohumeral instabil-
ity (the so-called rocking horse mechanism) [55] 
due to proximal migration of the humeral head in 

Fig. 7.3  This patient sustained an early dislocation after 
a reverse total shoulder arthroplasty (left). He underwent 
a closed reduction, but examination under anesthesia 

revealed instability of the implant (center). Therefore, 
revision to a larger glenosphere and a retentive polyethyl-
ene was warranted (right)
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the setting of rotator cuff failure or due to infec-
tion, lack of bone stock, or poor bone fixation. 
Shoulder biomechanics may also play a role. 
Compared to other joints, the humeral head 
appears to have larger “play in the socket,” which 
may explain the faster polyethylene wear that has 
been found in explanted shoulder liners when 
compared to equivalent hip inserts [56].

Papadonikolakis found an asymptomatic 
radiolucency rate of 7.3% per year and symptom-
atic loosening of 1.2% per year, with more 
asymptomatic lucencies found in keeled versus 
pegged implants [57]. Biconcavity of the native 
glenoid and increased glenoid retroversion may 
also lead to increased component loosening. 
Walch et al. found a 21% loosening rate in bicon-
cave glenoids and a 44% complication rate asso-
ciated to retroversion greater than 27° [58].

Others have found that metal-backed glenoid 
implants have a revision rate up to three times 
higher than all-polyethylene components [57]. The 
Australian registry demonstrated an increased revi-
sion rate in both fixed and modular metal-backed 
glenoid components. They reported a significantly 
higher revision rate of non-cross-linked vs. cross-
linked glenoid components with a hazard ratio of 
2.38, but they found no differences in the revision 
rate between cemented versus hybrid glenoid com-
ponents in total shoulder arthroplasties [4].

Stem aseptic loosening is much less common 
than glenoid failure, accounting for 7% of the 
complications after TSA [11]. In defining stem 
loosening in non-cemented stems, Sperling 
described eight radiographic zones around the 
humeral stem and concluded that a humeral com-
ponent was “at risk” if a lucent line 2  mm or 
greater was found in at least three zones [59]. 
Sanchez-Sotelo used the same parameters to suc-
cessfully evaluate radiographic loosening in 
cemented stems [60]. Changes at the bone-implant 
interface on the humeral side in the presence of a 
glenoid component have raised concerns about 
osteolysis and symptomatic loosening in the set-
ting of polyethylene particle debris [45, 60].

7.3.3.2	 �Reverse Total Shoulder 
Arthroplasty Loosening

Boileau reported that among all the causes that 
led to revision surgery after a failed RTSA, 21% 

were due to humeral side complications. It was 
the second most common cause of revision after 
instability. He found that humeral loosening was 
often related to biological causes (polyethylene 
wear and metallic debris), in addition to mechan-
ical causes (rotational forces) [47]. Radiographic 
loosening is rare, with a reported prevalence of 
less than 1% [61], but proximal humerus bone 
loss in a proximal humerus fracture setting, for 
instance, can decrease mechanical strength of the 
humeral stem leading to an increased risk of 
humeral-sided failure [62].

Glenoid component loosening is uncommon 
in the setting of RTSA and can be minimized by 
careful surgical technique [63]. Avoidance of 
superior tilt, placement of the baseplate at the 
most inferior aspect of the glenoid, and achieve-
ment of adequate primary stability that allows 
bone ingrowth are paramount [47, 63].

The influence of scapular notching on glenoid 
component loosening after reverse shoulder 
arthroplasty remains controversial, as some series 
report increased loosening rates related to scapu-
lar notching (Fig. 7.4) [14, 64, 65], while others 
report no association [15, 66, 67]. The use of a 
superior approach has been reported to increase 
prevalence of scapular notching [67], which sug-
gests that this approach may indirectly increase 
the risk of loosening. Lateral and inferior offset of 
the glenosphere, on the other hand, may minimize 
radiographic loosening, though some lateralized 
designs have been reported to potentially lead to a 
higher rate of component dissociation [68].

7.3.4	 �Periprosthetic Fractures

Periprosthetic fractures can occur both intraopera-
tively and postoperatively. The rate of intraoperative 
periprosthetic fractures has been reported to be 
between 1.3% and 5.1% [9, 11, 69], with a similar 
distribution between humeral and glenoid fractures 
[25]. Female sex, greater number of comorbidities, 
and a primary diagnosis of posttraumatic osteoar-
thritis have all been associated to higher rates of 
periprosthetic fracture [25].

The increased risk in women may be explained 
by the fact that rheumatoid arthritis and osteopo-
rosis are more common in this population [70]. 
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The relationship between posttraumatic osteoar-
thritis and intraoperative fracture may be related 
to the increased joint stiffness in these patients, 
placing greater torque forces during retraction, 
which eventually may lead to an intraoperative 
fracture. Implant stability and fracture pattern 
may ultimately determine if further intervention 
is required, such as exchange to a longer stem or 
open treatment with internal fixation [71].

Postoperative periprosthetic fractures have 
been reported to occur in 1–3% of cases [72]. 

Wright and Cofield described the most widely 
used classification of periprosthetic fractures. 
According to their classification, type A fractures 
do not extend beyond the tip of the stem, type B 
fractures start around the stem and end distal to 
the tip of it, and type C fractures are distal to the 
tip of the stem [73].

When evaluating these fractures, implant sta-
bility and remaining bone stock will determine 
further treatment (Fig. 7.5). Campbell described 
a system to classify bone quality, in which the 

Fig. 7.4  Note the progression of the fixation failure of the baseplate with radiographic evidence of scapular notching 
and a broken screw and the subsequent glenoid component revision

Fig. 7.5  This 64-year-
old patient sustained a 
fall, resulting in a type B 
fracture, according to 
the Cofield and Wright 
classification (left). 
Intraoperatively, the 
stem was deemed 
well-fixed, and therefore 
open reduction and 
internal fixation were 
performed (right)
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bone is considered normal if the ratio between 
the mid-shaft cortices and the shaft diameter is 
greater than 50%, mild osteopenia if it is between 
25% and 50%, and severe osteopenia if it is 
below 25%. He found that 75% of the patients in 
his series of periprosthetic fractures met the defi-
nition for osteopenia.

While implant stability is ultimately deter-
mined intraoperatively, preoperative radiographs 
can help the surgeon plan and predict fixation sta-
bility. As described earlier, when lucent lines 
greater than 2 mm are found in at least three of 
the eight zones described by Sperling, the sur-
geon may anticipate stem loosening [59]. Implant 
subsidence or tilt can also help determine the 
quality of stem fixation before the procedure and 
allow the surgeon to prepare accordingly.

7.4	 �Conclusions

While total shoulder replacement has added to 
our ability to salvage painful shoulders following 
severe trauma or late-stage arthrosis with and 
without rotator cuff deficiency, we have also 
learned that there are limitations to the expecta-
tion for a functional, pain-free shoulder. While 
complications following shoulder arthroplasty 
can be frustrating for both the patient and sur-
geon alike, it is unfortunately a reality that all 
arthroplasty surgeons will encounter at some 
point in their career.

Recognizing complications and potential fail-
ure may be difficult, since many of the signs and 
symptoms can be nonspecific, such as pain, 
weakness, and stiffness. However, timely recog-
nition and accurate diagnosis are critical to avoid-
ing a suboptimal outcome. Careful history, 
physical examination, and good quality imaging 
studies are essential, but further testing is often 
necessary and may include blood work, aspira-
tion, CT, MRI or ultrasonography.

Perhaps as important as early diagnosis, how-
ever, may be striving to avoid complications alto-
gether. By understanding the common modes of 
failure, learning to avoid them, and careful patient 
selection, surgeons may ensure better outcomes 
for their patients. As we continue to care for ever 

increasing numbers of patients with end-stage 
shoulder degeneration and severe trauma, we 
must continue to exercise judicious indications 
and meticulous technique and undertake thought-
ful review of our outcomes.
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8.1	 �Introduction

Revision arthroplasty of any joint is always chal-
lenging. In the shoulder, were the soft tissue is so 
vital for joint stability and mobility, it poses an 
extra challenge. The advent of reverse shoulder 
arthroplasty and platform arthroplasty systems 
has changed the way prior failed anatomic arthro-
plasty is managed, but they are challenging pro-
cedures and subject to a high number of 
complications. Glenoid or humeral bone loss, the 
presence of a well-fixed stem, the increasing inci-
dence of periprosthetic fractures, and the exis-
tence of instability pose distinct situations that 
must be addressed during revision surgery. The 
surgeon facing this kind of operations must be 
facile with a significant number of procedures to 
expeditiously address these situations. There has 
been a trend toward increasing the use of reverse 
shoulder arthroplasty in the revision setting due 
to the fact that many of these patients have com-
promised cuff function. We will review some of 

the current problems and, hopefully, some of the 
possible solutions.

8.2	 �Preoperative Planning

Preoperative planning helps define the strategy 
for revision surgery. Quoting Benjamin Franklin, 
“Failure to prepare is preparing to fail.” The del-
toid must be explored for axillary nerve injury as 
an injury to the nerve changes patient’s expecta-
tions and results. Damage to the terminal 
branches of the deltoid, which affect the most 
anterior part of the deltoid, may, in itself, not 
compromise the results of the surgery. Computed 
tomography (CT) scan evaluation to address pos-
sible bone loss is critical. Ultrasound can be used 
to assess the state of the remaining rotator cuff. 
Magnetic resonance imaging (MRI) in the pres-
ence of previous arthroplasties is less useful due 
to the presence of signal interference, even with 
the use of modified protocols.

Previous skin incisions must be explored. 
Adhesion of skin to deeper structures must be exam-
ined. We favor long deltopectoral lateral skin inci-
sions, and we prefer incorporating the old incision 
into the planned approach as much as possible.

Most revision surgery patients are affected to 
some extent with stiffness, so appropriate releases 
must be performed. Bone loss and soft tissue 
contracture are the most common reasons for 
stiffness and must be addressed. Stiffness may 
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increase the risk of intraoperative fracture, and 
meticulous dissection of the surrounding soft tis-
sue is necessary (Table  8.1). Occasionally, an 
extended anterolateral approach may be required 
to expose the humerus while minimizing the risk 
of intraoperative fracture.

Most of the shoulder revision surgery is due to 
glenoid failure, many of which have underlying 
anterior or superior instability. This compromised 
cuff function compromises the results of a new 
total anatomic shoulder, so there has been a trend 
toward revision using reverse shoulder arthroplasty. 
While the number of complications has been ini-
tially high, the improved understanding knowledge 
of how this implant works and new improvements 
in implant design and surgical technique has fos-
tered its use in revision situations [1–3].

The appropriate implants must be available, 
including long stems, big heads, and metaglenes 
with long pegs and augmented baseplates. A 
high-speed burr and a flexible saw with a set of 
osteotomes may be necessary to revise the 
humeral implant, as well as a cerclage system to 
fix the osteotomy. Small screws may be neces-
sary to graft the glenoid, and plates might be 
required in case of an allograft-prosthetic com-
posite type of reconstruction for the proximal 
humerus or a periprosthetic fracture.

8.3	 �Surgical Technique

8.3.1	 �Anesthesia and Patient 
Positioning

We favor general anesthesia with the use of an 
interscalene block for pain management with 

hypotensive measures to decrease the risk of 
bleeding. Additionally, we use tranexamic acid 
intravenously or at the end of the procedure, 
depending on patients’ characteristics.

We place our patients in the beach chair posi-
tion. The scapula must be accessible, and putting 
the patient very lateral on the table or using a spe-
cific shoulder surgical table can achieve this. We 
use a static adjustable stand to place the arm, but 
pneumatic specific arm holders or a simple Mayo 
stand can be used. Changing the arm position 
during the procedure as well as the height or 
inclination of the surgical table might be helpful.

8.3.2	 �Approach

In case of revision surgery, most patients will ben-
efit from a long deltopectoral approach. Ideally, 
the incision will be placed lateral to the conjoined 
tendon, but we generally try to incorporate the 
previous skin incision. If sinus tracts are present, 
the whole sinus tract is removed. Staining the 
sinus tract with methylene blue might be helpful 
to determine the extent of the tract. A long delto-
pectoral approach benefits from access to the dis-
tal insertion of the deltoid and humerus and can be 
extended anterolaterally to expose the whole 
humerus if necessary. In cases of distal extension, 
it is safer to dissect and control the radial nerve at 
the beginning of the procedure. A proximal exten-
sion can be performed up to the clavicle for resec-
tion of the distal clavicle, which can serve as bony 
autograft if needed.

We tend to leave the cephalic vein in the prox-
imal part of the interval so it can guide the dissec-
tion, should revision surgery be necessary. 
Dissecting the cephalic vein and protecting it are 
probably best for the patient to avoid hand swell-
ing. Finding the deltopectoral interval can be 
difficult in revision cases. To be most efficient in 
cases where the vein is not found, or the delto-
pectoral interval is not evident, one can palpate 
the acromioclavicular joint and slide medially 
2–3 cm, which marks the medial end of the del-
toid muscle and then progress distally toward the 
deltoid insertion. Where to place the vein is 
controversial. Our preference is to place the vein 

Table 8.1  Causes for revision surgery after 
hemiarthroplasty

• Infection
• Stiffness
• Instability
• Rotator cuff tearing or muscle deficiency
• Deltoid detachment or paralysis
• Greater tuberosity problems (nonunion, resorption)
• Humeral loosening
• Component malposition
• Glenoid arthritis
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medial in primary cases, which requires ligation 
of the vessels feeding the deltoid. In revision 
cases our preference is to place the vein laterally 
just in case there is a need to extend the dissec-
tion distally so it does not get in the way. A 
Hohman retractor is placed over the coracoid and 
under the distal part of the deltoid to provide ini-
tial tension for further subdeltoid dissection.

Subdeltoid release of adhesions is usual, and 
we perform this by placing the arm in abduction 
to decrease the tension of the deltoid, and we then 
place the arm in progressive internal rotation 
until we have freed all adhesions. We must be 
careful to protect the axillary nerve at the lower 
part of the inner deltoid as we are dissecting these 
adhesions.

By using a long deltopectoral approach, we 
can perform a limited dissection of the distal 
insertion of the deltoid if we need access to the 
proximal part of the humerus, which is rather 
safe and does not compromise postoperative 
function. If we feel the deltoid is very scarred and 
rigid and can suffer during the approach, it is 
probably safer to extend the approach proximally 
and detach the deltoid from the clavicle (antero-
medial approach) (Fig. 8.1) [4]. The detachment 
is performed from medial to lateral and requires 
periosteal dissection to preserve the deltoid fas-
cia. On occasion releasing only the first 2 cm of 
this extensive approach is enough to decrease 
tension in the deltoid. A secure transosseous fixa-
tion and use of an abduction brace postopera-
tively are recommended to achieve healing of the 
deltoid. Other reasons to use this extended del-
toid include the realization of a frail deltoid, to 
minimize the stress of an osteopenic humerus 
during the approach, and to gain better access to 
expose the glenoid or the rotator cuff.

The next step is to perform subcoracoid dis-
section, as it is frequent to find adhesions that can 
limit the range of motion in external rotation. 
Careful dissection is necessary as excessive trac-
tion might injure the axillary nerve or the bra-
chial plexus and extension medial to the coracoid 
are not advised.

How to proceed from here depends on the 
cause of failure and our treatment strategy. If we 
are planning a revision to an anatomical total 

shoulder, delicate handling of the rotator cuff is 
warranted. We will then perform a tenotomy of 
the subscapularis. If the long head of the biceps is 
still present, we tenodese it at the proximal part 
of the groove so it can serve as an adjunct for 
later repair of the subscapularis. Performing an 
adequate release of the subscapularis is important 
for tension-free repair although it is compro-
mised. Releasing adhesions between the posterior 
part of the subscapularis and the anterior glenoid 
and capsule is critical not only to obtain the max-
imum range of motion but to gain control of the 
anterior wall of the glenoid vault which can be 
useful for intraoperative orientation for glenoid 
instrumentation.

We then go on to release the proximal humerus 
until we can perform a safe external rotation of 

D H

Fig. 8.1  Picture of an anteromedial approach to the 
shoulder in a revision shoulder case. In cases of scarring 
or stiffness, it can be difficult to get adequate exposure of 
the glenoid without injuring the deltoid. Performing an 
anteromedial approach is an excellent option to obtain 
improved exposure in revision cases. The anterior deltoid 
is released from its insertion in the clavicle (white dotted 
line). In the picture we observe the deltoid (D), and the 
medial insertion is being held with the forceps. 
H = humerus
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the arthroplasty to gain access to the head of the 
arthroplasty. In cases of pre-existing stiffness, 
external rotation is performed with caution; oth-
erwise we can produce a fracture. If the approach 
to the humerus is compromised, performing an 
anteromedial approach is justified. Most systems 
have instruments to disengage the humeral head 
from the stem, but in case of finding a non-
modular stem, we attempt to disimpact it from 
underneath with the use of a bolt and a mallet, 
which has to be done with care because there is a 
risk of fracturing the greater tuberosity. Once the 
head is removed, we gain more access to com-
plete the capsulotomy in the humerus. At this 
point, there is enough space to work around the 
glenoid to achieve the necessary capsulotomy.

8.3.3	 �Glenoid Component

Failure of the glenoid implant due to loosening is 
the most frequent cause for revision of glenoid 
failure after total shoulder arthroplasty (TSA) 
and is typically associated with osteolysis and 
bone loss. Bone loss can be due to primary pre-
existing asymmetric wear, aseptic loosening as 
just mentioned, and unintended bone loss when 
performing the explantation of the prior glenoid. 
As outlined by Antuña et al., these defects can be 
contained or uncontained and classified in terms 
of the quantity of the defect in mild, moderate, or 
severe [5]. In 17 out of 48 shoulders, the authors 
found associated instability. While radiologic 
lucent lines around the glenoid component are 
frequent, the definition of glenoid failure is some-
what equivocal. Most patients can have glenoid 
implant mobilization and be relatively asymp-
tomatic. The decision to operate on a mobilized 
glenoid is based on clinical symptoms, radiologic 
signs, desires and volition of the patient, and pos-
sible procedures and outcomes.

If the soft tissue are in good condition, glenoid 
revision can be attempted with a new glenoid 
implant. Implanting a new glenoid component 
achieves better pain relief than not revising the 
implant [5]. However, associated bone loss may 
preclude insertion at the same surgical procedure 

and can be deferred until graft consolidation. 
Reaming the remaining glenoid to achieve a con-
gruous surface and trying to center the humeral 
head on the glenoid are the goals of the procedure 
although bone grafting is preferable, as it rebuilds 
glenoid bone stock and can improve our chances 
to implant a new glenoid component.

If the surrounding tissues are not in perfect 
condition, revision to a reverse shoulder implant 
is probably preferable. In cases without glenoid 
loss, revision to a reverse shoulder arthroplasty is 
a straightforward procedure. We use a saw to cut 
the polyethylene in sectors, and we use a rongeur 
to take them out. We then use a reamer to prepare 
the glenoid surface, and the pegs can be over-
drilled. Implantation of the metaglene is then car-
ried out (Fig. 8.2).

If there is a bone defect of less than 2 mm and 
the shoulder offset is restored by the implant, no 
bone graft is needed. In cases of a peripheral gle-
noid defect with a stable implant and more than 
50% contact in native bone, structural autograft 
or allograft can be used to reconstruct the defect. 
Cases with more than 50% of a peripheral defect 
may need a structural autograft form the iliac 
crest. In cases of a central defect with more than 
30% contact, morselized autograft or allograft 
can be used to improve contact. If the contact of 
the implant with native bone is <30%, iliac crest 
autograft, distal clavicle, or allograft can be used 
[6]. The use of a reverse design produces signifi-
cant forces on the glenoid, and the graft can be 
performed as a single or a staged procedure; first, 
the graft is fixed with screws, and on a second 
procedure after graft healing, the baseplate is 
implanted (Fig. 8.3) [7].

8.3.4	 �Stem Exchange

Stem exchange can be a very challenging part of 
the procedure. Platform systems may signifi-
cantly reduce the time and burden of a revision 
stem procedure. While the rate of stem survival at 
10 years is greater than 90% and the risk of loos-
ening is circa 5%, the rate of stem exchange dur-
ing surgery approaches 50% during revision 
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Fig. 8.2  Glenoid component revision: Picture of a revi-
sion case after subscapularis failure after total shoulder 
arthroplasty (upper left). An adequate exposure is crucial 
to visualize a multipegged polyethylene glenoid (upper 
center). The glenoid is sawed until the glenoid face in 
quadrants (upper left), which are then removed with a ron-
geur (bottom left). A rest of cement is removed with 

osteotomes, and the glenoid is reamed to prepare it for 
placement of a metaglene (bottom center). The final X-ray 
shows a reverse shoulder arthroplasty. In this case the 
humerus was not exchanged and due to the modularity, 
the humeral head and a reverse tray were implanted which 
makes for an easier case

Fig. 8.3  Implanting a metaglene after glenoid bone graft-
ing. In cases with glenoid erosion or a central bone defect, 
one option is to perform a glenoid bone graft, in this case, 

using a distal femoral condyle (left). The metaglene is 
impacted into the glenoid vault (center) and fixed with a 
central screw and peripheral screws (right)
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shoulder arthroplasty [8]. The reasons for these 
are unclear, but version, height, and access to the 
glenoid can all precipitate the revision. The rea-
sons for exchanging the stem must be compelling 
because it is related to an increased amount of 
intraoperative complications including cement 
extrusion, intraoperative humeral shaft fracture, 
and tuberosity fractures.

In a cemented stem, we extract the humeral 
stem by impacting it from distal to proximal into 
the collar. If a collar is absent, we can perform a 
notch with a high-speed burr in the medial aspect 
of the stem and can then vertically impact into 
this notch from south to north. A best-case sce-
nario features the prostheses coming out with the 
whole mantle of cement. If the stem doesn’t 
come out, a longitudinal humerus split for the 
length of the prostheses is performed through the 
anterolateral cortex and the cement mantle typi-
cally reaching to the tip of the stem. Very care-
fully, osteotomes are used to crack this split open, 
and the stem is freed from the cement mantle and 
extracted carefully. However, when the stem is 
fully textured, it is probably safer to perform an 
anterior humeral window. The extent of the win-
dow starts proximally below the subscapularis 
insertion and extends to the end of the prostheses. 
A 1-cm-wide osteotomy including the insertion 
of the pectoralis major is favored. We prefer to 
drill holes at the corners to dissipate any energy 
created during the extraction to minimize the risk 
of fracture. A saw is used to connect the corners, 
and the window is elevated very carefully with 
the sequential use of osteotomes [9, 10].

When cement is retained, we must weigh the 
benefit of extracting all the cement and placing a 
longer stem, which requires time and effort and 
can compromise remaining stock against the pos-
sibility of implanting a shorter stem with a 
cement-in-cement technique. This technique has 
been proved safe and reliable at short follow-up 
in a group of patients at the Mayo Clinic [11].

Removing a well-fixed uncemented stem can 
be a grueling experience depending on the textur-
ing and the extent of the texturing of the stem. 
More modern stems are porous coated only prox-
imally, and this will facilitate removal. Otherwise, 
the need for an osteotomy dramatically increases. 

The first step is to disrupt the interface between 
the host bone and the prostheses while minimiz-
ing bone stock loss. We favor using a small burr 
and a saw or flexible osteotomies circumferen-
tially in the proximal part of the humerus. We 
then try to extract the humerus with the aid of the 
stem’s specific extractor or a fish-mouth clamp 
and a mallet. If this is unsuccessful, a longitudi-
nal osteotomy is performed with the use of a saw 
form the proximal part to the tip of the stem, and 
it is then pried opening carefully with the use of 
osteotomes (Fig.  8.4). After the stem has been 
extracted, the osteotomy is closed and secured 
with the aid of wire cerclage, and surgery is con-
tinued to insert another humeral component. 
Attention to correct version, height of the entire 
arm, and relationship with the greater tuberosity 
is advised to provide for the best outcome. 
Adequate reconstruction is based on the relative 
length of the deltoid to maximize stability and 
function.

Most typically bone loss will be minimal but 
will facilitate ease of extraction of the humeral 
implant. If there is a residual cement mantle, ide-
ally we should remove the cement mantle, but 
this can be a time-consuming and challenging 
process, and there is the risk of producing 
humeral fractures. A hip cement extraction set is 
helpful in these situations. Some surgeons are 
fond of ultrasound to help remove cement, but 
there is a risk of injuring the radial nerve. If the 
bone-cement mantle is stable, one option is to 
roughen the cement mantle and cement a new 
humeral component. This “cement-in-cement 
technique” has proven successful at midterm fol-
low-up. Wagner et al. reported on the use of this 
technique in revision surgery in 38 patients [11]. 
Specifically looking at the performance of the 
new implant, there was a new revision surgery in 
three patients at 3.7  years of follow-up. One 
patient was revised for humeral loosening, one 
patient for instability and glenoid loosening, and 
one for a periprosthetic humeral fracture, giving 
an overall implant revision-free survival at 
2  years and 5  years of 95% and 91%, respec-
tively. Additionally, there was one “at-risk” 
humeral component with moderate subsidence 
that was not revised at final follow-up and two 

R. Barco et al.



101

additional grade 3 humeral lucencies without 
subsidence. The authors reported seven (18%) 
non-displaced greater tuberosity fractures that 
happened in every case during stem removal.

Bone loss is typically seen proximally and 
depending on the extent, and quality of residual 

bone loss can be managed by neglecting it with 
or without exchanging the stem or by recon-
structing it with an allograft-prosthesis compos-
ite (APC) reconstruction or a tumor prostheses. 
Typically, defects of less than 5 cm with good-
quality residual bone can be safely revised with a 

Fig. 8.4  Exchanging a distally cemented humeral stem. 
Modern stems have specific impactors to explant a 
humeral stem. Proximal ingrowth or cement may difficult 
the explantation of a humeral stem. The use of flexible 
saws or a motorized router circumferentially around the 
humeral stem is a safe and easy way to control proximally 
porous coated stems (upper left). Longitudinal osteoto-
mies are somewhat necessary to disrupt the ingrowth or 
the cement mantle, which allow for safe removal of the 

stem. Osteotomes are useful to pry open the osteotomy 
(upper right). If unsuccessful, a humeral window allows 
for a safe extraction of the stem. Removal of the distal 
cement and reaming are performed, and wires are passed 
circumferentially to close the osteotomy prior to cementa-
tion (bottom left). After implantation of the final stem, 
there is mild proximal humeral loss, but the implant is 
stable (bottom right)
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new humeral stem, while defects greater than 
5  cm and bad-quality bone are revised with an 
APC technique.

Budge et al. in a series of 15 patients with an 
average proximal humeral bone loss of 38  mm 
(range, 26–72 mm) treated with modular implants 
without the use of allografts reported 87% of 
patient satisfaction with the procedure with 
improved function. They did not see loosening or 
subsidence at a minimum of 2 years and observed 
a fracture of a modular humeral stem, which 
inclined them to conclude that monobloc implants 
could decrease the risk of implant fracture [12]. 
Stephens et  al. also recommended the use of a 
monobloc stem in cases of revision without the 
need for allograft in case of moderate humeral 
bone loss (mean, 3.3 cm) [13].

Some surgeons are using tumor implants for 
proximal humeral bony defects as it is a more 
straightforward and yet effective way of treat-
ment [14]. Reconstruction of the humeral offset 
with a lateralized humerus design or the use of 
tuberosity augments may be useful to reduce the 
rate of implant instability due to the glenohu-
meral compressive forces provided by increased 
deltoid wrapping effect.

An APC technique is a technique in which a 
humeral stem is cemented in a matched proximal 
humerus allograft, and this construct is cemented 
into the native residual humerus [15–17]. This 
technique can be done with a step cut or with a 
simple cut, and we favor a plate fixation to add for 

stability and to improve bone integration. The deci-
sion to replicate the humeral length is based on the 
extent of humeral loss and also on the type of gle-
noid revision being performed. In most cases, a 
reverse glenoid configuration will be used, and 
depending on the distalization and the size of the 
glenosphere, one must fine-tune the predicted bone 
loss planned on the preoperative study. Typically, 
we will obtain marked bilateral radiographs, and 
we will measure the amount of bone loss and the 
level of healthy bone to plan the humeral cut. After 
performing the host humeral bone and performed 
the glenoid revision we perform a “shuck test” in 
which we pull downward from the elbow and 
gauge the amount of residual bone defect. Ideally, 
we will have information regarding the diameter of 
the diaphyseal humerus to match the native humeral 
width as much as possible. The humeral cut is a 
simple but essential step. It is important to prevent 
gapping when fixing the APC to increase host-
allograft contact. All efforts are made in order to 
make the cuts of the residual humerus and APC as 
parallel as possible to increase the rate of bony 
union. We trial the APC-trial composite before 
cementing, and after we are satisfied with the 
length and stability, we plan plate fixation by pre-
drilling the distal screws avoiding the trial stem.

The host humeral canal is then cemented, and 
the APC is introduced, and plate fixation is per-
formed. Residual instability is managed by 
increasing humeral polyethylene liners and aug-
mented humeral trays (Fig. 8.5). We favor using 

Fig. 8.5  Allograft-prosthesis composite (APC) tech-
nique. Prior to perform the APC technique, we obtain full-
length bilateral radiographs to measure the proximal 
humerus defect. At the far right, a postoperative radio-

graph of a reversed shoulder arthroplasty (RSA)-APC 
cemented distally and fixed with a plate with screws that 
avoid the stem distally and proximally
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allografts with remnants of the cuff, and we will 
try to suture the remaining cuff of the patient to 
the allograft to improve stability and function.

Sanchez-Sotelo et  al. reported on the use of 
APC reconstruction in eight primary and 18 revi-
sion TSAs with a compression plate fixation of 
the APC for bone loss after trauma, tumor resec-
tion failed hemiarthroplasty, revision of failed 
anatomical total shoulder arthroplasty, and failed 
reverse shoulder arthroplasty [17]. The main rea-
son for revision arthroplasty was instability. At a 
mean of 4 years follow-up, there were no clinical 
differences between primary and revision cases. 
No patient required revision for nonunion at the 
host-allograft junction. The time to union was 
7  months, and one patient required additional 
surgery for grafting. They reported cases of dislo-
cation, deep infection, one graft fracture, and one 
periprosthetic fracture distal to the APC construct 
with an overall survival rate at 5 years of 96%.

Other authors have used a step cut and 1.7-
mm cables to stabilize the proximal allograft to 
the native humerus. In a study reviewing 73 
patients with an average bone loss measured on 
immediate postoperative radiographs of 55.0 mm 
(range, 20–211 mm), the authors observed union 
in the metaphysis in 39 of 73 patients (53%) and 
at the diaphysis in 61 of 73 patients (84%) [15]. 
Radiographic humeral loosening was observed in 
ten patients at final follow-up. The reoperation-
free survival rate of all reconstructions was 88% 
(30 of 34) at 5 years, 78% (21 of 27) at 10 years, 
and 67% (8 of 12) beyond 10 years with revision 
for periprosthetic fracture being the most fre-
quent cause.

Infection is concered with the use of bulky 
allografts, but in a series of 25 tumor patients, 
Meijer et al. showed good healing of the allograft 
union and only one case of infection which high-
lights that they can be used safely [18].

8.4	 �Revision for Infection

The rate of infection is variable, as multiple defi-
nitions for infection have been used across the 
literature, which makes a comparison between 
different results difficult [19]. Pottinger et  al. 

detected as much as a 56% rate of infection in 
revision shoulder arthroplasty which is much 
higher than the 1% overall risk after TSA and 3% 
after reversed shoulder arthroplasty (RSA) [20]. 
These numbers may be affected by certain preop-
erative risks such as being a male or having failed 
prior surgery for trauma. Richards et al. estimated 
the risk of being a male and having the need to 
use a shoulder arthroplasty for trauma increased 
the risk by 2.6 and 3, respectively [21].

Slow-growing pathogens cause most cases of 
infected revision arthroplasty, most typically 
Cutibacterium acnes and Staphylococcus epider-
midis, and it is typical that they cause mild symp-
toms (pain and stiff shoulder) with a discrete 
elevation of serological markers [C-reactive pro-
tein (CRP), erythrocyte sedimentation rate (ESR)] 
if any. A draining sinus is diagnostic of infection 
and should orient the presurgical study toward 
detection of other kinds of pathogens. Trying to 
detect the pathogen through aspiration can be per-
formed, and different test can be made. A cell count 
<200 cells/μL with greater than 70% polymorpho-
nuclear (PMN) cells has been suggested as an indi-
cation of late periprosthetic joint infection (PJI) 
[22]. The use of alpha-defensin in the aspirated 
liquid has been shown to have a sensitivity of 63% 
and specificity of 95% [23]. Cultivation of joint 
aspirate has been reported to have a sensitivity of 
82% in the diagnosis of PJI of the shoulder. 
Obtaining an odd number of periprosthetic mate-
rial (most usually, five) for biopsies during the sur-
gery and cultivation is the gold standard for 
infection, with efforts to try to minimize cross-con-
tamination. If there is a suspicion for infection by 
C. acnes, a long incubation time is recommended, 
at least 3 weeks, as many bacteria will appear only 
in the second week of incubation [20, 24].

When comparing the output of open biopsies 
and aspiration of synovial fluid, Dilisio et  al. 
found that open biopsy was more reliable with a 
sensitivity, specificity, positive predictive value, 
and negative predictive value of 100% compared 
to aspiration which had values of 16.7% sensitiv-
ity, 100% specificity, and a positive predictive 
value of 100% [24].

The surgical treatment of infection varies 
upon presentation, but it is classified into acute 
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and late presentations, 1 month being set as the 
arbitrary and artificial cutoff. Treatment of acute 
infection includes an aggressive surgical debride-
ment, copious irrigation, and exchange of the 
modular parts of the arthroplasty, if any, associ-
ated with empiric antibiotic therapy, until identi-
fication of the pathogen, is achieved. We favor 
using rifampicin as it is active against nonresis-
tant bacteria from the biofilm, as shown by 
Zimmerli et  al., associated with quinolones, or 
vancomycin, if resistance is a problem in the tar-
get population, until proper identification is per-
formed, for 6  weeks postoperatively [25]. With 
such treatment, success is in the realm of 80%.

Late infection is treated by debridement of the 
soft tissue, resection arthroplasty, a permanent 
spacer, and one-stage or two-stage septic revi-
sion. The rate of success in the treatment of PJI is 
greater with two-stage revision, but some of the 
patients are old, and there is an interest in per-
forming only one surgery (Table 8.2) [26–36].

After debridement, some authors have used a 
spacer to increase the local levels of antibiotics 
and to maintain the tension of the soft tissues. 
Some patients will be happy with space, while 
others will have pain from instability and contin-
ued glenoid erosion. Commercially available 
spacers can keep high levels of elution for a more 

extended time, but, in contrast, there is a limited 
choice of antibiotics to choose from.

Most typically a patient will undergo a two-
stage revision strategy, with the benefit of higher 
rates of eradication due to two surgical debride-
ments and hindered by the personal implications, 
cost, and complications of additional surgery. 
Most studies include the use of a spacer, 6 weeks 
of antibiotics, and a new operation a minimum of 
2 weeks after ending the antibiotic treatment and 
normalization of the biomarkers. With this strat-
egy, patients will improve their function mod-
estly and will achieve eradication close to 100% 
(Table 8.2) [26–36].

One-stage revision achieves eradication for 
the infection close to 95% and has the advantage 
of avoiding on surgery but is generally reserved 
for patients in which the pathogen is known, 
there are adequate antibiotic regimes for its, and 
the patient is healthy enough to receive them. 
Klatte et al. reported the outcomes of 35 patients 
treated at a specialized center with a mean fol-
low-up of 4.7 years. The technique used was an 
ample resection of infected tissues, irrigation 
with polyhexanide, and new draping before reim-
plantation and specific intravenous antibiother-
apy for an average of 2  weeks postoperatively 
and reported a success rate of 90% [37].

Table 8.2  Comparative results of different surgical approach for periprosthetic joint infection

Authors N Follow-up (years) Implant used Success rate Constant score
One-stage revision results
Klatte et al. [26] 35 4.7 RSA, HA, Bip 94 43.3 (hemi), 56 (bipolar), 61 

(RSA)
Grosso et al. [27] 17 3 RSA, TSA, HA 94.1 NA
Beekman et al. [28] 11 2 RSA 94 55.6
Ince et al. [29] 9 5.8 TSA, HA 100 NA
Cuff et al. [30] 7 3.6 TSA, HA 100 Same as two-stage
Coste et al. [31] 3 2.8 TSA, HA 100 38
Jacquot et al. [32] 5 3 RSA 73 51
Two-stage revision results
Strickland et al. [33] 19 2.9 HA, TSA 63 NA
Romanoo et al. [34] 17 3.8 RSA, HA 100 38
Sabesan et al. [35] 17 3.8 RSA, TSA, HA 94 66.4 (Penn Score)
Jacquot et al. [32] 14 3 RSA 67 46
Ortmaier et al. [36] 12 6.1 RSA 75 42.6
Coste et al. [31] 10 2.8 TSA, HA 60 35
Cuff et al. [30] 10 3.6 HA 100 Same as single stage

N  =  number; RSA  =  reverse shoulder arthroplasty; HA  =  hemiarthroplasty; Bip  =  bipolar; TSA  =  total shoulder 
arthroplasty
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Resection arthroplasty is a salvage procedure 
reserved for the medically unfit, for recalcitrant 
infections in a low-demand patient. The infection 
is usually controlled, and pain control is achieved 
50% of the times. Functional results are compro-
mised with less than 70° of forward flexion and are 
typically associated with bone loss and soft tissue 
deficiency that may cause residual anterosuperior 
migration and limit the functional results [38].

8.5	 �Conclusions

Revision shoulder arthroplasty is a challenging 
situation for both the patient and the surgeon. 
Adequate diagnosis as to the reason for failure is 
the first step for an adequate treatment strategy. 
Adequate imaging studies and investigation of 
infection are necessary. Bone loss, both at the 
humeral and glenoid side, complicates the proce-
dure as complex additional surgical techniques 
for reconstruction may be needed. The extraction 
of a prior arthroplasty can be very difficult and 
may be another reason for bone loss at the time of 
the revision. Some of these procedures need bone 
grafting and may need two procedures. Failure of 
the rotator cuff is often present and precludes the 
use of a reverse shoulder design.
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9.1	 �Introduction

Arthroplasty implantation has become a common 
procedure in shoulder surgery [1]. Rate of opera-
tions duplicated in USA from 2005 to 2013 (from 
6.1 per 100,000 to 13.4 per 100,000) [2]. In the 
Finnish registry, it has multiplied up to five times 
in the last two decades [3] and continues to 
increase.

In the last decades, designs have improved, 
and trends in implantation have shifted from a 
high number of hemiarthroplasties (HA) to a 
higher number of total shoulder arthroplasties 
(TSA) and, especially in the last 15 years, a dra-
matic increase of reverse shoulder arthroplasties 
(RSA) [2, 4].

With the increase in the total number of arthro-
plasties, complications have risen as well. 
Zumstein defined a complication as any intraop-
erative or postoperative event that was likely to 
have a negative influence on the outcome [5]. 
Expanding indications of shoulder arthroplasty 
will determine an increased number of complica-
tions intra- and postoperatively, even higher in 
the case of revision [5, 6].

Complications leading to revision are multi-
ple, and many times, they are associated [7]. 

Revision surgery is a complex procedure, and 
time should be taken to assess every single prob-
lem and its management [5, 7]. Facing this, the 
surgeon should ask himself the following: what 
complications are present, surgical strategy if it is 
necessary a staged procedure (i.e. can the implant 
can be kept or not?) and what are the expectable 
results [8].

9.2	 �History and Epidemiology

Shoulder prosthesis is a reliable procedure to 
manage multiple shoulder conditions. Indications 
have varied along time with a dramatic increase of 
reverse shoulder prosthesis in the last decade [5].

Actual TSA models are the evolution of the 
initial total shoulder prosthesis designed by Neer 
[9]. Initially composed of a single stem, glenoid 
components were added in the second version 
(Neer II) of the prosthesis [10]. Although indica-
tions were broad in the beginning, TSA is 
restricted at this moment to the treatment of 
osteoarthritis without severe distortion of the 
anatomy and good rotator cuff function. Its 
implantation has increased notably from the 
1980s, but the apparition of RSA has slowed 
down its expansion. In the case of hemiarthro-
plasty, its use at this moment is reserved for irrep-
arable proximal humerus fractures in a patient 
without osteoarthritis and a healthy rotator cuff.A. Vaquero-Picado (*) · S. Antuña · R. Barco 
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Paul Grammont designed in the 1980s the first 
RSA to provide good functional results, based on 
medialization of the center of rotation to opti-
mize deltoid function [11]. This revolutionary 
concept led to an improvement of shoulder func-
tion in comparison with previous designs while 
providing stability and pain relief. Initially, it was 
used for the treatment of rotator cuff arthropathy, 
but indications have expanded in the last decade 
to include proximal humeral fractures, primary 
osteoarthritis with severe distortion of the anat-
omy and most of the revision surgeries [5]. RSA 
implantation has increased dramatically in recent 
years and is the implant of choice in most of the 
revisions due to the compromised function of the 
rotator cuff [2, 3, 5].

In a study conducted by Zumstein et al. [5] the 
global rate of complications in RSA implantation 
was 24%, instability being the most prevalent 
(4.7%) followed by infection (4%). This study 
reviewed the published experience during the 
2000s, reflecting high variability of implants, 
approaches and surgical techniques. Knowledge 
of the implant, changes in the design and 
improved surgical techniques have decreased the 
complication rate.

Revision of a TSA or HA to another TSA or 
hemiarthroplasty is very rare. Although its high 
rate of complications (20–31%) and additional 
revision surgery (about 15–26% of implant revi-
sion at 5 years of follow-up), almost all shoulder 
arthroplasties (excepting some cases of resurfac-
ing) are reviewed to RSA today [4, 12–16]. Thus, 
in this chapter, we will focus on the main compli-
cations the surgeon should address in case of 
revision with this type of implant.

9.3	 �Causes of Revision

The general revision rate is about 5–10% [8, 17]. 
Revision surgery has an increased 30-day postop-
erative complication rate and wound infections in 
comparison with primary shoulder arthroplasties 
[18]. In registry studies, it has been observed that 
intraoperative complications are higher in 
revision surgery in comparison with primary 
procedures [19].

Some changes have occurred within the last 
two decades regarding the incidence of complica-
tions. In the early 2000s, prosthetic instability 
was reported as the leading cause of revision. In a 
review by Boileau, [7] an incidence of 38% of 
instability was reported, indeed a very high rate, 
compared with the 4.7% reported by Zumstein 
et  al. in 2010 [5]. Its incidence continues to 
decrease with new implants with a modified 
design [17, 20, 21].

After instability, infection used to be the sec-
ond most frequent reason for revision surgery. 
However, nowadays, it is considered the most 
frequent complication leading to revision [17]. It 
affects about 4–5% of cases of RSA.

Mechanical complications are a common 
cause of revision as well. This category includes 
glenoid or humeral loosening and problems with 
the hardware, like glenoid disassembly. Scapular 
notch and acromial fractures are included in this 
category. Stiffness or periprosthetic fractures are 
less common complications that may lead to revi-
sion RSA. Periprosthetic fracture has the highest 
rate of intraoperative complications among 
revision causes [19].

Obesity and male gender have a higher rate of 
revision [17, 22]. However, age cannot be consid-
ered as an isolated reason to discard revision sur-
gery. In a recent report of revisions in people over 
80 years old, the revision rate was 16% at 5-year 
follow-up [23]. As a rule, even if there are no 
complications, subjective results and function are 
worse after revision surgery in comparison with 
primary procedures [12, 14, 24].

9.3.1	 �Instability

Instability has been reported as the most common 
complication after primary RSA and the second 
in frequency in TSA [8]. Its incidence is still 
higher in revision RSA [20]. However, RSA has 
become the elective procedure to resolve instabil-
ity in TSA and hemiarthroplasties [25]. In 
patients undergoing RSA for previous instability, 
the rate of postoperative instability and reopera-
tion for instability is higher than in revision RSA 
for other causes [25].

A. Vaquero-Picado et al.
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A previous operation, performed with a delto-
pectoral approach (in contrast to the superolateral 
approach), humeral or glenoid bone loss and sub-
scapularis deficiency are the most common risk 
factors for prosthesis instability. In addition to 
previous factors, component malposition (inade-
quate version or height), excessive medialization 
of the glenoid and a shortened humerus by bone 
loss should be looked for and addressed when 
facing revision of RSA for instability.

Abdelfattah et al. have proposed a classifica-
tion of postoperative instability after RSA [26]. 
They differentiate three groups:

•	 Group I—Loss of compression: Due to those 
alterations that diminish the cooptation of the 
prosthesis. Includes undersized implants, loss 
of deltoid contour, humeral height loss, sub-
scapularis deficiency, acromial/scapular frac-
ture, and deltoid dysfunction.

•	 Group II—Loss of containment: Failure of 
glenosphere-humerus socket articulation, 
destabilizing the fulcrum required for arm 
elevation. Can be caused by mechanical fail-
ure or eccentric polyethylene wear.

•	 Group III—Impingement: When an obstacle 
limits the range of motion of the prosthesis 
and includes soft tissue or bony impingement, 
prosthetic malalignment or obesity.

9.3.1.1	 �Management
Early dislocation (<3  months after operation) 
managed initially by closed reduction is effective 
in about 60% of cases to address instability after 
RSA but is not always possible [8, 20]. After 
reduction, the shoulder should be immobilized in 
an abduction splint.

In the series published by Chalmers et al., the 
rate of early instability was 2.9% [27]. Of the 11 
patients with dislocation, 9 could be managed by 
closed reduction and 2 needed open reduction. 
After that, five patients underwent revision to a 
thicker polyethylene, 82% of primary implant 
retaining rate. In two patients, instability per-
sisted and needed revision to HA.

After 3  months, instability is mainly due to 
deltoid insufficiency. Humeral shortening and/or 
glenoid medialization are frequently present as 

well as other factors of Groups I and II. At this 
moment, instability almost always requires a sur-
gical procedure.

Shortening can be addressed on the humeral 
or glenoid sides. On the humeral side, a thicker 
polyethylene or baseplate can resolve the prob-
lem. Stem exchange should be performed in case 
of inadequate height or version. If stem removal 
is needed, a lateralized stem is a good option to 
provide increased stability [8]. Bilateral radio-
graphs of the humerus are recommended to detect 
any humeral shortening or bone loss [7].

On the glenoid side, lateralizing can be 
achieved by exchanging the glenosphere to a 
higher size or adding a supplement (osseous or 
metallic) to the baseplate.

Soft tissue procedures can augment implant 
modifications. The subscapularis tendon is rarely 
present and pliable, but if so, a repair should be 
tried. Immobilization in an abduction splint for 
4–6  weeks can promote deltoid shortening, 
increasing coaptation force.

In the case of neurological disease affecting 
deltoid function, instability may persist. RSA 
explantation and revision to HA can be an option 
to keep some function and aesthetics [27].

In the series by Abdelfattah et al. [26], only 21 
of 43 cases of revision RSA for instability 
remained stable after 2 years, which shows a poor 
outcome of revision surgery for instability even 
when a more stable implant (lateralized on gle-
noid side) was used for revision.

9.3.2	 �Infection

Infection is the second most frequent cause of 
prosthetic revision surgery. Having previous sur-
gery is the main risk factor for infection in the 
shoulder [8], and the risk increases with the num-
ber of surgeries.

Clinical presentation is variable. It can have an 
acute course, usually with erythema, drainage or 
wound dehiscence. In the chronic setting, an infec-
tion has many presentations, but it must be always 
suspected in case of chronic pain and stiffness. 
Loosening, erythema, swelling, repetitive effusion 
and fistulization only add to the suspicion.

9  Revision Total Shoulder Arthroplasty: Complications and Results



110

The most common pathogens are 
Cutibacterium acnes, Staphylococcus epidermi-
dis and Staphylococcus aureus. Samples can be 
obtained by arthrocentesis or intraoperatively (at 
least five samples). It is important to culture sam-
ples for a prolonged time as Cutibacterium acnes 
growth may take up to 2–4 weeks) [28].

Infection is a catastrophic and challenging 
complication. Treatment depends on the patient’s 
status, infection onset and microorganisms and 
should be approached in a multidisciplinary way. 
As a rule, all infections should be managed with 
surgery and prolonged antibiotherapy.

Regarding acute or delayed-onset acute hema-
togenous infections, irrigation plus debridement, 
and exchange of mobile pieces of the prosthesis 
can be an option [29, 30]. However, in a series 
published by Dennison et  al. [30], from ten 
patients with acute shoulder prosthesis infections 
treated with irrigation and debridement, three 
underwent resection arthroplasty, and five of the 
remaining patients were treated with chronic 
antibiotic suppression. Only 20% of patients 
treated with irrigation and debridement for an 
acute prosthesis retained the implant and were 
free of disease after the treatment. Further inves-
tigations in this field should be performed, and it 
can be advisable to the patient undergoing a revi-
sion for infection of a revision prosthesis proba-
bly will have still worse results.

With a chronic infection onset, implant 
replacement or resection arthroplasty is the main 
option of treatment. Functional results after 
infection treatment are almost always worse than 
those of the previous prosthesis [8].

Resection arthroplasty should only be per-
formed in case of resistant infection, fragile 
patients or failure after multiple surgical attempts. 
Functional results are unsatisfactory, so it 
reserved as a salvage procedure [7].

Implant replacement is considered for the 
treatment of chronic infections. It provides the 
best and more predictable results for the treat-
ment of prosthetic infection. However, it is tech-
nically challenging, and many complications can 
occur during the procedure [7, 8].

Diagnosis of chronic shoulder prosthesis 
infection is difficult, and there is a lack of strong 

evidence supporting diagnostic strategies. Most 
patients will have pain and stiffness. All patients 
should have full-length humerus radiographs and 
laboratory exams including blood count, erythro-
cyte sedimentation rate (ECR) and C-reactive 
protein (CRP) [31]. For C. acnes infection, only 
deep samples of suspected infected tissue should 
be used. C. acnes are a saprophyte of the shoul-
der, and it is present in up to 18.8% of deep layers 
in samples taken during a first procedure. Several 
criteria, like Lutz’s et al.’s [32] or Asserays et al.’s 
[33] (Tables 9.1 and 9.2), have been developed to 
assist in the difficult diagnosis of an infection by 
C. acnes giving the chance of having a positive 
culture or a true infection.

Treatment strategies in chronic infection vary 
from a scheduled implant replacement (one, two 
or three stage) [34] to resection arthroplasty. In a 
patient with good functional status, scheduled 
replacement is the best choice. In most of the 
published series, there is no difference between 
one-stage or sequential replacement in terms of 
eradication of infection.

Table 9.1  Lutz et al. classification [32]

Group
Type of 
infection

Clinical signs 
of infection

Number of 
positive 
samples

I Certain Present ≥ 2
II Probable Present 1
III Possible Absent ≥ 1

Table 9.2  Asseray et al. classification [33]

Number of 
positive 
samples

Number of 
associated signs Including

≥2 +1 • ≥ 2 local surgeries
• �Presence of 

orthopedic implant
• �Local signs of 

infection
• Loosening

1 +3 • ≥ 2 local surgeries
• �Presence of 

orthopedic implant
• �Local signs of 

infection
• �Inflammatory 

syndrome
• Loosening
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In a series published by Sevelda et  al. [35], 
93% of 14 cases were free of infection at 5-years 
follow-up. The authors performed a preoperative 
study obtaining cultures of articular fluid or 
synovium. If cultures were negative, a one-stage 
procedure was performed. In a recent systematic 
review, a one-stage procedure was reported as the 
best procedure (in comparison with staged revi-
sion, permanent cement spacers and resection 
arthroplasty) in terms of function [36, 37].

A staged procedure usually includes two 
phases: (1) explantation, debridement, cement 
spacer implantation and directed antibiotherapy 
and (2) reimplantation once biological markers 
have returned to normal values with absence of 
clinical signs of infection. With this protocol, 
Assenmacher et al. [38] reported an 85% of sur-
vival free of infection after 5-years follow-up, 
which is in line with the literature [39].

Tseng et  al. [34] reported 100% of survival 
free of infection in 28 cases at 32 months follow-
up after a three-staged procedure. This protocol 
consists of (1) explantation, debridement, 
implantation of cement spacer and parenteral 
antibiotics, (2) open biopsy and debridement and 
(3) reimplantation, if cultures were negative.

However, in a series by Stone et al. [40], they 
reported no differences in infection eradication 
after the one- or two-stage procedure. These 
authors concluded that revision for infection has an 
increased risk of infection compared with primary 
procedures. As a general rule, a staged procedure is 
indicated in case of history of previous surgery or if 
the bacteria is unknown or multiresistant [8].

9.3.3	 �Implant Loosening  
and Bone Loss

9.3.3.1	 �Humeral Side
Initially, the glenoid side was thought to be more 
prone to failure after RSA but the constrained 
nature of this design produces increased stress 
and forces on the humeral side [8].

Humeral bone loss is frequent in posttrau-
matic and tumor surgery or in cases of proximal 
bone resorption. In this context, the stem is only 
stabilized distally in the humeral diaphysis. 

Forces are concentrated at this point, especially 
with rotational movements. Polyethylene and 
metal debris may also contribute to loosening, 
especially in case of scapular notching [8].

Contained defects can be managed using mor-
cellized bone graft or cement. Stephens reported 
good results with the use of cemented with or 
without bone grafting in case of proximal humeral 
defects of less than 5 cm [41].

Uncontained defects or those in which 
humeral resection compromises deltoid function 
can be managed with an allograft prosthetic com-
posite (APC) or a megaprosthesis [8]. APC is a 
good option in massive defects with a reoperation-
free survival rate varying from 88% to 96% at 
5 years-follow-up [42, 43].

Another cause of humeral defects is intraop-
erative fractures. Previous prosthesis instability, 
HA revision or being a female are risk factors for 
these fractures. However, Wagner et al. demon-
strated that if the fracture is properly addressed 
final outcomes are not significantly affected [4].

9.3.3.2	 �Glenoid Side
As a rule, aseptic glenoid loosening is rare. In 
these cases, infection should always be suspected 
[44]. Aseptic loosening is almost always due to a 
technical error. A glenoid implant placed high or 
with superior inclination is associated with 
increased rates of notching. Severe cases of 
notching may increase the likelihood of develop-
ing aseptic glenoid loosening in RSA [8].

Cavitary glenoid defects can be managed with 
allograft impaction or structural iliac crest auto-
graft. Both are useful, but in these cases, allograft 
works well and allows avoiding the morbidity 
associated with iliac crest harvest [45, 46]. In 
uncontained and complex glenoid defect, an 
autograft is preferable because of biological 
properties for incorporation. In primary cases, 
the resected humeral head can be utilized, but in 
revisions, the humeral head is not present, and 
iliac crest or allograft must be used [47, 48]. 
There are multiple ways to harvest the bone, and 
it can be adapted to the defect once addressed. 
One way is to harvest it as a wedge and fix it 
directly on the remnant bone of the glenoid. 
Norris et  al. proposed a technique using iliac 
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crest in which the glenoid implant was directly 
prepared in the crest with the help of prosthesis 
reamers and instrumentation. Once the metaglene 
is implanted on the iliac crest, it is harvested and 
fixed with screws or a long-peg baseplate to the 
original glenoid [49].

Boileau [7] proposed an algorithm to treat gle-
noid bone loss in one or two stages. One-stage 
reimplantation can be afforded if the following 
conditions are present: (1) enough graft stability 
after impaction, (2) central peg or screw has, at 
least, 5 mm implanted in the native scapular bone 
and (3) additional fixation to the scapula can be 
obtained with screws. If these conditions are not 
present or it is advisable to have too much tension 
after reimplantation, it is preferable not to reim-
plant and let the graft consolidate properly. After 
6 months, reimplantation is performed.

In case of massive bone loss, hemiarthroplasty 
as a salvage procedure is an option [50].

9.4	 �Conclusions

Reverse shoulder arthroplasty has become a com-
mon procedure to address multiple shoulder sur-
geries. Improvements in prosthetic designs and 
surgical technique have dramatically decreased 
complications in the last decade. However, the 
global rate of complications remains high. Most 
of complications leading to revision surgery, with 
prosthetic exchange, are addressed with an 
RSA.  Instability incidence has dramatically 
decreased with new prosthetic designs. Closed 
reduction can be an option for instability in 
<3  months after primary surgery. However, the 
revision rate in this case is still high. In the 
chronic setting, it is better managed with implant 
exchange. In case of severe and recurrent insta-
bility, deltoid function should be carefully exam-
ined and HA can be used as a salvage procedure. 
Infection is a very severe complication. Lavage 
and debridement in acute infections has a low 
rate of success (about 20%). If it fails, or in the 
chronic setting, implant exchange is used. Several 
protocols have been proposed, but there is a lack 
of strong evidence. The one-stage procedure 
seems to provide better function in comparison 

with sequential treatment. However, multiresis-
tant or unknown bacteria before revision surgery 
are better managed with staged procedures. Bone 
loss deficiency can be present on either the 
humeral or glenoid side. On the humeral side, 
impacted bone graft or cement is useful in con-
tained defects. In uncontained defects compro-
mising implant stability, megaprosthesis or a 
allograft prosthetic composite is used. On the 
glenoid side, contained defects can be addressed 
with an impacted graft. Complex defects can be 
managed with a structural graft. In these cases, 
implantation of a definitive baseplate should be 
only performed if the attachment to the scapular 
remnant is stable.
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Revision Total Elbow Arthroplasty: 
Epidemiology and Causes

Alfonso Vaquero-Picado, Raul Barco, 
and Samuel Antuña

10.1	 �Introduction

The era of modern total elbow arthroplasty (TEA) 
was probably initiated in 1970s with the intro-
duction of the Coonrad prosthesis [1]. Before this 
implant, all TEA models were primitive with 
inconsistent results. In the late 1970s, modifica-
tions introduced on design and surgical technique 
yielded better and more reliable results.

For many years, the great majority of elbow 
arthroplasties were implanted in rheumatoid 
elbows [2]. In this low-demand patient popula-
tion, TEA was a successful intervention, improv-
ing significantly both the quality of life and pain 
with good long-term survivorship [3]. However, 
with the introduction of new drugs, rheumatoid 
patients are increasingly treated nonsurgically, 
and there has been a shift of indications for TEA 
to acute and chronic traumatic conditions. As 
trauma sequela after elbow fractures is a quite 
prevalent condition, the total number of TEA has 
lately increased. Elbow arthroplasty after trauma 
is performed in high demand patients and this 
will probably increase the revision rate of TEA in 
the future.

10.2	 �Modes of Failure

According to Morrey and Bryan [4], complica-
tions after TEA can be classified into three cate-
gories. One group includes complications that 
need revision surgery such as infection, aseptic 
loosening, some fractures, or mechanical compo-
nent failure and instability. The second group 
includes complications that require additional 
surgery but not implant revision, such as ulnar 
nerve entrapment, stiffness or triceps insuffi-
ciency. In the third group these authors include 
complications that increase morbidity like wound 
infection or nerve paralysis/paresthesia.

This classification has some interest for epide-
miological and academic purposes but is not 
really very useful for clinical use. It is, obviously, 
not the same to perform a revision of both com-
ponents or perform an ulnar nerve transposition. 
In this chapter, we will mainly focus on revision 
surgery that requires component removal or 
exchange.

Wear of the polyethylene bushings after linked 
elbow arthroplasty is related to the development 
of aseptic loosening. Godberg et al. [5] reported 
wear in both ulnar and humeral bushing in more 
than 90% of cases. When the polyethylene is 
completely eroded, metal corrosion causes metal 
debris deposit on the bone-cement interface lead-
ing to aseptic loosening.
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10.3	 �General Epidemiology 
of Revision TEA

The complication rate after TEA, including revi-
sion of the components and other complications, 
has been reported to be around 24% [6]. In a sys-
tematic review conducted by Prkic et al., [2] the 
rate of revision after TEA was 13.5% with a 
mean follow-up of 81 months. Aseptic loosening 
was the most common cause of revision, repre-
senting 38% of all revisions. However, the rate of 
aseptic loosening varies between 6% and 20% of 
the total number of TEA. It is important to remark 
that TEA can show clinical signs of loosening 
with slight radiographic changes [6].

Infection after elbow replacement leading to 
revision surgery represents 19% of all revisions. 
A periprosthetic fracture requiring component 
exchange represents 12% of all revisions [2]. No 
differences in revision rate have been reported 
between males and females.

10.4	 �Type of Prosthesis

Rates of revision after linked or unlinked total 
elbow do not differ significantly in the literature 
[2]. Overall, revision rates vary between 10% to 
15% at 10  years. Some authors have reported 
higher rates of revision after unlinked prosthesis, 
but there is still controversy on this topic [7]. 
Modes of failure are very different between both 
types of prosthesis [8].

Aseptic loosening is the main cause of revi-
sion elbow arthroplasty in the long term. The rate 
of revision may have decreased in the last decades 
after several modifications implemented on 
design and technique: better cementation, better 
polyethylene, etc. It has been also recognized the 
importance of restoring elbow kinematics by 
accurate alignment of the implants [9]. Improved 
fixation is directly related to a decrease incidence 
of delayed aseptic loosening [10].

Some mechanical failures are specific to linked 
implants, such as polyethylene wear, disassembly 
or material failure [2]. Aseptic loosening is rela-
tively common and remains the main reason for 
TEA failure. However, mechanical loosening 

incidence has significantly decreased if we com-
pare with the initial constrained models [2]. In 
these totally constrained, linked implants, the 
bone-cement interface submitted to a very high 
stress through a fixed flexion-extension hinge led 
to aseptic loosening of the humeral component.

Modern elbow linked designs are semicon-
strained. They have a sloppy hinge linkage, 
which allows some varus-valgus movement dur-
ing flexion-extension. This loose articulation dis-
sipates some stress on the hinge, decreasing 
forces on the bone-cement interface and mini-
mizing aseptic loosening rate in comparison with 
older models. However, the loose hinge places 
high stresses on the polyethylene bearing [6].

Aseptic loosening is largely the most common 
complication after unlinked prosthesis. This loos-
ening is probably due to multidirectional forces 
acting during elbow flexion and extension. These 
forces get dissipated on the ulno-humeral union, 
leading to increased polyethylene wear. 
Polyethylene debris then accumulates on the 
bone-cement interface leading to osteolysis and 
loosening.

Elbow instability is almost an exclusive com-
plication after unlinked prosthesis. Ligament 
repair and integrity is of paramount importance 
for maintaining stability after implantation of 
unlinked implants. Additionally, periprosthetic 
fractures are less common after unlinked models.

10.5	 �Primary Indications

The most frequent indication for primary TEA 
has traditionally been rheumatoid arthritis, fol-
lowed by acute traumatic and posttraumatic 
conditions.

The best reported results on implant survivor-
ship are those obtained in rheumatoid arthritis. In 
this group of patients, a survival rate of more than 
90% at 10 years has been reported in the Mayo 
Clinic series [3]. Most rheumatoid patients 
undergoing elbow replacement have severe joint 
destruction and pain and are low demand, so they 
do not stress much the TEA.

However, new biologic drugs have changed 
the scenario in the rheumatoid elbow, and most of 
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these patients have their disease controlled and 
do not need an elbow replacement. Therefore, 
indications for TEA in inflammatory diseases are 
decreasing while patients are becoming more 
demanding. All these factors may have an impact 
in the future rate of revision TEA in rheumatoid 
patients [3].

In acute traumatic cases in elderly patients, 
severe osteopenia may affect primary stability of 
the prosthesis. The reported survivorship is up to 
85–95% of cases in the context of acute trauma or 
posttraumatic sequelae [2, 8, 11]. However, the 
rate of complications not leading to revision is 
much higher in traumatic indications when com-
pared with inflammatory arthritis [6].

Many patients undergoing elbow replacement 
after trauma may have a history of wound prob-
lems and previous surgeries. Under those circum-
stances, the surgeon should always discard the 
possibility of an infection before elbow replace-
ment is considered [12, 13]. Many authors pro-
pose staging the definitive arthroplasty when an 
infection is suspected [13, 14]. In the first proce-
dure, extensive debridement with removal of pre-
vious hardware is performed. Samples for 
microbiology and pathology studies are obtained. 
After the first procedure, once the skin is healed 
and the cultures have returned negative, the final 
arthroplasty is implanted.

The revision rate of TEA after primary osteo-
arthritis or hemophilic arthropathy is higher in 
comparison with other conditions [2]. In the 
Mayo Clinic series, 5 of 20 cases (25%) of TEA 
for primary osteoarthritis failed due to mechani-
cal failures, including intraoperative fractures, 
fracture of the humeral component and loosening 
[15]. Revision rate after TEA for hemophilic 
arthropathy can be as high as 38% due mainly to 
mechanical failures [16, 17].

10.6	 �Short-Term and Long-Term 
Revisions

Infection can occur any time after TEA, but it is 
the main complication leading to revision within 
the first years after surgery. It can occur acutely, 
immediately after the index procedure or in a 

sub-acute manner, caused by a low-grade infec-
tion months or years after surgery [2, 13].

The rate of infection after TEA has been 
reported to be as high as 9% [6, 18]. This exceed-
ingly high rate has been reduced in more recent 
series in which improvements in surgical tech-
nique, such as better tissue handling, skin protec-
tion or antibiotic-loaded bone cement, were 
implemented [6]. The rate of infection is not dif-
ferent based on the type of implant used [2, 13].

Most acute infections are caused by S. aureus 
and S. epidermidis. In the acute situation, it is 
usually more aggressive and it is considered a 
devastating complication. In this setting, exten-
sive lavage and debridement with component 
retention has only yielded 50% success rate with 
better outcomes when the infection is caused by 
S. aureus compared with S. epidermidis [19]. 
Obviously, considering the high morbidity of 
well-fixed implants’ removal, it is still reasonable 
to approach an acute infection with lavage and 
debridement [13, 20].

Chronic infections are usually due to low-
grade infections (S. epidermidis or P. acnes). 
Component removal is normally required 
together with extensive debridement. Although 
one-stage revision surgery after infection might 
be an option, the two-stage procedure remains 
the standard procedure for chronic infections [1, 
13]. When S. epidermidis is causing the infec-
tion, outcomes after two-stage procedures are 
poor [19].

In the long term, the most common reason for 
revision is aseptic loosening. Quite commonly, 
loosening is associated with periprosthetic frac-
tures, and these are an important cause for revi-
sion at any time after TEA [2]. Periprosthetic 
fractures after elbow replacement may be very 
challenging and, quite commonly, require exten-
sive reconstruction procedures with structural 
bone grafts.

10.7	 �Conclusions

Total elbow replacement has a higher revision 
rate than any other joint arthroplasty. Recent 
changes on implant design and improved surgical 
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technique have apparently decreased the risk of 
revision. These better outcomes may expand the 
current indications within the posttraumatic sce-
nario. However, younger and active patients are 
more functionally demanding and this increases 
the predisposition to develop aseptic loosening 
that is still the main cause for revision. In vision-
ing the future, it seems quite necessary to develop 
TEA with designs that improve the longevity by 
using better polyethylene and more physiological 
biomechanics.
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Revision Total Elbow Arthroplasty: 
Surgical Technique

Pablo Vadillo-Cardona, E. Carlos Rodríguez-
Merchán, and Samuel Antuña

11.1	 �Introduction

The total number of elbow replacements per-
formed worldwide has increased significantly in 
the last years with an estimated annual growth 
rate of 6.4% between 1993 and 2007 [1]. 
Regarding indications, there has been a clear 
shift in the population undergoing a total elbow 
arthroplasty. In the past, the vast majority of 
replacements were performed in rheumatoid 
patients but more recently most of them are 
implanted in post-traumatic arthritis. The 
reported revision rate of elbow arthroplasty per-
formed for post-traumatic arthritis is 13% [2].

There is scarce information in the literature 
regarding techniques and outcomes of revision 
elbow arthroplasty. Many of the reported proce-
dures are based on hip and knee revision arthro-
plasty principles. However, there are some 
important differences that must be considered. 
Bone stock in the upper extremity is poorer, and 
there is less soft tissue coverage that increases the 
risk of wound infection. Additionally, the prox-
imity of neuromuscular structures nerves makes 

this surgery more risky during manipulation and 
cementation [3].

11.2	 �Surgical Technique

11.2.1	 �Exposure

Managing the skin is of paramount importance in 
revision elbow arthroplasty. When there are sev-
eral previous incisions, the closest to the poste-
rior midline is commonly used. Full thickness 
skin flaps are developed laterally and medially. 
When the ulnar nerve was previously transposed, 
it is only identified proximally, but a formal dis-
section is not performed. In the atypical scenario 
of an ulnar nerve which was not previously trans-
posed, it is fully dissected, and most of times it is 
subcutaneously transposed.

Managing the triceps is a crucial step. 
Whenever possible, its attachment to the olecra-
non should be preserved. The Alonso-Llames or 
bilatero-tricipital approach is the preferred 
approach if it allows adequate exposure of the 
distal humerus and proximal ulna. When the sur-
geon judges that maintaining the triceps attach-
ment may render the procedure too difficult and 
risky, a Bryan-Morrey approach may be elected. 
In this approach, the triceps is reflected laterally 
from the olecranon in continuity of the ulnar peri-
osteum and the fascia of the forearm along with 
the anconeus [4]. Triceps split approaches are 
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usually reserved for patients with poor triceps tis-
sue, typically after multiple surgeries [5]. When 
the lateral approach to the triceps is extended 
proximally, the radial nerve must be identified 
and protected.

11.2.2	 �Cement Removal 
and Insertion of a Revision 
Component

Aseptic loosening usually requires cement 
removal and implantation of a new component. 
In order to remove the cement mantle, a 2-mm 
long burr, flexible reamers or a drill can be used. 
As bone quality in revision cases is usually poor, 
cement fragments that are well adhered but do 
not interfere with new stem insertion could be 
left in place. When the cement interface is solid 
and cement removal cannot be achieved through 
the medullary canal, a cortical window or split 
may be needed.

Loosening of the humeral or ulnar stems is 
commonly associated with cortical thinning or 
ballooning, placing the shaft at risk for perfora-
tion during surgery. Intra-operative fluoroscopy 
could be useful to control insertion and penetra-
tion of the sclerotic bone with an intra-medullary 
guide wire. A cannulated drill or reamer can be 
then safely used to widen the canal.

11.2.3	 �Revision Component 
with Intact Cement Mantle

In cases with intact cement mantle after implant 
removal, the “cement-within-cement technique” 
can be used. In order to be able to implant the 
new stem, the cavity is enlarged using drills and 
flexible reamers. The medullary canal is irri-
gated to remove blood and other debris, new 
cement is introduced and the revision compo-
nent is inserted. Athwal et  al. reported similar 
results in two groups of patients with and with-
out cement removal, with significant shorter 
surgical time with the “cement on cement 
technique” [6].

11.2.4	 �Management After 
Periprosthetic Elbow Infection

Infection after total elbow arthroplasty can be a 
devastating complication. The rate of infection 
ranges from 3% to 8% [7, 8]. Infections rarely 
present with systemic symptoms or significant 
abnormalities in serum markers. When pain and 
radiographic signs of loosening are present after 
elbow replacement, infection should be suspected 
and joint aspiration is recommended. If the aspi-
ration is negative, an open or arthroscopic biopsy 
should be considered to rule out infection [9].

The treatment of periprosthetic elbow infec-
tion includes different strategies:

11.2.4.1	 �Infection Suppression
Suppressive antibiotic therapy is only an option 
in high morbidity patients not suitable for an 
aggressive surgical procedure and provided the 
isolated microorganisms are sensitive to an avail-
able antibiotic with acceptable tolerance 
[10–12].

11.2.4.2	 �Resection Arthroplasty
Implant removal has been the standard of treat-
ment for infection after elbow replacement for 
many years. This option should be considered in 
low demand patients, patients with previous 
failed treatment or severe bone loss (Fig. 11.1).

11.2.4.3	 �Debridement and Implant 
Retention

Debridement and implant retention is the treat-
ment of choice for patients with well-fixed com-
ponents and an acute infection (less than 
3  months) not caused by S. epidermidis. 
Yamaguchi et al. [7] reported the results of this 
approach in 14 patients in whom they unlinked 
both components, replaced the polyethylene and 
performed a throughout debridement acutely. 
Local antibiotics, including tobramycin, were 
placed in the joint and also intravenous antibiotic 
was administered. Patients underwent several 
debridements until the joint was considered free 
of infection and the cultures were negative. This 
treatment approach was only effective in 50% of 
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cases. None of the patients infected with S. 
epidermidis healed.

11.2.4.4	 �One-Stage Revision
One-stage revision knee or hip arthroplasty has 
been successful in some scenarios. However, 
there is little information available on this 

approach for treating infections after total elbow 
replacement.

11.2.4.5	 �Two-Stage Revision
Two-stage revision arthroplasty is considered the 
gold standard in the treatment of periprosthetic 
elbow infections. After the humeral and ulnar 
components are extracted, the whole cement 
mantle is removed. Usually, a cement spacer 
loaded with antibiotics is placed in the joint. 
After a minimum of 6 weeks of intravenous anti-
biotic treatment adapted to the isolated microor-
ganism, patients are considered for 
re-implantation. Before re-implantation, all 
blood markers must be within normal limits and 
joint aspiration or open biopsy must be negative. 
The reported success rate of two-two-stage re-
implantation is between 70% and 90% [13, 14].

In most cases requiring several surgical proce-
dures to address an infection, patients will pres-
ent with significant bone loss. Surgeons dealing 
with this problem must be prepared to restore 
bone stock with bone struts, impaction grafting 
techniques or allograft-prosthetic composites 
depending on the specific situation.

11.2.5	 �Management of Bone Loss

Failed elbow replacement commonly presents 
with significant bone loss. Bone reconstruction 
strategies include augmentation with bone struts; 
impaction grafting for expanded, contained, cavi-
tary defects and the use of allograft-prosthetic 
composites for large segmental defects.

Distal humerus bone loss is defined as grade I 
when the subchondral architecture is intact, grade 
II when the medial and lateral supracondylar col-
umns are preserved, grade III when either the 
medial or the lateral columns were absent and 
grade IV when the entire distal humerus to or 
proximal to the level of the olecranon fossa is 
absent [15].

Revision humeral stems could accommodate 
up to 8 cm of distal humeral bone loss by using 
longer implants with an extended anterior flange. 
Larger defects may require some degree of 
humeral shortening. According to the location 

a
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Fig. 11.1  Elbow resection due to infection with a good 
result: (a) anteroposterior (AP) and lateral view of resec-
tion arthroplasty; (b) flexion and (c) extension range of 
motion at final follow-up
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and degree of bone loss, several surgical strate-
gies can be implemented.

11.2.5.1	 �Impaction Grafting
Impaction grafting is a reliable technique for 
treating osteolysis in patients undergoing revi-
sion total elbow arthroplasty when there are 
expanded, contained, cavitary defects. The tech-
nique is very similar to the one described for 
reconstructing the proximal femur in revision hip 
arthroplasty.

Bone stock is restored by filling the medullary 
canal with impacted morselized allograft. If any 
segmental cortical defect of cortical thinning is 
present, it must be previously augmented with 
allograft bone struts. Once the canal is cleaned 
and the cancellous allograft introduced in the 
medullary canal, it is sequentially impacted with 
a trial component. The defect surrounding the 
stem must be tightly packed in order to add sta-
bility to the final construct. Once stabilized, the 
trial component is removed, gentamicin loaded 
low-viscosity cement is injected and the defini-
tive component implanted. Morrey et al. popular-
ized the use of two tubes when impacting the 
bone graft, the outer tube could be the standard 
femoral cementation tube and, the inner one, the 
thinner cement injector tube used in elbow 
replacement. The allograft is pressed around the 
outer tube, and both tubes are removed while 
cement is injected.

Loebenberg et al. [16] published their results 
with elbow impaction grafting in 12 patients. 
After a minimum 2 years follow-up, eight patients 
showed radiographic restoration of bone quality 
without signs of loosening, and four patients 
required new revision surgery: for loosening in 
two patients, and infection and fracture in one 
patient each.

More recently, Rhee et  al. [17] analyzed 16 
cases of revision total elbow arthroplasty with 
impaction grafting in aseptic loosening. At the 
latest follow-up, 15 of the 16 patients showed 
significant improvement. Only two patients 
required further surgery: one periprosthetic 
humeral fracture and one superficial infection 
that resolved with debridement.

11.2.5.2	 �Allograft Bone Struts
Bone strut allografts are generally used in corti-
cal defects. Depending on the size, location and 
morphology of the defect, struts could be used to 
cover a discrete cortical deficiency, bypass a frac-
ture or to augment a thinned cortex during impac-
tion grafting. Allograft struts have also been used 
to augment a deficient olecranon to provide a 
good triceps attachment site [18].

The source of the allograft should be selected 
according to the size of the patient, the character-
istics of the bony defect and the bone affected. A 
large structural defect in a small person could be 
treated with a fibular allograft while the same 
defect in a larger person might require a femoral 
shaft allograft.

Fixation of the struts requires enough expo-
sure to ensure adequate contact between the 
allograft and the host bone to facilitate incorpora-
tion. Usually circumferential 16- or 18-gauge 
wires are used to fix the allograft to the bone 
(Fig. 11.2).

Sanchez-Sotelo et al. [3] demonstrated satis-
factory results in the treatment of periprosthetic 
humeral fractures around a loose humeral com-
ponent using strut allograft augmentation in revi-
sion arthroplasty. Clinical and radiographic 
results were satisfactory and fracture union was 
achieved in 10 of 11 patients. However, the com-
plication rate was elevated with four patients 
reporting one complication and two patients 
reporting two complications. Complications 
included olecranon fracture, permanent ulnar 
nerve injury, periprosthetic humeral fracture and 
a case of triceps insufficiency.

Kaminemi and Morrey [18] reported their 
experience treating aseptic failure of total elbow 
arthroplasty associated with proximal ulnar bone 
deficiency with allograft bone struts. In 21 
patients, the mean Mayo Elbow Performance 
Score (MEPS) improved from 34 pre-operatively 
to 79 points at the time of latest follow-up 
(2–11  years). Eight patients (38%) suffered a 
complication.

Foruria et al. [19] reported on 21 patients with 
periprosthetic ulnar fractures associated with 
loosening that were treated with revision of the 
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Fig. 11.2  Massive defect treated with strut grafts (5 years 
follow-up): (a) anteroposterior (AP) radiograph of the 
pre-operative bone defect; (b) intra-operative view of the 
reconstruction with bone struts; (c) AP and (d) lateral 

view after open reduction and internal fixation (ORIF); (e) 
AP and (f) lateral view of the humerus 5 years after sur-
gery; (g) flexion and (h) extension range of motion of the 
patient at final follow-up
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ulnar stem and strut allografts in 12 cases (eight 
of them with associated impaction grafting), 
three impaction grafting alone and five with 
allograft ulnar prosthesis composite. In two 
elbows, fracture fixation was achieved with a 
revision longer stem only. All patients had frac-
ture healing and postoperative MEPS of 82 
points. Complications included four infections, 
one ulnar component loosening and one case of 
transient dysfunction of median and radial 
nerves.

11.2.5.3	 �Allograft-Prosthetic 
Composites (APC)

Allograft composites consist of a hybrid structure 
composed of a segmental bone allograft with a 
cemented prosthetic stem inside. The distal part 
of the stem is left free to be cemented into the 
native bone. This technique is mostly used in 
severe bone loss, typically leading to olecranon 
insufficiency or distal humerus resorption.

Allograft selection is made according to the 
affected bone. Humeral allografts are commonly 
used in humeral defects and ulnar or fibular 
allografts in ulnar defects. The length of the graft 
can be estimated by sizing the length of the con-
tralateral side. Composite-host bone union is 
typically made step-cut to increase the contact 
area and promote healing.

Fixation is achieved by cementing the implant 
into the prosthetic composite and also in the host 
bone. The implant should bypass at least two cor-
tical diameters’ length of the prosthetic compo-
nent into the host bone. Cancellous bone graft 
can be packed around the junction. Stability may 
be increased by plating or a cerclage fixation. In 
proximal ulnar reconstruction, drill holes could 
be used to reattach the triceps.

Renfree et al. [20] reported their results in 14 
allograft-prosthetic composites with a mean fol-
low-up of 6.5  years. They demonstrated 79% 
radiographic healing but only four patients 
achieved a functional range of motion and five 
patients failed and required another operation.

Mansat et al. [21] reported the results of revi-
sion elbow arthroplasty with an APC in 13 
elbows. Eighty-five percent of cases achieved 

union. The MEPS scale was excellent for four 
elbows, good for three, fair for one and poor for 
five. Range of motion was limited to an average 
of 28° of extension to 125° of flexion. The revi-
sion rate was 38% and the complication rate was 
high, infection being the most common one.

In a recent study, Morrey et al. [22] updated 
the Mayo Clinic experience with 25 patients. 
They described three techniques of APC 
reconstruction:

•	 Type-I (intussusception): the cemented 
implant and the allograft were inserted into 
the host bone canal. It is indicated in contained 
defects with intact cortical bone.

•	 Type-II (strut-like coaptation): similar to the 
original technique, the implant and the 
allograft composite are fixed to the host bone 
in a step-cut osteotomy. Two cortical widths 
are left nude to be fixed to the native bone. It 
is used when there is a major cortical defect at 
the implant insertion site.

•	 Type-III (side-to-side): a side-to-side contact 
between the cortices of the allograft compos-
ite and the native bone is formed.

Morrey et al. demonstrated allograft incorpo-
ration in 92% of cases and an improvement in 
MEPS from 30 points to 84. However, there were 
eight major and four minor complications with 
nine re-operations in six patients.

APC reconstruction may be a valuable tool in 
patients with catastrophic total elbow arthro-
plasty failure with severe bone loss and where 
other options are not feasible. Union rates seem 
to be high but complications are also very com-
mon. Functional results after APC reconstruction 
are better than after resection arthroplasty; how-
ever, it is preferable whenever possible to use 
bone struts for bone augmentation.

11.2.6	 �Management After 
Periprosthetic Elbow Factures

Addressing periprosthetic fractures is among the 
most demanding surgeries in revision total elbow 

P. Vadillo-Cardona et al.



125

arthroplasty. The rate of periprosthetic fractures 
after elbow replacement is approximately 5% [3]. 
As it has happened in other joints, we will prob-
ably see an increased incidence with time as the 
complexity of primary and revision surgery 
becomes more common.

The Mayo Clinic classification categorizes 
periprosthetic fractures around the elbow into 
three types: according to location, implant stabil-
ity and bone loss [23].

•	 Type I fractures involve the humeral condyles 
or olecranon and are the most common.

•	 Type II fractures are located around the stem, 
and they are subdivided in three types accord-
ing to the stability of the stem and the bone 
stock quality.

–– II1: fractures around a well-fixed stem with 
good bone stock.

–– II2: fractures around a loose implant with 
good bone stock.

–– II3: fractures around a loose implant with 
significant bone loss.

•	 Type III fractures are proximal to the stem tip 
in the humerus or distal in the ulna.

11.2.6.1	 �Type I Fractures
In the absence of compromised function or sta-
bility, these fractures could be treated non-
surgically with immobilization. Condyle 
fractures occurring with a linked implant could 
be treated just by excision by releasing the mus-
cle attachments and repairing the soft tissues to 
the triceps fascia. Olecranon fractures interrupt-
ing the extensor mechanism should be treated 
surgically. The preferred method of fixation is a 
tension band with wires placed dorsally, parallel 
to the cortex.

11.2.6.2	 �Type II Fractures
Treatment of type II fractures is dictated by the 
stability of the stem and the amount of bone loss. 
Fractures around a well-fixed stem do not need a 
prosthesis revision. Un-displaced fractures 
should be treated with splinting and immobiliza-
tion. When the fracture is displaced or malaligned, 
surgery is recommended. 14- to 16-gauge 

cerclage wires are usually preferred. Plates are 
only used when there is optimal bone stock; and 
unicortical screws are used around the stem. 
Allograft bone struts could also be used to 
improve fracture alignment and to supplement 
bone stock.

Fractures around a loose stem require implant 
revision. The length of the revision implant 
should bypass the fracture line less by two corti-
cal widths, and it should be cemented into healthy 
bone. In cases with very thin cortex or precarious 
stability, allograft bone struts are used. Before 
deciding the appropriate length of the strut, a trial 
reduction should be performed to avoid imping-
ing in flexion. Ideally, strut grafts should extend 
beyond the fracture line at least two cortical 
diameters. Humeral fractures usually require two 
struts; the anterior strut should be shorter than the 
posterior one and should be used to accommo-
date the anterior flange of the prosthesis. Ulnar 
fracture struts are placed laterally or medially to 
avoid subcutaneous prominence (Fig. 11.3).

Before placing the struts, the final implant is 
cemented to avoid cement extravasation. Cement 
extravasation may reduce the contact area 
between host bone and the allograft strut interfer-
ing with healing; it can cause iatrogenic damage 
to nerves or may limit motion. Struts are fixed 
usually with cerclage cables. In humeral frac-
tures, four cerclages wires are typically used, two 
proximal and two distal to the fracture.

Fractures associated with significant bone loss 
usually occur after progressive osteolysis and 
bone resorption around the stem. Bone augmen-
tation techniques are needed in addition to frac-
ture stabilization. A combination of bone struts 
and impaction grafting are commonly required to 
restore bone stock and provide stability. In cases 
of severe bone loss, grade IV or absence of olec-
ranon, an APC reconstruction may be the only 
option.

11.2.6.3	 �Type III Fractures
Shaft fractures beyond the tip of the stem can be 
treated with immobilization. Surgery is recom-
mended if satisfactory alignment is not achieved 
(Fig. 11.4).
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a

d e

b c

Fig. 11.3  Periprosthetic aseptic loosening treated with 
implant revision and bone struts: (a) anteroposterior (AP) 
and (b) lateral view of periprosthetic aseptic loosening; 

(c) intra-operative view of the reconstruction; (d) AP and 
(e) lateral view after open reduction and internal fixation 
(ORIF)

a b c

Fig. 11.4  Periprosthetic fracture treated by means of 
open reduction and internal fixation (ORIF) with an excel-
lent result: (a) anteroposterior (AP) and (b) lateral view of 

the fracture; (c) AP and (d) lateral view after ORIF; (e) AP 
and (f) lateral view of the humerus 5 years after surgery
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11.3	 �Conclusions

The available literature in revision elbow arthro-
plasty is scarce. Most of the principles followed 
in treating these patients have been extrapolated 
from hip and knee revision arthroplasties. 
Infection, fractures and osteolysis with bone loss 
are the most common reason for revision elbow 
arthroplasty bone loss.

Infection is a catastrophic complication after 
elbow arthroplasty. The diagnosis of infection 
should be based on clinical suspicion and careful 
interpretation of blood tests. When infection is 
suspected, cultures of joint aspiration or even 
arthroscopic or open biopsies are indicated. The 
current recommendations for dealing with an 
infected elbow arthroplasty include debridement 
with retention of well-fixed implants in acute 
infections not caused by S. epidermidis and 
resection with staged reimplantation in the rest of 
cases. Allograft-prosthetic composite reconstruc-
tion is used only in massive bone loss not ame-
nable to other form of reconstruction. Resection 
arthroplasty is still a valid option in extremely 
frail and low demand patients.

Revision total elbow arthroplasty in the con-
text of periprosthetic fractures and bone loss 
entails substantial risks. These include nerve 

injury, infection, implant loosening and wound 
complications. These risks could be minimized 
with a meticulous pre-operative planning, ade-
quate exposure and nerve protection. The risk of 
non-union and implant loosening may be reduced 
by delicate surgical techniques and the use of 
strut allograft, plate fixation or allograft-
prosthetic composites. These complex recon-
structive procedures can yield to a good result, 
restoring elbow function and eliminating pain. 
Strut allografts should be used to address cortical 
defects or if a thin cortex is present. Struts are 
also very effective as a supplement for fracture 
healing with satisfactory results. Impaction graft-
ing and allograft composites are useful to aug-
ment bone stock but due to the high number of 
complications reported their use should be 
judicious.
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Revision Total Elbow Arthroplasty: 
Complications and Results
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12.1	 �Introduction

As the number of total elbow arthroplasty (TEA) 
has increased worldwide so has the number of 
expected revisions [1]. The number of procedures 
performed for inflammatory arthritis has 
decreased while the number of procedures per-
formed for trauma or posttraumatic sequelae has 
increased. This shift in the indication for TEA 
may have an impact on long-term survival as 
posttraumatic patients are usually younger and 
more active, so failures for loosening might 
increase in the future. Additionally, these cases 
may be affected by the deficient distal humerus 
and proximal ulna, which poses a specific risk for 
revision [2]. This increased burden of surgery 
poses specific risks to hospital systems and sur-
geons as the complexity of the techniques to 
address these problems is difficult and is not 
without complications [3–5].

In this chapter, we address the current results 
of revision arthroplasty, its complications, and 
some of the challenges for the future. If TEA is 
still considered an infrequent procedure for most 
of the surgeons performing it, this is only 
increased with revision TEA.  Not only the fre-
quency but the surgical challenges of a revision 
procedure are enormous, and as Dee wrote in 

1980, “the failed total prosthesis presents a for-
midable challenge.” Sadly, this has not changed 
in all these years, and the increased complexity of 
the surgical procedure with the use of very spe-
cific techniques for bone reconstruction, the need 
for extended approaches with nerve dissection 
and protection, the use of longer implants, and 
the absence of anatomical references to guide 
proper alignment of the prosthetic elbow still 
remain.

Causes for revision include loosening, infec-
tion, instability, and component failure [3–5]. 
Naturally, specific designs have a specific list of 
problems (Table  12.1). Additionally, nerve 
entrapment, triceps failure, and stiffness (with or 
without ankylosis) may be a cause for reopera-
tion. Periprosthetic fractures are an additional 
complication that increases with longer follow-
up [6, 7]. Revision surgery has a different 
approach depending on the presence of infection 
and is affected by the presence of bone loss or 
periprosthetic fracture. Strategies for the recon-
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Table 12.1  Causes for revision surgery after total elbow 
arthroplasty (TEA)

Linked TEA Unlinked TEA
Bushing wear Instability
Aseptic loosening
Infection
Periprosthetic fracture
Stiffness
Ulnar nerve problems
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struction of bony deficiency include strut aug-
mentation, impaction grafting, and the use of 
allograft-prosthetic composite (APC) reconstruc-
tion, mostly using hinged designs. Thus, it is dif-
ficult to singularly address results of revision 
TEA as a single entity.

In a recent systematic review addressing the 
outcomes of revision TEA including 21 studies 
published between 1987 and 2017, Geurts et al. 
reported on 532 patients with a mean age of 
61  years of age and a mean follow-up of 
65 months after revision surgery, which occurred 
after a mean of 77 months after the index TEA. In 
79% of the cases, either the linked Coonrad-
Morrey (59%) or the unlinked Souter-Strathclyde 
design was used in these reports so the informa-
tion may not apply correctly to other designs [8]. 
Patient pain improved from 3.9 preoperatively to 
1.5 postoperatively (p < 0.001) at rest and from 
6.3 to 3.1 with activity (p  <  0.001). Flexion 
improved from 119° to 128° and loss of exten-
sion improved from 35° to 30° for an improve-
ment in the total arc of flexion from 87° to 99° 
(p < 0.001). Total pronation and supination arc of 
motion improved from 124° to 134° (p < 0.001) 
with a significant improvement of all parameters 
of the Mayo Elbow Performance Score (MEPS) 
score. When comparing results between linked 
and unlinked implants, the results were better for 
the linked implant as shown by MEPS, extension 
deficit, arc of flexion-extension, and pronation. 
Complications were reported at a similar rate 
(46% for the linked design against 45% for the 
unlinked one). However, linked prostheses have 
more reoperations than unlinked implants (26% 
vs. 20%), the indications being similar. 
Contraindications to the use of an unlinked 
implant are having insufficient bone stock and 
inadequate soft tissues, which may introduce 
selection bias in the comparison. Forty-four per-
cent (44%) of patients suffered at least one com-
plication, the most frequent ones in the order of 
importance being aseptic loosening (22%), tran-
sient nerve symptoms (21%), and periprosthetic 
fracture (15%) There were 128 reoperations in 
116 cases (21.8%) consisting in a second revision 
in 57% of the cases, followed by a second revi-
sion with bone grafting (8%), removal of the 

prosthesis (22%), cerclage wiring (4%), a cement 
spacer replacement (4%), and debridement with 
antibiotics (4%). The authors suggest that in the 
revision setting a linked design might be a better 
option, and with the available numbers, it pre-
cludes a subsequent analysis according to the dif-
ferent indications for the index or revision 
surgery. Table 12.2 summarizes main results of 
revision for aseptic loosening [7, 9–11].

We have analyzed the outcomes according 
to  the most common clinical scenarios in 
revision TEA.

12.2	 �Situations with No Bony 
Deficiency

Loosening occurs from primary failure of the 
bone-cement interface or secondarily due to par-
ticulate debris from polyethylene wear associated 
with particular designs (Coonrad-Morrey pre-
coated stem) [12]. If polyethylene (PE) wear is 
indeed the problem, young patients, high activity 
level, type of PE and, mostly, linked designs in 
which the PE is used as a bushing are at an 
increased risk of developing this problem. 
Particulate debris is known to cause synovitis and 
osteolysis. Situations which increase the stress 
on the cement-bone interface such as deformity, 
implant malposition, impingement, obesity, 
activity level, and structural deficiency only 
increase the risk of this complication [13–19]. 
While most bushings have a PE part, the number 
of revisions for isolated bushing wear is low in 
the literature, and many consider loosening asso-
ciated with the precoat ulnar component than to 
osteolysis (Table  12.3) [19–21]. Particulate 
debris disease can be clinically silent until 
mechanical impingement and metallosis produce 
symptoms at which time the amount of bone loss 
may be variable but can be significant.

Fracture of the stem is a rare cause for revision 
typically without loss of host bone and can occur 
at both the humerus and the ulna. There is scarce 
information, but Athwal et  al. described their 
experience in 24 patients presenting with 27 TEA 
in a single institution for a prevalence of 0.65% 
of humeral component fracture and 1.2% of ulnar 
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component fracture [22]. Of note, the ulnar com-
ponent fracture was seen mostly with the porous-
coated stem of the Coonrad-Morrey prostheses 
and since the design change to the plasma sprayed 
this complication virtually disappeared. The 
mean time between the index operation and the 
revision was 8.2  years for the humeral compo-
nent and 4.6 years for the ulnar component. The 
authors described a technique to progressively 
expand the cortical cement mantle after extrac-
tion of the fracture stem and a revision with a 
cement-in-cement technique in 14 cases. In the 
remainder, all the cement was extracted with or 
without the use of cortical windows (three cases). 
The bushings were exchanged for wear in five 
cases. The clinical results at 5  years follow-up 
were similar for both techniques (traditional vs. 
cement-in-cement) with comparable MEPS (78 
vs. 82), corresponding to excellent results in 
eight patients, good in five, fair for six, and poor 
for two. Nineteen complications occurred in 14 
patients, 7 of which were intraoperative and 
included intraoperative cortical perforations, 5 
nerve injuries (2 permanent), 3 triceps avulsions, 
and 1 deep infection. Most cortical perforations 
were small and were treated with strut allograft 
and in one case with cancellous bone chips. Three 
transient ulnar neuropathies resolved postopera-
tively with one additional persistent sensory 
ulnar neuropathy and one postoperative radial 

nerve palsy in a patient that was lost to follow-up. 
Of the three triceps ruptures two underwent 
repair, and one refused further surgery. One 
patient sustained an olecranon fracture for the 
treatment of early stiffness while being manipu-
lated during rehabilitation that required internal 
fixation. Another suffered a stable periprosthetic 
fracture that healed with bracing. One patient had 
bushing wear that required revision bushing 
exchange 41  months after the revision, another 
patient underwent revision of the humeral com-
ponent for loosening at 51 months after the oper-
ation, and the third patient had a failure of both 
implants due to infection despite surgical debride-
ment and suppressive antibiotics.

12.3	 �Situations with Loss  
of Host Bone

Surgical options for failed TEA with loss of host 
bone include resection, allograft, standard TEA, 
semi-constrained long-flanged prosthetic compo-
nent, the use of a custom-made component, or use 
of a TEA with allograft. Specific considerations 
learned from revision hip surgery also apply to the 
elbow, including that a successful revision requires 
a stem that bypasses any cortical weakness or frac-
ture, adequate distal humeral or ulnar fixation, and 
a viable articulation, and although on certain 

Table 12.3  Revisions for isolated bushing wear

Author Patients

Age (mean 
at initial 
TEA) Primary TEA Revision

Time to 
revision

Revised 
component Observations

Wright 
et al. [19]

10 54 Posttraumatic 
arthritis, nonunion, 
RhA, tumor

Bushing 
wear

60 months Ulna: 4
Humerus:1
Ulna and 
humerus:2
Bushing 
wear: 3

Lee et al. 
[20]

12 44 Posttraumatic, 
RhA, deficient 
columns

Bushing 
wear

7.9 years None Associated 
osteolysis in 4 
humerus and 4 
ulnas

Mansat 
et al. [21]

15 55 Posttraumatic 
arthritis, nonunion, 
RhA, psoriatic 
arthropathy, septic 
arthritis sequelae

Bushing 
wear in 7 
(severe in 
2)

Bushing 
exchange: 
2 (same 
patient); 
1 RA

Revision-free 
survival at 
10 years 90%
10 complications 
with 3 revisions

TEA total elbow arthroplasty, RhA rheumatoid arthritis, RA resection arthroplasty
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situations, and if bony reconstruction is successful, 
one may choose a short stem. Obviously, the cause 
of failure of the failed TEA must be addressed. 
Malone et  al. showed that bone loss negatively 
affects the longevity of a semiconstrained TEA, so 
different strategies have been developed to recon-
struct bony deficiency [11].

Using an unlinked revision system, 
Ehrendorfert et al. reported on the results of 15 
revision arthroplasties with bone loss of less than 
4 cm without any use of bone augmentation [23]. 
The treatment included the use of longer Souter-
Strathclyde cemented implants. The authors 
found a mean arc of motion of 85° with five 
patients showing less than 90° of arc of motion 
and a mean elbow performance score of 75. Five 
patients experienced ulnar nerve paresthesia, one 
had numbness, and three of those had a weak 
motor function, with an average score of postop-
erative pain of 6.9 (10 being no pain). 
Complications included ulnar and humeral perfo-
ration, fracture at the tip of the prosthesis and two 
patients having poor results due to residual insta-
bility. Curiously the authors note that the chief 
complaint of the patients was the impaired ability 
to carry.

12.4	 �Use of Impaction Grafting

Indications for the effective use of impaction 
grafting are osteolysis with contained cortical 
expansion (Table  12.4). As impaction grafting 
needs to impact bone into the distal humerus or 
proximal ulna, an appropriate cortical shell is a 
necessary prerequisite. Otherwise, this technique 
is contraindicated. Occasionally this technique 
can be combined with a strut graft to obtain a 
stable anterior cortex to stabilize the anterior 
flange of the humeral component.

Lobenberg et al. reviewed the results of impac-
tion grafting performed before 1997 in 12 patients 
with a mean follow up of 72 months [24]. Seven 
were rheumatoid arthritis patients, and five were 
posttraumatic patients. Impaction grafting was per-
formed with the new component in three cases, and 
in nine cases there had been a prior surgery where 
revision of the prior TEA had been performed. 
Four patients had bone grafting at the ulna, six at 
the humerus, and two at both sides. Additional strut 
allografts were placed to span cortical effects in 
five patients. Eight of the 12 prostheses were in 
place at last follow-up. Two patients were revised 
for loosening, one for fracture of the ulnar compo-
nent, and one patient underwent resection arthro-
plasty due to infection. The patients with the 
implant in place had an improvement in bone qual-
ity without signs of loosening. There were three 
more revisions at final follow-up with five excel-
lent, four good, and three fair results.

Rhee et al. described the results of impaction 
grafting in 16 patients with a mean age of 
58.4 years [25]. Fourteen elbows had loosening 
of both the humeral and ulnar component, and 
two elbows only had humeral loosening. Two 
elbows had a perforation of the humeral cortex, 
and one had a perforation of the ulnar cortex. 
Bone loss was King grade IV in seven cases, 
grade III in six, and grade II in three elbows. 
Impaction was performed in all cases with 
allograft and additional autograft from the iliac 
crest in three cases. Pain and total arc of motion 
improved with an improvement in MEPS from 
41 points preoperatively to 82.8 points postoper-
atively (p  =  0.001). The results were good or 
excellent in 15 cases and fair in 1. Mild graft 
resorption (grade I or II) was observed in all 
cases, and incomplete radiolucent lines were 
observed in 12 cases, complete radiolucent lines 
in 3, and probable loosening in 1 case. Additional 
surgery was needed in two cases.

12.5	 �Use of Strut Allograft

The use of struts in the femur for periprosthetic 
fractures and revision hip surgery has been suc-
cessful because they provide similar support to 

Table 12.4  Indications for use of strut allograft

Humerus Ulna
Periprosthetic fracture
Reinforcement of thin  
cortical bone
Small cortical defect
Augmentation for 
anterior flange support

Augmentation of ulnar bone 
stock for triceps attachment

12  Revision Total Elbow Arthroplasty: Complications and Results



134

metal plates and may unite to host bone augment-
ing resulting bone stock. Struts are usually fixed 
by circumferential wire or cables, and an anterior 
and a posterior strut are commonly used in the 
humerus. Of particular importance is the engage-
ment of the anterior flange with the anterior strut 
graft for added stability of the construct. The use 
of a flange and an anterior strut graft can make up 
for significant distal humerus defects. The results 
of this technique are summarized in Table 12.5 
[7, 24, 26]. However, cost, availability, disease 
transmission, and the need for long exposures 
and surgical time for proper contouring can limit 
the use of the allograft [27]. Typically a strut 
allograft has been used with one or two struts in 
the humerus (anterior or anterior and posterior) 
and typically with a single posterior strut in the 
ulna although there is an occasional report of its 
use in a posteromedial and posterolateral fashion. 
Struts have been used because it is a simple and 
yet effective way of dealing with bone loss until 
the development of allograft-prosthetic compos-
ite techniques was refined. The use of strut 
allograft has been seldom reported in the 
literature.

Sanchez-Sotelo et al. described its use for the 
treatment of periprosthetic fractures with an 
associated humeral loose component (and one 
case of ulnar bony deficiency) [7]. Union was 
achieved in the majority (10/11), but one patient 
required a revision for aseptic humeral loosening 
after healing of the fracture. Eighty-eight percent 
of the patients achieved a functional arc of motion 
and slight or no pain. Complications were fre-
quent, including triceps insufficiency, permanent 
ulnar nerve injury, olecranon fracture, humeral 
fracture, and nondisplaced humeral peripros-
thetic fracture.

Kamineni et al. reported on the results of strut 
allografts for proximal ulnar bone loss with failed 
TEA in 22 patients [26]. The reason to use grafts 
were to stabilize periprosthetic fractures, to 
reconstruct the proximal ulna for triceps recon-
struction to support and augment an impaction 
grafting technique in proximal lytic ulna lesions, 
and to contain cortical defects. While the range of 
motion was not significantly improved, pain and 
function were much improved in these complex 

cases. All cases showed incorporation of at least 
50% of the graft, of 50–75% in 5 elbows, and 
complete or almost complete in 14 elbows.

Foruria et al. in a report of ulnar periprosthetic 
elbows reported fracture healing in all patients 
with a mean follow-up of 5  years [28]. Of 21 
patients, all except 3 had no pain. Complications 
include deep infection in three patients and one 
patient with ulnar loosening.

Tokunaga et al. reported the use of iliac crest 
bone graft with compression plating for an ulna 
fracture after loosening of the ulnar stem (type II 
fractures) [29]. The authors report on a staged pro-
tocol that involved the use of ICBG with compres-
sion plating achieving union and then proceeding 
to the revision of the ulnar implant with a longer 
stem with the use of impaction grafting. Other 
authors like Moro et  al. have shown a lack of 
incorporation and increased risk of infection [27].

12.6	 �Use of Allograft-Prosthetic 
Composite (APC)

In the presence of massive bone loss there is an 
insufficient bone stock to support a conventional 
implant, and thus the use of bulk allograft, cus-
tom prostheses, and strut allografts have been 
described along with resection arthroplasty. 
Resection arthroplasty has been associated with 
decreased function according to the MEPS score, 
achieving 60 points. Associated with bone loss, 
soft tissues are frequently compromised, so a 
consultation to the plastic surgery department is 
recommended. The initial experience of the 
Mayo Clinic was described by Mansat et al. and 
showed a high rate of complication rate and a 
revision rate of 38% [21]. These results led to 
changes in the fashioning and fixation to the 
grafts. The use of a step cut provided increased 
intraoperative flexibility, and the use of side-to-
side fixation with cables to the host bone 
permitted easy adjustment of soft tissue tension 
and reliable fixation. Of course, these are one of 
the most challenging cases in revision arthro-
plasty and are subject to complications 
(Table 12.6) [21, 30, 31].
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In a review of the most recent experience, 
Morrey et al. reported on 25 patients that under-
went an APC of the humerus (6 cases), the ulna 
(18 cases), or both (1 case) [31]. The existence of 
an extended flange in the humeral component can 
explain the use of fewer APCs in the humerus 
that can compensate a bone loss of approximately 
8 cm. The indications were aseptic implant loos-
ening with a fracture or cortical defect (11) or 
without fracture (3), infection (7), failed implants 
(1), bone loss after hemiarthroplasty (1), non-
union (1), and resection arthroplasty (1). The 
APC was used in three ways, being intussus-
cepted into the remaining proximal ulna in cases 
where the cortical bone was expanded or a small 
cortical defect was found. In cases of a significant 
cortical defect at the implant insertion site, the 
use of a strut-like coaptation APC was used. The 
implant was stabilized into the allograft, but the 
stem emerges from the allograft to fit into the 
host ulna while a strut from the APC can coapt 
externally with the host bone. In cases of insuffi-
cient bone and malalignment, the APC was fixed 
in a side-to-side manner with wires. The diameter 
of the wires was larger for the humerus. For these 
cases, the stem was cemented (with antibiotics) 
into the allograft, and then the composite was 
fixed to the host. In type I and II fractures, the 
cement could be applied after the implant was 
introduced into the canal, the reason for this 
being adequate reproduction of arm length and 
soft tissue tension. The authors reported improved 
MEPS of 54 points (84 points at last follow-up) 
with incorporation of the allograft in 92%. There 
were three infections, three fractures, one non-
union, one malunion, one skin necrosis, one tri-
ceps insufficiency, and one ulnar nerve 
paresthesia. There were nine reoperations in six 
patients, resection arthroplasty being done in four 
cases.

Amiyfeiz et al. reported on similar outcomes 
for 10 patients (11 elbows) with a mean age of 
64 years that underwent 14 APC reconstructions 
for massive structural bone loss [30]. At 
75  months follow-up, patients achieved a func-
tional arc of motion and an improvement of the 
MEPS from 9.9 preoperatively to 74 points post-
operatively. The authors observed partial resorp-

tion in 50% of their grafts, but the humeral grafts 
showed healing in one of eight while the ulnar 
grafts had increased rates of healing (seven of 
eight), which prompted them to counsel regular 
long-term review of these patients.

12.7	 �The Infected TEA

The rate of infection is variable with a median of 
3.3% and ranges from 0 to 11% [32–34].The 
infected TEA poses its specific set of problems. 
While the success of one-stage revision has been 
around 85% in the lower limb, it is decreased in 
TEA. The factors for this are not well known but 
may include the common existence of prior pro-
cedures and the thin, soft tissue sleeve around the 
elbow.

There are four approaches to treatment, 
including resection arthroplasty, implant reten-
tion and debridement, and one- and two-stage 
revisions (Table 12.7) [25, 35–40]. Fusion is dif-
ficult to achieve in these situations and results in 
poor function. The decision of which technique 
to perform is based on the health status of the 
patient, the timing of the infection, the type of 
organism, and the existence of loose components 
and bone loss. Typically, two-stage revisions are 
the preferred treatment for chronic infections, 
compromised soft-tissue, or with the presence of 
a sinus tract.

Resection arthroplasty is considered for 
patients without the desire or status to undergo 
additional procedures, massive bone loss, and a 
highly resistant organism. It is interesting to note 
that patients did still benefit from the operation 
with an improvement of function from 37 to 60 
points (MEPS) [38].

Implant retention and debridement is an 
attractive option to decrease the complications of 
implant removal at the cost of a risk of undergo-
ing successive debridement procedures. The rate 
of infection control ranges from 50% to 80% in 
modern literature and is an effective strategy if 
the implants are well fixed and the organism is 
sensitive to treatment.

Spormann et al. reported on eight cases with 
early infection and ten cases of late presentation 

12  Revision Total Elbow Arthroplasty: Complications and Results
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(2  years after index procedure) treated with 
debridement and irrigation [41]. Repeat irriga-
tion was performed one week after if the inflam-
matory markers were not back to baseline values. 
All cases of early infection were successful while 
only three of ten late presentations were con-
trolled. These patients had a duration of symp-
toms of less than 10 days. Streubel et al. using a 
similar protocol achieved 81% success with a 
satisfactory functional outcome in 75% of 
patients [39].

In both previous studies the presence of infec-
tion by S. epidermidis precluded successful treat-
ment with debridement alone and should be 
managed with a different strategy.

Revision of the implant is typically performed 
in two stages. Gille et  al. performed a single-
stage revision in six patients with two of them 
recurring in the first 6 months [42]. The two-
stage revision is considered the standard of care 
in periprosthetic joint infection, but compared to 
the hip literature, the success rate is diminished. 
In a group of revision procedures Cheung et al. 
reported on 29 elbows with a two-stage protocol 
that included 6-week course of i.v. ATB and 
reimplantation if inflammatory markers were 
normalized [43]. During the second stage proce-
dure, at least three biopsies had to demonstrate 
the absence of inflammation to continue. They 
reported a success rate of 72% with a survival-
free of reoperation rate at 3 years of 77%. Eight 
elbows had a recurrent infection, and they under-
went resection arthroplasty. The functional out-
come in those with a retained implant was poor in 
only three patients (14%).

Peach et al. reviewed 26 patients undergoing 
resection and antibiotic-laden cement beads and 
reimplantation with a success rate of 88.5%. 
Patients without recurrence had mean MEPS of 
81.1 points at 2-years follow-up. Of note, 24% of 
the patients did not undergo the second stage of 
revision [40]. S. coagulase–negative organisms 
caused the majority of infections.

All authors use inflammatory markers for 
diagnosis and to monitor the postoperative fol-
low-up and delay the second stage at least until 
these markers had recovered baseline values [44]. 

However, the thresholds are not clear, specifically 
in patients with inflammatory arthritis. The role 
of aspiration is controversial, but many authors 
have used it to try to guide antibiotic treatment 
despite the universal role of intraoperative tissue 
culturing and antibiotic sensibility testing. The 
use of antibiotic-laden cement is widespread 
despite the lack of evidence in the elbow, but it is 
based on extrapolated data from other joints and 
all attempts are made to remove all foreign mate-
rial from the canals although this has to be 
weighed against the effort to remove bone stock. 
Despite all these efforts, some patients will have 
positive cultures after the second stage implanta-
tion. These patients are candidates for long-term 
suppressive antibiotics or resection arthroplasty 
depending on the type and sensitivity of the 
organism.

12.8	 �Conclusions

Revision total elbow arthroplasty (TEA) is a 
complex treatment for the patient and treating 
physician. It is essential to analyze the reason for 
failure so as not to repeat the same mistake. In 
consequence, it may have implications on the 
design of the prostheses or technical aspects with 
regards to implantation technique, cementing, or 
implant positioning. The presence of bone loss 
increases the complexity and risk of failure. As 
such all efforts must be made to increase the 
available bone stock. The presence of infection 
can further complicate all the technical issues. 
Periprosthetic joint infection is hard to diagnose 
and typically requires more than one operation. 
Coordination with an infection specialist may be 
beneficial for the patient. The rate of peripros-
thetic fractures only increases with longer-term 
follow-up and may require strut grafting. 
Revision surgery requires attention to detail, an 
important team effort involving different special-
ists and is technically demanding. As such, it may 
be appropriate to transfer the patient to an 
institution that has all the necessary resources 
and experience for the treatment of these kinds of 
patients.
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Revision Total Ankle Arthroplasty: 
Epidemiology and Causes
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13.1	 �Introduction

Total ankle arthroplasty (TAA) was initially pop-
ularized in the 1970s as an alternative to tibiotalar 
fusion for advanced tibiotalar osteoarthritis; how-
ever, failures were serious. Contemporary designs 
show promise, focusing on normal joint anatomy 
and function with greatly improved materials and 
a more accurate surgical technique. However, 
even with advancements in technology and 
implant engineering, implant failure remains a 
problem [1].

According to Myerson et al., the chief indica-
tions for revision TAA (RTAA) include loosening 
and subsidence of the talar component with no 
limit to the extent of subsidence or loss of talar 
bone stock, given neither prevents use of a revi-
sion system, especially when a flat cut on the 
talus can be made [2].

Roukis and Elliot reported a systematic review 
to recognize the material relating to the frequency 
of revision after implantation of the Salto mobile 
version and Salto-Talaris TAAs [3]. Forty-eight 
patients with Salto mobile version prostheses 
(4%) went through revision of whom 24 (70.5%) 
were subjected to tibiotalar fusion, 9 (26.5%) to 
metallic component replacement, and 1 (3%) to 

below-the-knee amputation. Five (2.4%) Salto-
Talaris TAAs went through revision (three metal-
lic component replacements and two tibiotalar 
arthrodeses). Restricting the data to the inventor, 
design team, or disclosed consultants, the fre-
quency of revision was 5.2% for the Salto mobile 
version and 2.6% for the Salto-Talaris TAAs. In 
contrast, data that excluded these individuals had 
a rate of revision of 2.8% for the Salto mobile 
version and 2.0% for the Salto-Talaris TAAs. 
Roukis and Elliott could not determine any clear 
difference in the etiology responsible for the rate 
of revision between these mobile- and fixed-
bearing designs. The rates of revision for the 
Salto mobile version and Salto-Talaris TAAs 
were lower than those reported for the Agility 
and STAR (Swedish Total Ankle Replacement) 
designs without apparent selection (inventor) or 
publication (conflict of interest) bias. The pur-
pose of this chapter is to analyze the epidemiol-
ogy and causes of RTAA.

13.2	 �Epidemiology

A systematic review reported in 2013 by Prissel 
and Roukis analyzed the rates of failure and revi-
sion of the STAR design, showing a 10.7% revi-
sion rate at weighted mean follow-up of 
64 months [1].

In 2013, Labek et al. analyzed several national 
arthroplasty registers worldwide (Sweden, 
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Finland, Norway, New Zealand, and Australia) 
[4]. They found that the outcomes of TAA were 
promising, but the revision rate was higher than 
for total hip or knee arthroplasty. They also found 
differences between Europe and Oceania with 
respect to indications. All registers showed revi-
sion rates of approximately 10% at 5  years of 
which about 40% of cases were for aseptic loosen-
ing. Inlay fractures were relatively frequent, which 
indicated a potential for an improved design. The 
causes of intraoperative surgical errors leading to 
RTAA varied significantly among registers.

In 2013, Noelle et  al. analyzed 114 STAR 
prostheses implanted over a 6-year period (2005–
2010). The average follow-up was 36  months. 
The reported revision rate was 14.9% [5]. A total 
of 87% of the patients reported a better quality of 
life. Twenty-seven (27/114) ankles had complica-
tions after primary surgery, and 21 prostheses 
(21/114) needed revision surgery, including 4 
patients who required tibiotalar fusion. This 
study showed a high satisfaction rate after TAA 
and clear pain relief. Patients with body mass 
index (BMI) higher than 30 showed a higher rate 

of complications. Compared with tibiotalar 
fusion, the complication rates were similar.

In 2018, Lai et al. studied the rate and predic-
tors of early complications after primary and 
RTAA.  In a 7-year period (2010–2016), 905 
patients were studied, of whom 818 went through 
primary TAA (90.4%) and 87 through experi-
enced RTAA (9.6%) [6]. The overall complica-
tion rate was 5.5% (50/905). Complications 
occurred more commonly after RTAA (9/87) 
than following primary TAA (41/818). Age, BMI, 
and RTAA were independent risk factors for 
30-day complications.

Law et  al. analyzed the trends in TAA use 
and the rate of RTAA using the Medicare data-
base [7]. Their analysis showed that there was a 
high rate of yearly growth in TAA use (16.37%) 
and RTAA (7.74%), indicating an increased 
demand for TAA in the Unites States. However, 
they concluded that failed TAA can have peril-
ous repercussions, and RTAA continues to have 
suboptimal outcomes. Table  13.1 summarizes 
the rates of RTAA found in the literature 
(2–15%).

Table 13.1  Rates of revision total ankle arthroplasty (TAA) in the literature

Author Year Design Rate Comments
Prissel and 
Roukis [1]

2013 STAR 10.7% No comments

Labek et al. 
[4]

2013 Multiple designs 10% (40% for 
aseptic 
loosening)

Registry data from Sweden, Finland, Norway, New 
Zealand, and Australia were included in this analysis

Noelle et al. 
[5]

2013 STAR 14.9% No comments

Roukis and 
Elliott [3]

2015 Salto mobile and 
Salto-Talaris

From 2.6% to 
5.2% (Salto 
mobile); from 
2% to 2.8% 
(Salto-Talaris)

Restricting the data to the inventor, design team, or 
disclosed consultants, the incidence of revision was 
5.2% for the Salto mobile version and 2.6% for the 
Salto-Talaris TAAs. In contrast, data that excluded 
these individuals had an incidence of revision of 
2.8% for the Salto mobile version and 2% for the 
Salto-Talaris TAAs. The incidences of revision for 
the Salto mobile version and Salto-Talaris TAAs 
were lower than those reported through systematic 
review for the Agility and STAR systems without 
obvious selection (inventor) or publication (conflict 
of interest) bias

Lai et al. [6] 2015 NA 9.6% No comments
Law et al. 
[7]

2018 NA 7.74% Medicare database

STAR Swedish Total Ankle Replacement, NA nonavailable
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13.3	 �Causes and Risk Factors

In a series of 114 TAAs (STAR prostheses) 
reported in 2013 by Noelle et  al., 27 (27/114, 
23.6%) ankles had complications following pri-
mary surgery, and 21 prostheses (21/114, 18.4%) 
needed revision surgery (14.9% revision TAA), 
including 4 (3.5%) patients who required tibiota-
lar fusion. Patients with BMI  >  30 showed a 
higher rate of complications [5].

In 2014, Sadoghi et al. studied the modes of 
failure after TAA (Table 13.2) (Figs. 13.1, 13.2 
and 13.3). They emphasized the importance of 
comprehending the most frequent failure modes 
of TAA to suitably designate the resources, 
healthcare costs, improve surgical treatment 
methods, and improve the design and longevity 
of the prostheses [8]. They did not find significant 
differences between any of the failure modes. 
However, they found that the number of TAAs 
was increasing with time.

In 2015, Horisberger et al. reported that bone 
augmentation was required for RTAA with large 
osseous defects. In a 5-year period, 10 patients 
with aseptic loosening of TAA associated with 
great bone loss at the tibia, the talus, or both, 
were treated. Autologous structural iliac crest 
bone augmentation, as a one- or two-stage 
approach, was used [9]. Adequate bone stock was 
successfully reestablished. At an average follow-
up of 4 years, 2 of 10 cases had to be converted to 
tibiotalocalcaneal fusion due to persistent pain 
with considerable arthrofibrosis (joint stiffness) 
but not loosening.

Patton et  al. analyzed the risk factors for 
infected TAA in a retrospective comparative 
study (level III of evidence). A group of 966 

Table 13.2  Main modes of failure of total ankle arthro-
plasty (TAA)

Loose talar components
Loose tibial component
Dislocation
Instability
Malalignment (Fig. 13.1)
Deep infection
Fracture (near implant) (Fig. 13.2)
Pain
Defective polyethylene

Fig. 13.1  Intraoperative fluoroscopic image in which an 
incorrect implantation of the tibial stem can be observed 
in an Inbone II total ankle prosthesis. The stem provides 
diaphyseal support to the prosthesis but can increase the 
risk of sagging of the tibial plate due to the lack of cover-
age of the anterior cortex of the tibia

Fig. 13.2  Intraoperative fluoroscopy image. A fracture of 
the tibial malleolus has occurred during prosthetic implan-
tation, and an osteosynthesis with percutaneous K wires 
has been performed

13  Revision Total Ankle Arthroplasty: Epidemiology and Causes



146

patients with TAA were reviewed, and 29 cases 
of infected TAA (3.2%) were identified. The rate 
of infection in primary TAA was 2.4%, and in 
RTAA it was 4%. Risk factors for infection in this 
study included diabetes, previous ankle surgery, 
and wound healing problems more than 14 days 
postoperatively. No significant difference was 
found between groups with respect to risk factors 
such as smoking, BMI, and operative time [10]. 
These authors concluded that given the morbidity 
of infected TAA, meticulous consideration 
should be made about performing TAA in patients 
with multiple previous surgeries and comorbidi-
ties that predispose to wound-healing 
difficulties.

In a prospective comparative study (level II of 
evidence) reported in 2015, Demetracopoulos 
et al. found that the outcomes of TAA in younger 
patients were similar to the outcomes in older 
patients at early follow-up. Some 395 patients 
were reviewed with a mean follow-up of 3.5 years 
(range, 2–5.4 years). Patients were divided into 
three groups based on age at the time of surgery 
(<55, 55–70, and > 70 years). The rate of wound 
complications, need for reoperation, and revision 
were comparable between groups [11].

Roukis and Elliot could not identify any obvi-
ous difference in the reasons for revision between 
the Salto mobile and the Salto-Talaris (fixed-
bearing) prostheses. However, the incidence of 
revision for the Salto mobile version and Salto-
Talaris TAAs was lower than that reported for the 

Agility and STAR systems without obvious 
selection (inventor) or publication (conflict of 
interest) bias [3].

Steck et al. reported in 2017 that factors such 
as patient selection, surgeon experience, implant 
features, and prosthetic device selection could 
affect functional results as well as the rate of 
complications after RTAA (Fig. 13.4). Thus, even 
with faultless surgical technique and optimal 
patient selection, complications that require revi-
sion can still arise [12].

In 2017, Di Iorio et al. reported a prospective 
case series (level IV of evidence) on the Ankle 
Evolutive System (AES, a mobile-bearing TAA 
evolved from the Buechel Pappas model) 

a b

Fig. 13.3  A 70-year-old patient with joint pain and stiff-
ness after Ramses ankle prosthesis. (a) On the lateral 
ankle radiograph, loosening can be observed with sinking 
of the talar and tibial components with the presence of 

anterior and posterior heterotopic ossification. (b) 
Intraoperative image after debridement and resection of 
the heterotopic ossification in which the subsidence of 
both components (talar and tibial) can be observed

Fig. 13.4  Patient with pain and instability in the ankle 
3  years after the implantation of a Mobility total ankle 
prosthesis. Lateral radiograph shows a radiolucent line 
greater than 2 mm around the tibial stem and loosening 
and sinking of the talar component
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TAA.  The overall 10-year survival was lower 
than with other prostheses, especially due to cyst 
lesions. Fifty AES prostheses were analyzed. 
Preoperative osteoarthritis was largely posttrau-
matic (50%) and secondary to instability (36%). 
The mean follow-up was 10 years (range, 9–13) 
[13]. Fifteen patients with TAAs went through 
reoperation for cyst curettage graft because of 
development of periprosthetic lesions, six of who 
ended up with prosthesis removal for fusion. At 
the most recent follow-up, 14 TAAs were 
removed for fusion. Of the 30 prostheses seen at 
the most recent follow-up, 4 were awaiting pros-
thesis removal for fusion and 1 for cyst curettage 
graft. The 10-year survivorship free of any pros-
thesis removal or tibiotalar fusion and free of any 
reoperation was 68% and 57%, respectively.

According to Elliot and Roukis, delayed 
wound healing of the anterior incision is frequent 
after primary and RTAA surgery [14]. These 
authors have been using a modified Sir Robert 
Jones compressive dressing for both primary and 
revision TAAs. They have added an aperture pad 
made of cotton cast padding over the anterior 
incision to protect the area from pressure necro-
sis. They performed a comparison study of the 
postoperative wound complications involving 35 
patients who received the original dressing and 
33 patients who received the addition of the aper-
ture pad. With no significant difference in the 
patient populations, the outcomes showed a 
three-fold reduction in the number of anterior 
incision wound healing complications with the 
use of the aperture pad. Elliott and Roukis con-
cluded that the dressing they used represented a 
simple, reproducible, easy to apply and inexpen-
sive way to avoid postoperative edema and ante-
rior incision wound healing complications.

Periprosthetic joint infection (PJI) after TAA 
is a serious complication that frequently requires 
removal to resolve the infection. In 2018, Althoff 
et al. attempted to determine the patient-related 
risk factors of PJI following TAA.  A national 
insurance database was queried for patients 
undergoing TAA using the Current Procedural 
Terminology and International Classification of 
Diseases, ninth revision, procedure codes from 
2005 to 2012 [15]. A multivariate binomial logis-

tic regression analysis was performed to assess 
the patient-related risk factors for PJI. A total of 
6977 patients were included in the study. Of these 
6977 patients, 294 (4%) had a diagnosis of PJI or 
had been subjected to a procedure for it. The 
independent risk factors for PJI included 
age < 65 years, BMI <19, BMI >30, tobacco use, 
diabetes mellitus, inflammatory arthritis, periph-
eral vascular disease, chronic lung disease, and 
hypothyroidism.

Sansosti et al. studied the effect of obesity on 
TAA [16]. They performed a review of electronic 
databases with the inclusion criteria of retrospec-
tive case series, retrospective clinical cohort anal-
yses, and prospective clinical trials with ≥15 
total patients, a mean follow-up period of 
≥12  months, ≥1 defined cohort with a BMI of 
≥30, and a reported incidence rate of complica-
tions requiring revisional surgery at the final fol-
low-up point. Four studies met the inclusion 
criteria, where a total of 400 prostheses were ana-
lyzed. Of these, ≥71 (17.8%) developed a com-
plication needing a revisional surgical procedure. 
The most frequently reported surgeries were revi-
sion of the metallic components and ankle gutter 
debridement.

In 2018, Gramlich et  al. reported that TAA 
leads to high revision rates in posttraumatic end-
stage osteoarthritis [17]. In a 6-year period 
(2008–2013), 74 patients with posttraumatic 
osteoarthritis were treated using TAA with a 
Tornier Salto prosthesis, and 60 (35 men and 25 
women; mean age 56) were followed-up (mean: 
59  months; range 24–91  months). The revision 
rate after TAA was 42% (n = 25), amounting to 
8% after 12  months and 18% after 24  months. 
Twenty percent of the patients had symptomatic 
periprosthetic bone cysts, 5% had impingement, 
3% had soft tissue infections, and in 14% of the 
cases revision was caused by other factors. The 
most frequently performed procedures were cyst 
debridement and autologous spongy bone graft-
ing (20%). Fifteen percent (n = 9) of the prosthet-
ics were explanted or switched to a tibiotalar 
fusion. The main conclusion was that TAA in 
patients with posttraumatic end-stage arthrosis is 
associated with high revision rates. High rates of 
symptomatic periprosthetic bone cysts caused 
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high rates of revision surgery and poorer results, 
which were not ameliorated by secondary TAA.

In a case series (level IV of evidence), Cody 
et al. found an increased early revision rate with 
the two-component Infinity TAA [18]. They ana-
lyzed 159 ankles with a mean 20 months of fol-
low-up (range, 12–37). All surgeries were 
performed by one of two orthopedic foot and 
ankle surgeons with extensive experience in 
TAA.  The primary outcome was the need for 
revision surgery, defined as removal of one or 
both metal components. Periimplant lucency at 
the most recent follow-up was a secondary out-
come. Weight-bearing radiographs at the most 
recent follow-up were graded for lucency inde-
pendently by two reviewers. Sixteen (10%) 
ankles went through revision at a mean 13 months 
postoperatively. The most frequent reasons for 
revision were symptomatic tibial component 
loosening and deep infection (6 patients each, 
3.8%). Of the 108 ankles with retained compo-
nents and at least 1 year of radiographic follow-
up, 8 (7.4%) had global lucency around the tibial 
component suggestive of loosening at the most 
recent follow-up. This study on patients experi-
encing TAA with the two-component Infinity 
prosthesis showed an elevated early revision rate 
due to tibial component loosening compared with 
other implant systems.

In a 17-year (2002–2018) comparative study 
(level III of evidence), Currier et al. analyzed 70 
failed TAA components (7 designs, including 5 
currently marketed designs) that required revi-
sion [19]. The implants were retrieved most com-
monly due to loosening and polyethylene 
fracture. Loosening happened more often in 
fixed-bearing designs (n = 18) than in the mobile-
bearing designs (n = 4) and after shorter in vivo 
time (mean in vivo time to retrieval for loosening: 
fixed bearing 3.2 years, mobile bearing 9.7 years). 
Gamma-sterilized ankle inserts oxidized at a 
higher rate than nongamma (EtO or gas-plasma) 
sterilized ankle inserts (gamma 0.29/year, non-
gamma 0.07/year). The presence of clinical 
fatigue (cracking and/or delamination) of the 
polyethylene insert correlated with measured 
oxidation. Nine inserts, all gamma-sterilized, 
fractured in vivo. This report suggested that loos-

ening could be more of a problem in fixed-bearing 
deigns than in mobile-bearing designs. Gamma-
sterilized polyethylene inserts were found to suf-
fer fatigue damage or fracture in vivo, resulting 
in the need for revision. Figure  13.5 shows the 
intraoperative view of a RTAA case. Note the 
existence of marked metallosis and great loss of 
bone stock before performing debridement and 
cleaning of debris.

In a retrospective cohort study (level III of evi-
dence), Cody et  al. studied the risk factors for 
failure of TAA with a minimum 5 years of fol-
low-up. They analyzed 533 ankles with a mean 7 
(range, 5–11) years of follow-up. Four implants 
were used: INBONE I, INBONE II, STAR, and 
Salto-Talaris [20]. Thirty-four ankles (6.4%) 
were revised or removed a mean 4 (range, 1–9) 
years postoperatively. The only independent pre-
dictors of failure were the INBONE I prosthesis 

Fig. 13.5  Intraoperative image of prosthetic revision sur-
gery of the ankle showing intense metallosis and great 
loss of bone stock before debridement and debris 
cleansing
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and ipsilateral hindfoot fusion. Age, BMI, and 
the amount of deformity were not associated with 
higher failure rates. Only patients with ipsilateral 
hindfoot fusion or who received the INBONE I 
prosthesis were at a higher risk of implant failure. 
Table  13.3 summarizes the main risk factors 
(causes) for RTAA.

13.4	 �Conclusions

The reported rates of revision after TAA range 
from approximately 2.5% to around 15%. The 
primary modes of failure are loose talar compo-
nent, loose tibial component, dislocation, instabil-
ity, misalignment, deep infection, fracture (near 
implant), pain, and defective polyethylene. The 
main risk factors for RTAA are inadequate patient 
selection, poor surgeon experience, obesity (BMI 
>30), posttraumatic and end-stage osteoarthritis, 
poor restoration of bone stock, inadequate pros-
thetic device selection (poor implant features), 
inadequate control of risk factors for PJI 
(age < 65 years, BMI <19, BMI >30, tobacco use, 
diabetes mellitus, inflammatory arthritis, periph-
eral vascular disease, chronic lung disease, hypo-
thyroidism, previous ankle surgery, wound 
healing problems more than 14  days postopera-
tively, and ipsilateral hindfoot fusion.
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Revision Total Ankle Arthroplasty: 
Surgical Technique

Inmaculada Moracia-Ochagavía, 
Fernando Noriega-Díaz, 
and E. Carlos Rodríguez-Merchán

14.1	 �Introduction

The number of ankle prostheses performed annu-
ally continues to increase due to significant 
improvements in patient function and satisfac-
tion, significant pain relief, and the preservation 
of hindfoot mobility. On the other hand, the rate 
of ankle arthrodesis remains stable. This increase 
in the number of implanted primary prostheses 
has led to an increase in revision rates for ankle 
prostheses. Review rates can vary between 8.4% 
and 17% in large series with long follow-up peri-
ods [1–4] (Fig. 14.1).

Lachman et al. [5] have published failure rates 
in their series of 10% prosthetic revisions, which 
are comparable to previously reported failure 
rates in primary ankle prostheses and tibiotalar 
arthrodeses [6, 7]. In addition, tibiotalar arthrod-
esis with allograft block, which was considered 
the gold standard, frequently engenders compli-
cations and reoperations, and the patient is often 
not satisfied with the intervention. The rate of 
reoperation after arthrodesis can reach up to 41% 
often due to the development of osteoarthritis in 
adjacent joints [8, 9].

The main challenges in rescuing an ankle 
prosthesis that has failed include finding the right 
prosthesis for the revision, exhaustively planning 
the management of bone defects and underlying 
infection, and the possible concomitant proce-
dures necessary to achieve good alignment and 
stability of the ankle prosthetic components.

14.2	 �Indications 
and Contraindications

The main indications for revision of an ankle 
prosthesis include loosening and sinking of the 
talus component. According to Myerson et  al. 
[10], there are no limits regarding the extent of 
the collapse or loss of bone stock in the talus, 
given that nothing prevents the use of a revision 
system, particularly when a flat cut can be made 
in the talus. Previously, a significant loss of bone 
stock in the talus was a contraindication for pros-
thetic revision. As we will see in this chapter, 
however, arthrodesis can be avoided using a large 
structural graft or certain prosthetic models.

Some authors consider the presence of recent 
or ongoing infection as a contraindication. 
However, it is possible to perform a rescue and 
implant a new prosthesis following proper guide-
lines and planning. The presence of chronic pain 
or a damaged soft tissue envelope with excessive 
scarring or previous healing problems can be 
contraindications.
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14.3	 �Ankle Prosthesis Revision 
for Aseptic Loosening 
With or Without Sinking 
of the Components

In an ankle prosthesis, the force that supports the 
bone is at least three times greater than under 
normal conditions. For this reason, the fixation of 
the metallic components must ensure appropriate 
stability during physical activities and must also 
prevent sinking.

In the aseptic loosening of the tibial compo-
nent, the cortex of the tibial metaphysis becomes 
sclera, and in the center the spongy bone mass 
decreases or bone cysts form. In contrast, when 
loosening of the talus component occurs, it can 
increase sclerosis in the anterior and posterior 
part of the talus, resulting in the formation of 
cysts in these locations.

We have also frequently observed that those 
patients who present loosening with prosthetic 
sinking have vitamin D levels well below normal 
limits. Future studies will be necessary to observe 
whether there is a cause-effect relationship; for 
now, the authors recommend always making a 

determination of vitamin D levels before revision 
surgery and supplementing with vitamin D when 
necessary [11, 12].

When an ankle prosthesis revision surgery is 
indicated, several problems must be addressed 
(Fig. 14.2). To determine its importance, we must 
perform a thorough physical and radiological 
examination. It is necessary to evaluate the coronal 
alignment of the leg and hindfoot; for this, we 
must observe how the patient walks, observing the 
patient from behind; and also evaluate the align-
ment while standing, statically, on a podoscope (to 
detect misalignment in the varus or valgus, or pro-
nation or supination of the midfoot). Regarding 
sagittal misalignment, equine contracture can be 
related to a shortening of the gastrocnemius mus-
cles or the Achilles tendon, which plays an impor-
tant role in the correction of the hindfoot.

To evaluate the radiographic evolution, we 
need to obtain an X-ray of lateral and anteropos-
terior loading of the ankle and foot before the 
surgery, and a hindfoot projection (Saltzman 
view). Occasionally, a lower limb standing radio-
graph might be necessary to assess varus or val-
gus deformities of the shaft or tibial metaphysis.

a b

Fig. 14.1  (a) Anteroposterior radiograph showing loos-
ening of a Ramses model prosthesis. (b) A replacement 
was performed by Agility prosthesis. It is one of the first 
revision surgeries performed by the authors. Since no cur-
rent revision components were available at the time, an 

Agility prosthesis was implanted with good functional 
results. To date, no new revision has been necessary. In 
addition, the arthrodesis of tibiofibular syndesmosis was 
indicated with this model

I. Moracia-Ochagavía et al.



153

A computed tomography (CT) scan allows us 
to determine the extent of bone destruction 
(Fig.  14.3) and to anticipate the need for bone 
grafts, custom-made ankle prostheses, or prosthe-
ses with diaphyseal anchor tibial stems (such as 

the INBONE total ankle replacement system), or 
talar support plates (such as the INVISION total 
ankle replacement system. Modalities such as 
single-photon emission CT and fluorodeoxyglu-
cose positron emission CT can identify pathologi-
cal situations around the prosthetic components.

Hintermann et al. use an algorithm based on the 
size of the bone defect in the tibia and the talus to 
plan revision surgeries [13]. However, this approach 
only appears applicable in the case of using the 
Hintegra prosthesis and its revision components.

These algorithms are not used in our usual 
practice. We support other prosthetic models that 
allow bone defects to be resolved based on stabil-
ity and diaphyseal support in the case of the tibia 
or the use of talar plateaus of various sizes that 
recover a flat surface and with cortical support on 
which to implant the talar dome.

14.4	 �Technique for Removing 
an Ankle Prosthesis

Some essential first steps should be taken to reach 
the prosthetic implants that have failed.

•	 With the patient in the supine position, make 
an incision incorporating the previous anterior 
incision in the midline.

Problems to be
addressed

TAA revision
surgery

Loss of bone
stock

Previous surgery,
resection or
osteolysis

Soft-tissue
Fixed hindfoot
deformities and

contractures

Poor bone
quality

Imbalance-
malalignment

- Medial/lateral
   ligaments
- Osteotomies/
      hindfoot
   arthrodesis

Fig. 14.2  Problems to be addressed when a revision total ankle arthroplasty (RTAA) is indicated. TAA total ankle 
arthroplasty

Fig. 14.3  Computed tomography (CT) scan axial cut 
showing extensive osteolysis and poor bone quality 
around the tibial stem of the talus component

14  Revision Total Ankle Arthroplasty: Surgical Technique



154

•	 Identify and protect the dorsal medial cutane-
ous branch of the superficial peroneal nerve, 
which falls superficially to the extensor reti-
naculum and can be surrounded by scar tissue. 
The surgeon should keep in mind that fibrous 
and scar tissue can prevent proper bone prepa-
ration, while increasing the risk of neurovas-
cular injury.

•	 Identify the extensor reticulum and section it 
longitudinally to the neck of the talus. We use 
a Vicryl 1 suture to mark and identify both 
flaps of the retinaculum, and repair it. Next, 
the interval between the tibialis anterior ten-
don and the extensor hallucis longus should be 
deepened, protecting the neurovascular 
bundle.

•	 Limit as far as possible the placement of 
aggressive separators to prevent complica-
tions in the healing of soft tissues.

•	 Once the tibia is exposed, insert the capsule 
over the ankle joint and place a medial and lat-
eral Hoffman-type separator.

•	 Extract the loosened prosthetic components. 
First, extract the polyethylene. Sometimes, 
according to the prosthetic model, specific 
instruments can be used for their extraction; 
however, if the models are older, acquiring 
these instruments is not always possible. In 
those cases, the polyethylene must be sec-
tioned in its middle and extracted in parts. 
Another possibility is to drill the polyethylene 
on both sides, thus loosening it for its extrac-
tion. With respect to the tibial and talar com-
ponents, they are often loosened and easily 
removed. If there are areas with good bone 
anchoring, the use of small chisels can be 
helpful to detach the implant, preserving as 
much bone as possible.

•	 The medial and lateral droplets should be 
debrided exhaustively, and the posterior cap-
sule should be resected, avoiding the neuro-
vascular structures in the posteromedial area.

When we have the bony surfaces free of pros-
thetic implants, we can focus on each specific 
area: tibia and talus.

14.5	 �Aseptic Loosening 
of the Tibial Component

One of the major surgical concerns is the bone 
stock that can remain after the extraction of the 
prosthesis. Some causes for this loss of bone 
stock include an excessive resection in the pri-
mary intervention, loosening and sinking of the 
component, osteolysis, cyst formation, and bone 
loss during extraction and infection. It is essential 
to observe bone surfaces with good bleeding after 
removing the prosthesis and to perform a thor-
ough debridement of the fibrosis.

Before beginning the surgical technique for 
the prosthesis to be implanted, we attempt to get 
flat and parallel surfaces to the ground, making 
cuts with a saw guided by fluoroscopy (Fig. 14.4). 
If the prosthesis to be implanted is not a revision, 
it is very important to keep the anterior and pos-
terior cortex as undamaged as possible, given the 
tibial plate will rest on that tibial cortical ring. 

Fig. 14.4  Intraoperative fluoroscopy image after making 
tibial and talar cuts parallel to each other and parallel to 
the ground plane before placing the cutting templates of a 
particular prosthetic model

I. Moracia-Ochagavía et al.
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However, if the quality of the distal metaphyseal 
cortices is poor, it is useful to opt for a prosthesis 
with a tibial stem, which can have a variety of 
lengths (INBONE II prosthesis) and achieve 
greater diaphyseal support, without completely 
depending on the distal tibial cortex.

We consider from the outset that the implant 
support on the distal tibial cortices of our patients 
will be insufficient, and a greater diaphyseal sup-
port will always be necessary to achieve a satis-
factory stability and to decrease the risk of 
subsidence of the tibial component (Fig. 14.5).

If there are important cysts or bone defects, 
they should first be debrided and curetted until 
the healthy subchondral bone is visible. 
Afterward, the cysts should be filled with a can-
cellous bone autograft of the proximal tibia and/
or of the ipsilateral iliac crest. The additional use 
of cement can secure the prosthetic anchor and 
provide good results. Opt for an allograft only in 
cases needing large amounts of bone graft, which 
is unlikely, given that a sufficient autograft is 
typically obtained (which also has better charac-
teristics for osteointegration). It is important to 
compact it well to prevent early resorption.

In case of a longitudinal bone defect, to restore 
the height of the joint line, thicker revision tibial 
components can be used, such as the Hintegra 
prosthetic system with 8 mm and 12 mm tibial 
components, or the INVISION prosthetic system 
that adds +4 mm or + 8 mm at the usual height of 
the INBONE II tibial component (Fig. 14.6).

There is also the possibility of using a struc-
tural autograft of the iliac, bicortical, or tricorti-
cal crest, in case of defects in the cortical ring of 
the distal tibia. Osteosynthesis is performed of 
the autograft to the rest of the intact tibia, while 
predicting the position of the definitive implants.

If there is a collapse of the tibial component, 
its depth must be estimated and any potential 
misalignment corrected. As we have previously 
noted, parallel tibial bone cuts to the healthy area 
can be performed, using spongy or structural 
autografts or using specific cutting templates of 
the prosthesis to be implanted.

If the tibial resection to be performed is very 
proximal and leaves a small bridge between the 
medial corner of the tibia and the tibial malleolus, 
it can lead to intraoperative fracture and instabil-
ity of the revision prosthesis. In these cases, a pre-
fixation of the malleolus with K-wires or screws is 
performed. As we will see in the next chapter, 
tibial malleolus fractures are low-grade complica-
tions and do not influence the prognosis of the 
prosthesis. If the tibial resection reaches the level 
of the syndesmosis, it is necessary to perform an 
arthrodesis of the tibiofibular syndesmosis with 
two cortical screws of 3.5 mm compression.

Fig. 14.5  Anteroposterior radiograph showing INBONE 
II prosthesis with modular tibial stem, implanted after 
prosthetic revision due to loosening of the tibial and talar 
components. It was not necessary to use revision compo-
nents. Note also the osteosynthesis that was performed in 
an intraoperative tibial malleolus fracture
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14.6	 �Aseptic Loosening 
of the Talar Component

When there is a loosening of the talar component 
it is important to evaluate the degree of subsid-
ence of the component and the size of the bony 
cysts. For this purpose, the classification 
described by Ellington et al. can be useful [14].

Based on our experience, there are currently 
several options for loosening, with or without 
sinking of the felling component:

•	 In grade 1, fill bone cysts with impacted can-
cellous autograft and use a talar component 
with a flat bottom surface, such as the Hintegra 
prosthetic system, the Salto-Talaris XT revi-
sion prosthesis, or the INBONE II system 
with a central stem and two anterior pegs is 
recommended (Fig. 14.7).

•	 In grade 2 and especially in grade 3, we recom-
mend a novel prosthetic system known as 
INVISION (Wright Medical Technologies, 
Inc., Arlington, TN, USA). In this system, there 
is the possibility of an asymmetrical talar dish 
of five different sizes as well as the possibility 
of adding +3 mm of thickness. This system is 

a bFig. 14.7  (a) 
Loosening of the talar 
and tibial components, 
without sinking or loss 
of bone stock. (b) 
Prosthetic revision was 
performed with a 
Salto-Talaris prosthesis. 
It was not necessary to 
use the revision 
components, given there 
was no lack of bone 
stock

Fig. 14.6  Intraoperative image in which a large polyeth-
ylene insert is observed to restore the height of the joint 
line. The talar component rests on the platform of the 
INVISION revision system
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designed to maximize the cortical coverage of 
the talus. In addition to gaining stability, it has 
perimeter holes for 2.7-mm and 3.5-mm screws 
blocked and not blocked (Fig. 14.8).

One of the most important steps in revision 
surgery is to fill bone defects or cysts with auto-
graft to provide a dense bone stock for the 
implantation of the prosthetic component. There 
are also prosthetic systems (INVISION) that 
have two types of increases available (central and 
oblong), with five different diameters. If bone 
defects persist in the talus, an increase of this 
type to the talus plate can be added to fill them.

In patients with obesity, patients with symp-
tomatic arthritis in the subtalar joint, and patients 
with subtalar grade 3 subsidence, it is advisable 
to perform subtalar arthrodesis.

Sometimes it is necessary to place a distractor 
(Fig. 14.9) in the medial area of the ankle to help 
obtain a neutral alignment and balance the liga-
mentous tension. The release of collateral liga-
ments, however, is rare.

14.7	 �Septic Loosening of Total 
Ankle Prosthesis

Deep periprosthetic infections can be classified 
into acute (less than 4 weeks after the interven-
tion) or chronic/late (after 4–6  weeks). When 

we suspect a deep infection, the first step is to 
perform an arthrocentesis using a sterile tech-
nique. The fluid will be sent for gram stain and 

a b

Fig. 14.8  (a) The image shows loosening and sinking of 
the INBONE II component together with subtalar arthrod-
esis. (b) A prosthetic revision was performed with the 
INVISION revision system. This system consists of a 

talar platform with screws up to the calcaneus to give 
greater stability, and a metal supplement to fill the bone 
defect of the talus after having extracted the loosened 
component. A higher polyethylene was also added

Fig. 14.9  Placement of a femoral distractor in the medial 
area of the ankle to access the joint space. It can be used 
in primary ankle prosthetic surgery or revision surgery
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cultures of aerobes, anaerobes, acid-resistant 
stain, and fungi.

Afterward, antibiotic treatment can be 
started if the symptoms worsen in the interval 
between the clinical evaluation and the defini-
tive treatment. This empirical treatment should 
cover the skin flora and Gram-negative organ-
isms. If there is a history of colonization by 
methicillin-resistant Staphylococcus aureus 
(MRSA), it should be treated with antibiotics 
that cover MRSA.

Laboratory markers include the erythrocyte 
sedimentation rate (ESR), C-reactive protein 
(CRP), and a complete blood count. Procalcitonin 
has only been shown to be useful for finding hid-
den sepsis in intensive care patients.

The radiographic evaluation should include 
the following:

•	 X-rays: In these, periprosthetic radiolucen-
cies, loosening, or collapse of the components 
can be observed, although by themselves they 
are not diagnostic of infection. If liquid levels 
or gases in the soft tissues accompanied by 
systemic signs of infection are observed, a 
deep infection is suggested, which is a surgi-
cal emergency.

•	 Magnetic resonance imaging (MRI) can be 
useful in late infections (abscesses), but only 
after administering gadolinium.

•	 (99  m) Tc-ciprofloxacin: Does not allow 
differentiation of infection from aseptic 
loosening [15].

•	 Indium-111/Tc99m dual window scan: 
Maximizes the accuracy and specificity of the 
image [16].

In case of acute infection with susceptible 
organisms and well-anchored components, only 
a polyethylene replacement can be performed. 
On the other hand, if there is intraarticular pus 
in the acute phase or if the infection is detected 
after 6  weeks, the implants must be removed 
and the bone surfaces and devitalized soft tis-
sues debrided. Then, a cement spacer with anti-
biotics should be placed. Bibbo et al., in 2005, 
used a negative pressure therapy in the wound 
with direct instillation of antiseptics such as 

sodium hypochlorite (Dakin’s solution); thus, 
they subsequently found a decrease in the num-
ber of debridements to be performed [17]. The 
implants must be sent for a direct culture. If 
the  cultures of the tissues and fluids are nega-
tive, a bacterial 16 s CRP and sonication of the 
removed components should be requested. 
Sonication removes biofilms and uncovers hid-
den pathogens [18].

Intravenous antibiotic treatment will be deter-
mined by the results of the sample cultures taken 
intraoperatively. The treatment should last at 
least 6–8 weeks, and a determination of ESR and 
CRP should be made every 2 weeks.

We can consider the placement of a new pros-
thesis if:

•	 The patient has undergone at least 6–8 weeks 
of specific antibiotic treatment according to 
the cultures.

•	 Laboratory markers have normalized.
•	 Any residual infection has been ruled out by 

both an Indium-111/Tc-99  m dual window 
scan as with the cultures and a 16 s CRP of the 
bone and soft tissue biopsy.

•	 There is an adequate residual bone stock of 
good quality.

We consider that the INBONE II and 
INVISION prosthetic systems are a satisfactory 
choice in cases of bone loss. There is controversy 
in relation to whether the implants should be 
cemented. On one hand, from a microbiological 
point of view, some benefits of cement can be 
derived from antibiotics. However, more than one 
antibiotic would be needed in the cement, which 
would decrease its mechanical characteristics. 
Also, if there is a new prosthetic failure, the 
extraction would be more complicated (increas-
ing the loss of bone that remains adhered to said 
cement). Thus, we are in favor of not cementing 
the implants.

Certain circumstances prohibit in some way 
the placement of a new prosthesis after a deep 
prosthetic infection: for example, a patient with 
poor general condition, organisms with high 
multiresistant virulence, massive bone loss, or an 
unstable soft tissue envelope.
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14.8	 �Additional Surgeries 
in Ankle Prosthesis  
Revision Surgery

As already mentioned, during the physical exam-
ination it is important to note problems of 
malalignment and instability of the ankle and 
foot. At other times, during the surgical proce-
dure, once the prosthesis is implanted, these 
problems manifest themselves more clearly. In 
any case, the malalignment and instability must 
be resolved at the same surgical time as the pros-
thetic revision. Any residual deformity in the 
hindfoot has a negative impact on the mechanics 
of the ankle and will lead to early failure of the 
implanted prosthesis.

A misalignment in the varus or valgus of less 
than 10° can be easily compensated by adjusting 
the tibial cuts. Major deformities should be cor-
rected by supramalleolar osteotomies (wedge 
closure or opening). In these cases, we prefer an 
oblique opening osteotomy with the use of iliac 
crest autograft. Generally, it is attempted in a 
single procedure; in revision surgeries, however, 
each case must be individualized by assessing the 
difficulty or the surgical time of the revision itself 
as well as considering the individual characteris-
tics of the patient.

There are cases with medial insufficiency of 
the tibial malleolus, hypoplasia, or progressive 
atrophy in a very pronounced varus. For these 
patients, performing a longitudinal osteotomy of 
the tibial malleolus would be indicated to lower 
it, recreating an adequate medial slide and 
improving stability (Fig. 14.5).

If the problem lies in the hindfoot, a lateraliza-
tion osteotomy or medialization must be per-
formed, depending on whether it is a varus or 
valgus. The midfoot or the forefoot should not be 
forgotten, given they also play an important role 
in the success of revision prostheses. Any defor-
mity must be resolved, either with arthrodesis of 
certain joints or with osteotomies in those rare 
cases in which the joint does not present degen-
erative changes. If it is an ankle in valgus with 
medial instability due to insufficiency of the del-
toid ligament, it must be reconstructed with a 
semitendinosus autograft plasty, performing a 

tunnel in the tibial malleolus to anchor it to two 
points in the talus.

In cases of prosthetic revision, the subtalar 
joint is usually painful and there are degenerative 
changes, for which a subtalar arthrodesis will 
need to be added that will also correct alignment 
defects in the hindfoot. We recommend in these 
cases to respect the vascularization of the interos-
seous ligament when performing joint debride-
ment. Damage to the interosseous ligament can 
result in ischemia of the talus and promote sink-
ing of the talus component (Fig. 14.8b).

After the implantation of the revision prosthe-
sis or the performance of an osteotomy, instabil-
ity of the lateral ligament complex can sometimes 
occur. In that case, it must be reconstructed in the 
same intervention. To this end, an anatomical 
reconstruction of the anterior talofibular and talo-
calcaneal ligament must be performed with a 
semitendinosus plasty obtained from the patient. 
Thus, we ensure the lateral stability of the ankle 
and provide healthy tissue for the reconstruction 
of the ligaments.

14.9	 �Postoperative Treatment

Immediate postoperative treatment is also part of 
the surgical process, which begins from the 
moment we initiate the closure of the wound 
[19]. Usually during primary prosthetic surgery 
or ankle revision there is no significant blood 
loss; however, we have adopted a protocol for the 
prevention of blood loss in knee prostheses that 
has been shown to reduce bleeding and hospital 
stay after the intervention [20].

This protocol consists of the following:

•	 Two intravenous doses of tranexamic acid 
(15 mg/kg in 100 mL of 0.9% saline): the first 
before releasing the tourniquet and the second 
3 h after the surgery.

•	 Pneumatic turnstile with a pressure of 
100 mmHg above the systolic pressure.

•	 A 10-mm drain without vacuum (it will open 
2 h after the intervention).

•	 Intra-articular infiltration with the following 
solution: 80  cc of saline with 0.3  mg of 

14  Revision Total Ankle Arthroplasty: Surgical Technique



160

adrenaline, 10  mg of morphine chloride, 
100  mg of tobramycin, 6  mg of betametha-
sone sodium phosphate, 6 mg of betametha-
sone acetate, 200 mg of ropivacaine (30 cc in 
posterior capsule before prosthetic implanta-
tion, and 50 cc in synovium, anterior capsule, 
and subcutaneous tissues after implantation).

Close the extensor retinaculum with loose 
Vicryl 2/0 stitches and the skin with an Allgöwer–
Donati suture with 3/0 nylon, always maintaining 
the ankle in neutral dorsiflexion. Each wound 
should be covered with a Linitul-impregnated 
dressing and a compression bandage applied, fol-
lowing the guidelines of Hsu et al. [21]. A double 
posterior and U-shaped splint should be placed 
on the compression bandage. At 48  h, the first 
postsurgical treatment should be performed, 
removing the drainage and again applying the 
same type of compression bandage and placing a 
double splint.

For the first 15 days, the patient must rest in a 
bed and armchair, with the operated lower limb 
raised to the level of the heart, drink at least 2–3 L 
of fluid per day, and perform lower limb mobili-
zation exercises as indicated by the rehabilitation 
team (physiotherapy).

After 2–3  weeks, a new treatment of the 
wound is performed and the stitches are removed. 
A Cam-Walker orthopedic boot can be placed, 
but without loading on the operated foot. The 
patient is able to move small distances with the 
use of crutches. The boot can be removed 2–3 
times a day to perform ankle mobilization exer-
cises. Partial loading can occur from 6–8 weeks if 
the radiological tests show that everything is 
correct.

14.10	 �Conclusions

The surgical technique of prosthetic revision first 
requires very careful planning, from the selection 
of the right candidate to the complementary sur-
geries that must be performed so that the results 
are satisfactory and durable. The most important 
aspect that concerns specialists is the deficit and 
bone quality observed in imaging tests on which 

we rely after the removal of the implants. In the 
prosthetic revision of the ankle, the use of a 
spongy autograft is practically a norm (to fill 
defects and cysts making an exhaustive impac-
tion), using a structural autograft for larger 
defects. We also consider cement a good option. 
The new prosthetic designs have prompted revi-
sions that a few years ago were destined for an 
arthrodesis. Tibial revision components with 
modular stems or talar platforms of various sizes 
and shapes, or even with supplements, safely 
support the talar dome. In those patients with 
septic loosening, it is also possible to perform a 
prosthetic revision in two stages, following the 
premises used in cases of prosthetic knee or hip 
infection. A fundamental part of most prostheses’ 
long-term success are the additional surgeries. 
Lengthening the Achilles tendon, calcaneal oste-
otomies, proximal tibia, and ligamentoplasties 
are mandatory maneuvers for the correct func-
tioning, stability, and alignment of the prosthesis. 
Multimodal postoperative treatment is also 
essential. Care of the soft tissues and a decrease 
in swelling and postoperative bleeding help make 
the postoperative evolution more satisfactory for 
the patient and also shorten the hospital stay.
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Revision Total Ankle Arthroplasty: 
Complications and Results

Inmaculada Moracia-Ochagavía 
and E. Carlos Rodríguez-Merchán

15.1	 �Introduction

Current literature on the procedure of revision 
total ankle arthroplasty (RTAA) is scarce, and it 
is even scarcer in relation to the complications 
derived from this intervention. As described in 
the previous chapter, the revision of an ankle 
prosthesis is a demanding procedure that requires 
thorough presurgical planning that foresees all 
the possible complications and thus avoids them 
or is prepared to resolve them. Both foreseeable 
and other complications can arise unexpectedly, 
either intraoperatively or in the immediate post-
operative period. In this chapter we review the 
main complications and results of RTAA.

15.2	 �Complications of Revision 
Total Ankle Arthroplasty

During the 1990s, the De Puy Agility prosthesis 
(Warsaw, IN, USA) was the most commonly 
implanted total ankle arthroplasty in the United 
States, the only one approved by the Food and 
Drug Administration (FDA). Williams et al. have 

reported a complication rate of 31.4% in their ret-
rospective review of perioperative complications 
during the review of the Agility prostheses and 
their replacement by the INBONE II system 
(Wright Medical Technology, Memphis, TN, 
USA) [1]. These authors affirmed that the post-
operative complications observed in their series 
were not specific to revision surgery of the ankle 
prostheses (Table 15.1).

Occasionally, isolated cases of vascular 
lesions have been reported, such as iatrogenic 
arteriovenous fistulas or pseudoaneurysms of the 
posterior tibial artery [2]. Although they are not 
frequent complications in prosthetic ankle 
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Table 15.1  Complications of revision total ankle arthro-
plasty (RTAA)

Intraoperative 
complications

Acute 
perioperative 
complications

Late postoperative 
complications

Malleolar 
fracture (medial 
or lateral)

Prosthetic 
dislocation

Loosening and 
subsidence of talar 
or tibial 
component

Distal tibial 
shaft fracture

Wound 
dehiscence

Pain

Tibialis 
posterior nerve 
compression

Joint stiffness 
(arthrofibrosis)

Neuroma of 
deep peroneal 
nerve

Chronic infection

Malleolar 
nonunion
Acute infection
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replacement, their probability is increased in 
revisions due to the exhaustive debridement and 
the alteration in the habitual anatomy.

Glazebrook et al. have proposed a classifica-
tion that categorically divides complications of 
prosthetic ankle surgery into low, medium, and 
high grade [3]. Low-grade complications are 
very unlikely to lead to implant failure (0%), 
medium-grade complications lead to revision in 
17%–45% of cases, and high-grade complica-
tions cause implant failure in 69%–81%. 
However, Gadd et al. later proposed a simplifica-
tion of this classification. When they applied the 
Glazebrook classification to their series of ankle 
prostheses they observed that, except for intraop-
erative fractures and wound dehiscence, the 
remaining complications had an incidence of 
prosthetic failure greater than 50% [4]. Therefore, 
Gadd et al. proposed only two grades: low grade 
(intraoperative fractures and wound dehiscence) 
and high grade (the remaining complications).

Roukis and Simonson observed a complica-
tion rate of 25% (8 patients) in a series of 32 
patients with the Agility or Agility LP ankle pros-
thesis in which a revision was performed [5]. 
Most (87.5%) were classified as low grade. The 
remaining complications (12.5%) were unclassi-
fiable and were related to unsolved neuropathic 
symptoms. There were no complications consid-
ered high grade in this series. It is also worth not-
ing in this series that 75% of the complications 
occurred in the initial phase of the learning curve 
whereas only 25% (minor healing problems) 
arose in the final phases of the learning curve. 
Roukis and Simmonson concluded that, when 
comparing these results with the complications 
of the Agility or Agility LP primary prosthesis, 
the revision of this specific ankle prosthesis sys-
tem during the surgeon’s learning period can be 
carried out safely when performed by a foot and 
ankle specialist [5].

15.2.1	 �Low-Grade Complications

15.2.1.1	 �Intraoperative Bone 
Fractures

In general, this is a relatively common complica-
tion in prosthetic ankle surgery. In revision sur-

gery, the likelihood of fracture of the malleoli is 
notable due to the decrease in bone stock, osteo-
porosis due to disuse, or simply due to removing 
prosthetic implants or placing the new 
prosthesis.

Malleolar fractures (Fig.  15.1) are more fre-
quent than fractures of the tibial diaphysis. The 
postoperative evolution of cases in which there 
has been a fracture of the tibial malleolus or pero-
neus, as well as in the distal tibia, is similar to 
those patients who have not had intraoperative 
fractures [1].

In a retrospective review, Cody et al. observed 
up to 16 periprosthetic fractures, of which 3.5% 
required revision of the prosthesis or removal of the 
components [6]. In addition, patients with a bone 
mineral density low in the tibia, measured in 
Hounsfield units (HUs) in the preoperative CT, was 
strongly associated with a risk of periprosthetic 

Fig. 15.1  Intraoperative fracture of the tibial malleolus 
during revision total ankle arthroplasty (RTAA) with 
INBONE II prosthesis. Reduction and bone fixation were 
performed with two percutaneous K wires. Two months 
after the intervention, bone healing of the fracture can be 
observed with the presence of bone callus
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fractures. Therefore, they recommend that an inter-
nal prophylactic fixation of the tibial malleolus be 
performed in patients with less than 200 HU.

15.2.1.2	 �Problems with Surgical 
Wound Healing

An important risk factor is a poor previous condi-
tion of the soft parts in the anterior ankle area. We 
must assess previous scars and a history of wound 
dehiscence.

It is important to place an adequate compres-
sive bandage after the intervention to avoid edema 
and excessive scarring, as recommended in detail 
by Hsu et  al. in their article [7]. Roukis and 
Simonson recommend making a window over the 
anterior incision in the padding under the plaster, 
and then placing a Robert Jones compression ban-
dage and a molded posterior splint [5]. In this 
way, contact pressure on the anterior incision is 
limited and the Robert Jones bandage helps to 
reduce edema during the postoperative period.

Even with this approach and with intra- and 
postoperative precautions to avoid soft tissue 
contusion, wound dehiscence might occur in the 
first 2–3 weeks.

In most cases, the problem is superficial and is 
resolved with local wound cleaning and oral 
antibiotics. Those cases with a torpid evolution 
and deeper involvement might require plastic sur-
gery to create cover flaps.

15.2.2	 �High-Grade Complications

15.2.2.1	 �Acute or Chronic Deep 
Infection

Myerson et  al. did not find any deep prosthetic 
infection after the revision of the ankle prosthesis 
in their series [8]. This result is unlike the 3.2% 
rate of deep infections observed after implanting 
the Agility and Agility LP primary prosthesis or 
the 0.7% rate of profound infections diagnosed 
after implanting the Salto Talaris primary 
prosthesis.

In any case, Roukis and Simonson present 
great concern in this regard, and they recommend 
increasing efforts to minimize infection using the 
following protocol [5]:

•	 Minimize the traffic and the number of people 
in the operating room to the minimum.

•	 One week prior to surgery, the patient should 
perform a 5-min wash of the lower limb daily 
with 4% chlorhexidine gluconate.

•	 Validated surgical preparation:
–– Perform 3-min foot, ankle, and leg wash 

with sponges impregnated with chlorhexi-
dine gluconate 4%.

–– Paint with topical alcohol solution and 1% 
iodine (1 gr iodine/100 ml ethyl alcohol).

–– Cover the fingers with a waterproof 
barrier.

–– Intermittently repaint exposed skin with 
10% povidone iodine solution.

–– Irrigate the surgical site with a pulsatile 
washing system impregnated with 
50,000 IU of bacitracin solution.

–– Ensure a laminar flow system in the operat-
ing room without ultraviolet lights.

–– Ensure each member of the surgical team 
uses double surgical masks.

15.2.2.2	 �Prosthetic Dislocation
This complication is infrequent and requires sur-
gical intervention for replacement or reposition-
ing of poorly positioned prosthetic components. 
Alternatively, we can assess medial or lateral 
instability, which would require ligamentous 
rebalancing:

•	 Reconstruction of the lateral ligament com-
plex, performed in our case preferably with 
ipsilateral semitendinosus plasty.

•	 In the case of an insufficiency of the deltoid 
ligament, we opt for a hemitendon reconstruc-
tion of the posterior tibial tendon through a 
hole in the tibial malleolus or a descent oste-
otomy of the tibial malleolus (Fig. 15.2).

In some cases it is also necessary to realign the 
ankle, perform osteotomies on both malleoli, and 
place a thicker component [1].

15.2.2.3	 �Loosening and Sinking 
of the Talar Component

The main concern in the prosthetic revision of 
the ankle is ensuring a good anchoring of the 
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components on deficient bone stock. The flat 
components are able to accommodate the trans-
mission of forces at the bone-implant interface 
although the contact area is often sparse. Filling 
the defects with cancellous bone and bone matrix 
can help improve bone growth on the prosthetic 
components (Fig. 15.3).

Hinterman et  al. performed a retrospective 
review of patients undergoing prosthetic revision 
using the prosthetic components of the HINTEGRA 
model [9]. They observed that 15% of the 117 revi-
sion arthroplasties failed and needed surgical treat-
ment. In four (3.4%) patients there was a loosening 
of the tibial complement; in five (4.2%) patients 
there was a loosening of the talar component, and a 
loosening of both components occurred in two 
(2.3%) patients. The loosening rate of the compo-
nents was higher in those with isolated hydroxy-
apatite coverage than in those with double coverage, 
a statistically significant result.

Myerson et  al. evaluated 41 patients after a 
prosthetic revision with a mean follow-up of 
49.1  months. In their publication, the authors 
provide a system to classify the severity of pros-
thetic sinking from 1 to 3 and predict the results 
after the revision [8]:

•	 Grade 1: there is a minimum subsidence.
•	 Grade 2: the talar component has sunk into the 

talus but not to the subtalar joint.

•	 Grade 3: the talar component has migrated to 
the subtalar joint.

In this way, they observed that preoperative 
subtalar sinking was a significant predictor of the 
results after a revision.

15.3	 �Results

We recommend the INBONE II prosthetic design, 
given it offers a modular tibial component and 
provides a support for the prosthesis in the med-
ullary canal, adding greater stability. This support 
is crucial in cases of revision with substantial loss 
of bone on which stable fixation of the tibial 
component cannot be relied. In addition, this sys-
tem allows us to add additional tibial components 
depending on the amount of support needed and 
the bone quality of the distal tibia.

Another system to consider is the Invision 
Total Ankle Revision System. For a prosthetic 
revision of the ankle due to subsidence of the 
talus component with significant bone stock defi-
cit, the talar component of this revision system 
offers a flat implant in the form of a plate and 
fixation with screws on which to place the talar 
dome. There are plates of different sizes, thick-
nesses, and lengths, which support the talar dome 
on a flat surface and with good cortical support at 

a bFig. 15.2  Revision total 
ankle arthroplasty 
(RTAA) with medial 
instability. (a) A tibial 
malleolar descent 
osteotomy was 
performed to give 
stability to the 
prosthesis. (b) Note the 
descent of the tibial 
malleolus and the bone 
fixation performed with 
two 3.5-mm 
compression screws
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the periphery and an even distribution of forces 
throughout the loading surface (Fig. 15.4).

15.3.1	 �Range of Motion

In a series of patients published by Myerson 
et  al., data were presented regarding mobility 
after revision of the ankle prosthesis [8]. The 
range of motion increased 5°, from 18° preopera-
tively to 23° postoperatively. The improvement 
was in plantar flexion.

Hintermann et  al. observed in their series a 
small increase in the range of motion from the 
clinical point of view, from 28.5° in the preopera-
tive to 32.9° in the postoperative period [9]. 

Under fluoroscopy, the average range of motion 
of the ankle was 29.6°.

In a study by Hordyk et  al., a significant 
increase in the range of ankle movement of 15% 
and a reciprocal reduction in the range of midfoot 
mobility of approximately 30% were identified 
[10]. This result demonstrates that by improving 
the mobility of the ankle after revision of an 
ankle prosthesis, there is a reduction in the 
compensatory mobility of the midfoot that was 
required for walking.

Thus, increasing the range of mobility is not 
one of the main advantages of prosthetic ankle 
revision surgery. However, those few degrees 
gained, together with the stability of the 
implants and the decrease in pain, provide 

a

c

bFig. 15.3  Patient with a 
history of talar necrosis 
after fracture. Revision 
total ankle arthroplasty 
(RTAA) with INBONE 
II prosthetic system was 
performed. As an 
additional surgery, tibial 
malleolar descent 
osteotomy and calcaneal 
valgus osteotomy were 
performed. Note subtalar 
arthrodesis performed 
previously. The talar 
component is observed 
with inclination in dorsal 
flexion (a). 
Anteroposterior 
radiographic view taken 
3 months after RTAA 
(b). Lateral radiograph 
taken 9 months after 
RTAA. Note the 
loosening and sinking of 
the talar component with 
periprosthetic osteolysis 
(c)
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patients with significant clinical improvement 
and less risk of affectation of neighboring joints 
(Fig. 15.5).

15.3.2	 �Clinical Results

Myerson et al. presented a series of 41 patients for 
whom a prosthetic revision was performed [8]. Of 

these patients, after 50 months of follow-up, 34 
(82%) maintained the new implants, in 5 patients 
a rescue arthrodesis was necessary, and in 2 an 
amputation had to be performed. The patients pre-
sented improvements in their scores on the 
American Orthopedic Foot and Ankle Society 
(AOFAS) scale of 65 points, on the Short Form-
12 scale of 93.5 points, and a VAS score of 4.

Some 74% could rejoin their previous job, but 
only 44% could recover their previous level of 
activity. We conclude that the most important 
predictor of poor results, based on the AOFAS 
scale, is the degree of subsidence of the talus 
component in the preoperative period. Patients 
should be informed that although good or excel-
lent results can be obtained after an ankle pros-
thesis revision, less than half of the patients 
manage to reach their previous level of activity.

In the series by Hintermann et  al., of 117 
revised ankle prostheses, 93% (109) was success-
ful with a significant improvement in the AOFAS 
hindfoot scale due to a slight increase in ankle 
mobility as well as substantial improvements in 
both pain and function [9]. The clinical results 
and failure rates of this ankle revision series were 
comparable to those observed after primary ankle 
prostheses. The estimated survival of the compo-
nents was 83% at 9 years and was better in the 
components with double hydroxyapatite 
coverage.

It is also noteworthy that the correlation 
between bone stock deficit and the prevalence of 
prosthetic loosening was weak and not signifi-
cant. No significant differences were found 

Fig. 15.4  Revision total ankle arthroplasty (RTAA): 
Invision talar component and INBONE II modular tibial 
stem

a bFig. 15.5  Range of 
intraoperative mobility 
after revision total ankle 
arthroplasty (RTAA): (a) 
30° of plantar flexion; 
(b) 13° of dorsal flexion. 
In the postoperative 
period, the range of 
motion achieved in the 
operating room tends to 
decrease
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between the standard components and the revi-
sion components; however the custom-made 
components had slightly poorer results.

In the previous chapter, Horisberger et  al. 
described a technique of bone supplementation in 
cases of revision of ankle prosthesis with large 
bone defects [11]. Their technique comprises two 
phases. First, remove the loosened components 
and reconstruct the tibial and talus bone defect 
with mono- or bicortical iliac crest autograft that 
stabilizes with compression screws or plates. In a 
second phase after 3–4 months and verification of 
the consolidation by CT, perform surgery for the 
implantation of a new prosthesis. No intraopera-
tive or perioperative complications were observed, 
and there was no loosening of the components in 
the final assessment. Both the VAS and AOFAS 
scores improved significantly. However, the range 
of motion did not change after the revision.

Lachman et al. conclude in their recent pub-
lication that the results after arthroplasty of 
ankle prosthesis revision can be performed suc-
cessfully in appropriately selected patients 
[12]. They observed a significant improvement 
in the functional and satisfaction scales. 
However, the maximum time for improvement 
is longer after a revision than after a primary 
prosthesis, and the magnitude of improvement 
will never reach the same levels as a primary 
prosthesis. The revision arthroplasty was a suc-
cess in 89.6% (26 of 29 patients) with a reop-
eration rate of 20.7% and a prosthetic failure 
rate of 10.4% after a follow-up of 3.22 years. 
We have to evaluate each case individually to 
determine the best revision surgery in primary 
ankle prostheses that have failed. Table  15.2 
summarizes the main results of RTAA in the 
literature.

Table 15.2  Main results and complications of revision total ankle arthroplasty (RTAA) in the literature

Authors Year Results Complications Comments
Ellington 
et al. [13]

2013 The mean radiographic 
measurements of 
component position did 
not change significantly 
postoperatively. The 
mean postoperative 
scores for the 34 patients 
with a retained TAA 
were 4.4 of 10 possible 
points on a VAS, 65 of 
100 possible points on 
the AOFAS hindfoot 
scale, 93.5 of 100 
possible points on the 
SF-12, 137.9 of 204 
possible points on the 
Revised FFI-R, and 64 of 
180 possible points on 
the AOS. The mean arc 
of motion 
radiographically was 18° 
preoperatively and 23° 
postoperatively, with all 
improvements occurring 
in plantar flexion

The RTAA was converted to 
an arthrodesis in 5 of the 41 
patients, and 2 additional 
patients had undergone 
amputation. Some 22 patients 
(54%) had a subtalar 
arthrodesis performed at the 
time of the RTAA, with 19 of 
those having a custom-
designed long-stem talar 
component placed 
simultaneously

These authors performed a review of 
53 patients who underwent 
RTAA. The mean follow-up period 
was 49.1 months after the RTAA 
(minimum 2 years). The average 
time from primary Agility TAA to 
revision was 51 months. Forty-one of 
the 53 patients (77%) were available 
for follow-up. The most common 
indication for RTAA was talar 
subsidence (63%; 26 of 41). A lesser 
amount of preoperative talar 
subsidence was a significant 
predictor of a good outcome based 
on the AOFAS hindfoot score and the 
AOS score. The main conclusion was 
that RTAA may be considered an 
alternative to arthrodesis when 
treating patients with a failed Agility 
TAA

(continued)
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Table 15.2  (continued)

Authors Year Results Complications Comments
Hintermann 
et al. [9]

2013 The estimated survival of 
the RTAAs at 9 years, 
with loosening of 
components as the end 
point, was 83%. The 
prevalence of component 
loosening was higher 
with the use of single-
coated hydroxyapatite 
components (6 of 23 
ankles, 26%) than with 
double-coated 
components (5 of 94 
ankles, 5%)

Early complications included 
a fracture of the malleoli in 
two ankles and a dislocation 
of the polyethylene insert in 
one. Seventeen (15%) of the 
RTAAs required further 
revision surgery, in most 
cases for loosening of one or 
two of the prosthetic 
components

These authors performed 117 RTAAs 
(in 116 patients). Mean age, 55 
years. Primary TAAs failed after a 
mean of 4.3 years and were revised 
with use of the HINTEGRA 
three-component TAA. The reason 
for revision involved the metallic 
components in 60 (51%) ankles, the 
bone in 28 (24%), the soft tissues in 
20 (17%), and infection in 9 (8%). 
The talar component was revised in 
104 (89%) ankles and the tibial 
component in 106 (91%).The 
medium-term results of RTAA after a 
failed TAA were similar to those 
after primary arthroplasty. The key to 
success was firm anchorage of the 
components to primary bone stock

Williams 
et al. [1]

2015 The Agility TAA lasted a 
mean of 6.7 years prior 
to revision to an 
INBONE II TAA

There were six intraoperative 
and five acute postoperative 
complications, leading to an 
overall 31.4% complication 
rate. There was one patient 
with continued pain 
postoperatively who 
underwent a second revision 
of the INBONE II 20 months 
postoperatively

A retrospective review of 35 cases of 
failed Agility TAA revised to an 
INBONE II TAA was performed. 
The average follow-up was 9.1 
months. RTAA was a viable 
treatment option for failed TAA but 
with a high risk of perioperative 
complications

Pagenstert 
et al. [14]

2017 In all patients, significant 
pain relief was observed

In two patients a 
tibiotalocalcaneal arthrodesis 
was performed due to a 
painful aseptic loosening of 
RTAA

One-stage RTAA was performed on 
14 patients, with a mean age of 52.7 
years. The indication for revision 
surgery was aseptic loosening of one 
or both prosthesis components. The 
mean time between the initial TAA 
and revision surgery was 5.9 years

Lachman 
et al. [12]

2018 Improvements in PROs 
were better after primary 
than revision TAA. In 
this series, 10.3% of 
RTAAs required a 
second RTAA or 
arthrodesis surgery

Three (10.3%) RTAAs 
required further surgery; two 
required conversion to 
arthrodesis and one required 
a second RTAA

Some 15 (51.7%) patients underwent 
revision of just the talar and 
polyethylene components, while 13 
(44.8%) patients underwent revision 
of all components. The most 
common cause was talar subsidence 
(51.7%). The average time to 
revision was 3.9 years, with a 
follow-up of 3.2 years after revision

Koo et al. 
[15]

2018 At 5 years, the outcomes 
for this design of TAA in 
this series were 
excellent, and were 
similar to those of 
previously published 
series from the design 
center

A total of three patients (four 
ankles) died and two (two 
ankles) were lost to 
follow-up. Three TAAs were 
revised for aseptic loosening 
(in two cases) or infection. 
Two further patients 
underwent reoperations, one 
for arthroscopic debridement 
of anterolateral synovitis and 
one for grafting of an 
asymptomatic tibial cyst

TAA was performed on 50 
consecutive patients (55 ankles). 
With all-cause revision as an 
endpoint, implant survival was 
93.3% at 5 to 10 years. If 
reoperations are included, this falls 
to 90.2% at 5 years. No other patient 
demonstrated radiographic evidence 
of loosening or subsidence. PROMs 
and satisfaction were excellent at 
latest follow-up
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15.4	 �Conclusions

The progressive increase in primary ankle pros-
theses implanted in recent decades has been 
accompanied by an increase in the rate of pros-
thetic revisions and greater study of the compli-
cations of this type of surgery and its results. 
Until now, ankle arthrodesis after prosthetic fail-
ure was the gold standard. However, the current 
results of prosthetic revision surgery are encour-
aging, given the results on the AOFAS, VAS, and 
SF-36 scales show significant improvement in all 
publications. However, these data do not mean 
that revision surgery is easy. Like all prosthetic 
revision surgeries, it comprises great complexity 
and requires knowledge and experience in pros-
thetic ankle implantation. The complications of 
revision surgery do not differ greatly from pri-
mary prosthetic surgery although we must pay 
close attention to those patients with risks prior to 
surgery. If a patient has a low bone mineral den-
sity, we should perform prophylactic stabiliza-
tion of the malleoli. If the condition of the soft 
tissues is not optimal, care must be taken to mon-
itor its evolution with correct presurgical prepa-
ration and adequate compressive bandages in the 
postoperative period. In this way we can avoid 
dehiscence or a torpid evolution of the soft parts 
that can evolve into deep infections. Finally, the 
rates of loosening and prosthetic failure can reach 
up to 15%–20% after revision surgery. To reduce 
these problems, we should look for tibial implants 
with greater diaphragmatic support with long 
tibial stems; at the talar level we should look for 

good bone support with a spongy autograft of the 
iliac crest and with flat talar components that pro-
vide a uniform distribution of the loads.
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