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12.1             Case Presentation 

 A 69-year-old man, otherwise active and healthy, presented 
to clinic with a 1-year history of a painful right total knee 
arthroplasty (TKA), worse in the last 6 months. Pain was 
worse with activity, although he was able to ambulate for ten 
blocks without the use of any assist devices. He denied any 
precipitating trauma or injury, as well as any constitutional 
symptoms or history of painful TKA. Past history revealed 
staged, bilateral total knee arthroplasties performed approxi-
mately 15–20 years prior. He stated that up until 1 year ago, 
he had had an otherwise unremarkable postoperative course. 
Physical examination of his right knee revealed no effusion, 
warmth, or erythema; his previous midline incision was well 
healed. He demonstrated some pain with active range of 
motion from 5° to 130°, as well as increased varus/valgus lax-
ity. Routine radiographs revealed bilateral TKAs with signs 
of significant osteolysis, component loosening, and subsid-
ence (Fig.  12.1 ). Right knee X-rays demonstrated a cruciate 
retaining cemented, modular TKA with loosening of the 
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femoral and tibial components, the latter having subsided 
into varus; there were significant osteolytic lesions surround-
ing both components. While there was no distinct metal-line 
sign present [ 1 ], there was radiographic densification of the 
periarticular soft tissue seen on the lateral view. Of note, left 
knee X-rays revealed a similar pattern. Serum erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) 
were 1 mm/h (normal range, 0–15 mm/h) and 0.1 mg/dL 

  Fig. 12.1.    ( a – d ) Preoperative X-rays reveal a cemented right and 
left total knee arthroplasties with radiographic signs of loosening. 
The right TKA tibial component has subsided into varus.       
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 (normal range, 0.0–1.0 mg/dL), respectively. Serum cobalt 
and chromium levels were elevated to 12 μg/L (normal range, 
<1.0) and 3.9 μg/L (normal range, 0.2–0.6).  

12.1.1     Diagnosis/Assessment 

 The patient presented with a chronically painful right TKA 
and late instability in the setting of elevated serum metal ion 
levels, and hence was presumed to have full-thickness polyeth-
ylene wear and resultant osteolysis. The index of suspicion for 
this was high on the left knee as well, but our work-up and 
treatment focused on his symptomatic right TKA. Chronic, 
indolent periprosthetic infection could not be ruled out either, 
but his history, physical exam, and laboratory results suggested 
an aseptic etiology; hence, a preoperative knee aspiration for 
synovial analysis was deferred in lieu of an intraoperative 
assessment. Historically, polyethylene wear and its sequelae 
(aseptic loosening, osteolysis, late instability) are common 
causes for revision total knee arthroplasty, particularly with the 
use of modular tibial components. In fact, osteolysis induced by 
wear debris of ultra-high-molecular- weight polyethylene 
emerged as a significant problem, presumably related to back-
side polyethylene wear as well as poor quality polyethylene 
(i.e., gamma irradiated in air). While a rare cause of failure 
after total knee arthroplasty, metallosis was also considered in 
this case given the significant osteolysis, joint space narrowing, 
and radiographic densification of the periarticular soft tissue 
seen radiographically [ 2 ]. Metallosis has only previously been 
reported when there has been abnormal metal-on-metal con-
tact, and we suspected this phenomenon here, prompting our 
preoperative interest in serum metal ion levels.  

12.1.2     Management 

 In a patient with presumed metallosis, osteolysis, and aseptic 
loosening due to full-thickness polyethylene wear, revision TKA 
involving all components must be discussed. In particular, the 
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method of reconstruction depends on the remaining bone 
stock, ligamentous integrity, and the ability to balance flex-
ion/extension gaps. The Anderson Orthopedic Research 
Institute (AORI) classification grades bone loss associated 
with revision TKA based on defect size and the degree of 
metaphyseal involvement [ 3 ]. This provides a useful guide for 
predicting the options for reconstruction. Cement, mor-
selized allograft, or metal augments can be individually used 
to fill smaller, confined defects (<1 cm). As the defect size or 
degree of metaphyseal involvement increases, reconstruction 
may require impaction grafting, structural allograft, metaphy-
seal sleeves, porous metal cones, composite allograft, mega-
prostheses, or some combination of any of these modalities 
(Fig.  12.2 ). While preoperative radiographs can predict the 
anticipated bone loss, they often underestimate the actual 
bone loss encountered intraoperatively [ 4 ]. Hence, adequate 
preoperative planning means anticipating the use of any 
combination of the aforementioned defect-filling modalities.   

Bone Graft
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Defect Type

1 2 3

Megaprostheses

Tantalum Cones

Metal Augments

Structural Allograft

Cement

  Fig. 12.2.    Matrix of bone loss filling options in revision TKA.  X -axis 
represents the relative defect size, while the  y -axis represents the 
defect type, according to the Anderson Orthopedic Research 
Institute (AORI) classification.       
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12.1.3     Outcome 

 The patient underwent elective revision TKA after thorough 
discussion about the potential bone loss and the spectrum of 
possible treatment options; while less likely, the potentials for 
underlying periprosthetic infection and two-stage revision 
were also discussed. At the time of surgery, there was exten-
sive metallosis and metallic debris, but intraoperative frozen 
sections were unremarkable for acute inflammation. On 
gross examination, the all-polyethylene patellar button was 
frankly loose, and there was significant femoral component 
burnishing. There was full-thickness wear of the polyethylene 
insert, most prominently on the posterolateral corner, and a 
corresponding completely worn corner of the tibial base 
plate beneath it (Fig.  12.3 ). Removal of all hardware revealed 
significant osteolysis of both the distal femur and proximal 
tibia with type III bone defects, as classified by the AORI 
scale. On the femoral side, only a shell of bone remained 
medially, with a significant osteolytic defect on the lateral 
side as well (Fig.  12.4a ). On the tibial side, there was a signifi-
cant osteolytic defect centrally (Fig.  12.4b ). The femoral 
defect was filled with a trabecular metal distal femoral cone 
and a press-fit stem, along with bilateral distal femoral and 
posterior augments (Fig.  12.5a ). Likewise, the tibial defect 
was addressed with a trabecular metal cone with a press-fit 

  Fig. 12.3.    There is full-thickness wear of the polyethylene insert, 
most prominently on the posterolateral corner ( a ), and a correspond-
ing completely worn corner of the tibial base plate beneath it ( b ).       
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stem and bilateral tibial augments (Fig.  12.5b ). A total stabi-
lized insert was used to address ligamentous instability. 
Postoperatively, the patient was restricted to 20 lbs-weight 
bearing for 6 weeks in a hinged knee brace, locked from 0° to 
90°. At his 8-week postoperative follow-up visit, he was 
already weight bearing as tolerated without a brace and dem-
onstrated an active range of motion from 0° to 130°. He did 
complain of some new-onset, mid-shaft tibial pain, which was 
mild in nature and unrelated to any injury or other symptoms. 
His radiographs demonstrated stemmed femoral and tibial 
components in good overall alignment (Fig.  12.6 ). There was 
no evidence of fracture or loosening, and we attributed this 
pain to modulus mismatch with the press-fit tibial stem.       

  Fig. 12.4.    In the femur, there is only a shell of bone remaining on the 
medial side and a significant osteolytic defect laterally ( a ). There is 
a significant osteolytic defect centrally seen in the tibia ( b ).       

  Fig. 12.5.    Trabecular metal cones are seen filling defects in the distal 
femur ( a ) and proximal tibia ( b ).       
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12.2     Literature Review 

 Bone loss is a common problem in revision total knee arthro-
plasty. In this case, the extensive bone loss was a result of 
osteolysis secondary to polyethylene wear and metallosis; 
however, the etiology of bone deficiency can also include 
aseptic loosening resulting in direct mechanical bone loss, 
septic loosening, instability stress shielding, or iatrogenic dur-
ing implant removal. No two revisions are the same. As the 
type of bone loss can be highly variable in each case, so too 
are the potential reconstruction options. 

 In the management of bone loss, it is important to consider 
defect size and location, as well as patient-specific character-
istics such as age, life expectancy, body mass index, and activ-
ity level. As aforementioned, one widely used method for 
categorizing defects based on size and metaphyseal involve-
ment is the AORI classification outlined by Engh. Type 1 
defects involve an intact metaphyseal rim and joint line with 
bone defects of less than 1 cm; these defects can be reconsti-
tuted with cement, morselized allograft, or metal augments. 
Type 2 defects involve significant cancellous bone loss with a 

  Fig. 12.6.    Postoperative week 8 AP ( a ) and lateral ( b ) radiographs 
demonstrate stemmed femoral and tibial components in good over-
all alignment.       
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relatively intact metaphyseal rim and require joint line 
 restoration; these defects are further categorized into type 2a 
(only one femoral condyle or one side of the tibial plateau 
involved) and type 2b (both femoral condyles or both sides 
of the tibial plateau involved). Reconstruction options for 
type 2 defects include metal augments, impaction grafting, 
structural allograft, metaphyseal sleeves, or porous metal 
cones. Type 3 defects involve large metaphyseal rim defects 
with extensive cancellous bone loss; reconstruction options 
include impaction grafting, structural allograft, metaphyseal 
sleeves, porous metal cones, composite allograft, or mega-
prostheses. Another classification scheme, outlined by 
Clatworthy and Gross (Table  12.1 ), categorizes defects ini-
tially as contained or non-contained. Defects can be further 
stratified as type I—contained with metaphyseal bone intact, 
in which restoration of the joint line does not require bone 
grafting or augmentation; type II—contained with compro-
mised metaphyseal bone and requiring bone grafting, cement 
fill, or augments to restore the joint line; type III—non-con-
tained, noncircumferential defects requiring a femoral head 

   Table 12.1.    Management of bone loss in revision total knee arthroplasty.   

 Defect type  Defect size  Treatment options 
 Contained  <5 mm  PMMA fill 

 5–10 mm  Reinforced PMMA 
 >10 mm  Morselized allograft or porous 

metal augments 
 Non- 
contained  

 <5 mm  PMMA 
 5–10 mm, <50 % 
femoral condyle/tibial 
plateau 

 Reinforced PMMA 

 5–15 mm, >50 % 
femoral condyle/tibial 
plateau 

 TKA modular systems with 
stems, augments 

 >15 mm  Structural allografts; 
megaprostheses, or porous metal 
augments 

  Abbreviations:  PMMA  polymethylmethacrylate (acrylic bone cement),  TKA  
total knee arthroplasty  
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allograft, partial distal femur, or partial proximal tibia; and 
type IV—non-contained, circumferential defects requiring a 
segmental distal femoral or proximal tibial graft.

   The armamentarium of treatment options for bone loss is 
extensive, including polymethylmethacrylate (PMMA) with 
or without reinforcing screws, autograft, morselized or struc-
tural allograft [ 5 ], modular TKA systems including stems, 
wedges and metal augments, and orthopedic salvage systems 
such as mega- or tumor prostheses [ 6 ]. For reconstitution o   f 
contained defects, morselized allograft is better suited than 
structural allograft and may be associated with a higher rate 
of incorporation. However, the drawbacks of allograft use 
include late resorption, fracture or nonunion in the case of 
structural allograft, and risk of disease transmission. Other 
alternatives to small, contained defects include filling with 
PMMA, reinforced with one or more screws if the defect is 
larger enough. Metallic augments available with modular 
TKA systems can also be used to address areas of discrete 
bone loss. 

12.2.1     Ultraporous Metals 

 Ultraporous metals fabricated into augments and cones, such 
as those used in this patient, are helpful innovations for 
addressing larger structural defects in revision TKA [ 7 – 9 ]. 
While there is a paucity of information in the literature 
regarding the long-term outcomes of these reconstruction 
options, short-term results have been promising. Meneghini 
et al. [ 10 ] reported on the use of porous tantalum augments 
for treatment of extensive tibial bone loss in a series of 15 
revision TKAs (15 patients) that included seven AORI type 
2B and eight type 3 defects. At a mean follow-up of 34 
months, all cases went on to osseointegration without loosen-
ing or migration. More recently, Huang et al. prospectively 
followed 83 knees that underwent revision TKA with metaph-
yseal sleeves [ 11 ], including 36 sleeves used in femoral revi-
sions and 83 sleeves in tibial revisions. At a mean follow-up 
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of 2.4 years, none of the implants demonstrated progressive 
radiolucency around the metaphyseal sleeves, and only two 
(2.7 %) patients required revision for aseptic loosening of 
their tibial components.  

12.2.2     Salvage Prostheses 

 As bone loss becomes more severe, both in size and contain-
ment, revision options expand to include tumor-type mega-
prostheses [ 6 ]. Distal femoral replacements have been 
utilized for a variety of indications, ranging from severely 
comminuted periprosthetic fractures compromising implant 
fixation to catastrophic revision scenarios involving severe 
osteolysis, septic failure, or ligamentous instability. Berend 
et al. reported on a series of 38 distal femoral replacements 
in 36 patients with a mean follow-up of 33 months [ 6 ]. The 
most common indications were periprosthetic fracture 
(32 %), septic failure (21 %), and aseptic loosening (18 %). 
The average size of bone loss encountered was 7 cm. 
Complications included two deaths within 3 months of sur-
gery and three reoperations—two for recurrent infection and 
one for periprosthetic fracture. 

 In their review of the literature, Lombardi et al. offered 
an algorithmic approach to managing bone loss in revision 
TKA [ 12 ]. PMMA cement alone can be used for bone 
defects <5 mm in size. For deficits of 5–10 mm and <50 % 
of the femoral condyle or tibial plateau, PMMA with rein-
forcing screws is recommended. Morselized allograft can 
be used to fill contained deficits >5 mm. For non-contained 
defects 5–15 mm and >50 % of the femoral condyle and 
tibial plateau, they recommend modular TKA systems 
with stems and augments. And in the case of non-contained 
deficits >15 mm, structural allografts, tumor-type mega-
prostheses, and porous metal augments provide suitable 
options.   
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12.3     Clinical Pearls/Pitfalls 

•     Bone loss is a common problem in revision total knee 
arthroplasty.  

•   Metallosis must be considered in the setting of the chroni-
cally painful TKA with radiographic signs of osteolysis and 
component loosening.  

•   While preoperative radiographs can predict the antici-
pated bone loss, they often underestimate the actual bone 
loss encountered intraoperatively.  

•   Preoperative and intraoperative classification of bone 
deficiency can predict the options for reconstruction.  

•   As there is a spectrum of bone-filling options, reconstitu-
tion of bone defects often involves more than one modal-
ity of treatment.  

•   At short-term follow-up, revision TKA with each of the 
different modes of bone reconstitution provides reliable 
fixation.        
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