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  Pref ace   

 Adult reconstructive surgery of the knee continues to advance 
at a hectic pace with rapid change in our understanding of the 
knee. The goal of  Complex Primary and Revision Total Knee 
Arthroplasty :  A Clinical Casebook  is to provide the practicing 
orthopedic surgeon, fellow, and resident with a concise vol-
ume that illustrates much of the basics and multitude of 
options available to treat both simple and complex adult 
reconstructive problems. It provides a framework for under-
standing how to evaluate, diagnose, and treat these problems. 
The chapters not only provide information on preferred 
treatments but also summarize many of the latest studies and 
controversies regarding management and treatment. 

 Chapter topics were chosen to cover the most pertinent 
and prevalent areas that a practicing surgeon may encounter. 
Each chapter is formatted such that the reader can identify a 
suspected problem and gain additional understanding of the 
fundamentals that lead to the given situation as well as 
appropriate management strategies. Chapter authors were 
selected by the editors for their known expertise in the given 
subject field and asked to provide real-world case examples 
to help illustrate the chapter focus. The book is not intended 
to be a comprehensive and exhaustive consolidation of the 
most recent and past literature or cover every aspect of each 
subject. For those readers using the text on an occasional 
basis to provide deeper understanding or refreshing memory, 
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the chapters are organized concisely and include clinical 
pearls at the end of each chapter to help reinforce key points 
and learning objectives. For those reading the book from start 
to finish, a firm understanding of the essentials and overview 
of controversial topics may be gained with clinical examples 
to help with reinforcement and overall learning. 

 We hope this casebook becomes a frequently referenced 
companion for the practicing orthopedic surgeon as well as 
those residents and fellows learning the art of primary and 
revision knee arthroplasty.  

  Charlotte, NC, USA     Bryan     D.     Springer, MD       
    Brian     M.     Curtin, MD, MS      

Preface
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1.1             Case Presentation 

 A 65-year-old male presented to an orthopedic clinic with 
knee pain along the medial aspect of both knees with the right 
significantly worse than the left. The patient described fre-
quent morning pain and stiffness, which generally  diminished 
within 15 min; the pain became worse later in the day, espe-
cially with significant walking. He sought pain relief with 
acetaminophen and ibuprofen, but noticed decreasing effec-
tiveness over the last several years. He denied recent trauma, 
although he reported having minor sports injuries in the dis-
tant past. Walking down stairs exacerbated the pain. He was 
no longer able to jog so he tried to use the elliptical machine 
for exercise and weight loss, but recently his knee pain pre-
vented him from doing much at all. As a result, he gained 15 lb 
and his BMI increased to 32. Past medical history included 
prehypertension but the patient is otherwise in good health. 

    Chapter 1   
 Complex Primary Total Knee 
Arthroplasty: Management 
of Varus Knee 
           Colin     T.     Penrose      and     John     W.     Barrington     

        C.  T.   Penrose ,  BS, BA    
     Duke University School of Medicine ,   Durham ,  NC ,  USA     

    J.  W.   Barrington ,  MD      (�) 
  Joint Replacement Center of Texas, and Plano Orthopedics 
and Sports Medicine ,   Plano ,  TX ,  USA   
 e-mail: jbarrington@sbcglobal.net  

© Springer International Publishing Switzerland 2015
B.D. Springer and B.M. Curtin (eds.), Complex Primary 
and Revision Total Knee Arthroplasty: A Clinical Casebook,
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On physical examination, the patient walked with a slow, bow-
legged gait and favored his right leg with a moderate limp. On 
palpation, pain was elicited along the medial joint line and 
there was a small effusion with no appreciable warmth. The 
right knee had a range of motion from 0° to 110° and crepitus 
was noted. The patient had a correctable varus deformity and 
no evidence of gross ligamentous instability on Lachman   , pos-
terior drawer, or anterior drawer testing. 

 Plain film radiography revealed advanced arthritic changes 
with medial joint space narrowing (see Fig.  1.1 ). The joint 
space of the lateral compartment was full thickness. There 
were osteophytes present along the medial distal femur and 
proximal tibia (see Figs.  1.1  and  1.2 ). Full-length standing AP 
views were obtained for preoperative planning (see Fig.  1.3 ). 
Sunrise view demonstrated no evidence of pathology at the 
patellofemoral joint.     

  Fig. 1.1.    Weight-bearing AP radiograph of the right knee of a 
65-year-old male with medial joint space narrowing, osteophytes, 
and varus deformity.       

 

C.T. Penrose and J.W. Barrington
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1.2     Diagnosis/Assessment 

 Diagnosis of osteoarthritis begins with history and physical 
exam. Alignment of the knee must be evaluated with physical 
exam and radiographs. Valgus stress views are useful to con-
firm full thickness intact lateral cartilage and varus stress 
views can confirm complete joint space loss medially. A 
standing PA 45°, or “notch” view, can help distinguish a 
 normal lateral compartment from one with joint pathology 
(see Fig.  1.4 ). Severity of varus deformity should be deter-
mined preoperatively. It is very important to distinguish a 
fixed varus deformity from one that is flexible or correctable. 
Loss of medial joint space can create a pseudolaxity, which 

  Fig. 1.2.    Lateral view radiograph of the right knee of a 65-year-old 
male.       
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may lead to overstripping of the MCL during exposure [ 1 ]. 
A full- length x-ray of the lower extremity in both the ante-
rior/posterior and lateral dimensions is often obtained and 
may be helpful especially in unusual cases (see Fig.  1.3 ). It is 
of great importance that the projection is obtained in neutral 
rotation.   

  Fig. 1.3.    Full-length radiograph obtained by stitching images 
together allows accurate measurement of varus deformity and is an 
important preoperative view to obtain. The comparison to the 
patient’s relatively normal contralateral ( left ) knee highlights the 
loss of medial cartilage and varus deformity of the right knee.       

 

C.T. Penrose and J.W. Barrington
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1.3     Management 

 Management of the varus knee may begin conservatively with 
oral medication, activity modification, weight loss, and unloader 
bracing. These efforts may allow the patient to function with a 
reasonable level of pain control and delay the need for more 
invasive therapies. As the condition continues to progress, 
there is a role for glucocorticoid injections, which typically 
provide a temporary therapeutic benefit in addition to diag-
nostic value when the pain is relieved by targeted injection. 
Gel injectables (including synvisc and supartz) are also often 
administered. When these more conservative modalities fail, 
patients and providers should consider surgical intervention.  

  Fig. 1.4.    Standing PA 45° (“notch” view) reveals a normal lateral 
compartment. This is an important criterion to fulfill to consider a 
unicompartmental knee arthroplasty. If there was pathology in the 
lateral compartment, this view would cause the lateral compartment 
to appear collapsed.       

 

1. Complex Primary Total Knee Arthroplasty…
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1.4     Outcome 

 After presurgical evaluation and consent for surgery, the 
patient in this case presentation underwent medial unicom-
partmental arthroplasty. The patient began walking within 
hours after the operation. After 3 weeks of rehabilitation 
with physical therapy and home exercises, the patient had 
pain-free range of motion from 2° to 110° with good align-
ment. At 1 year follow-up visit, the patient was doing well 
clinically. Radiographs revealed good alignment with no evi-
dence of osteolysis (see Figs.  1.5 ,  1.6 , and  1.7 ).     

  Fig. 1.5.    One-year postoperative AP, weight-bearing radiograph of 
the patient’s right knee revealing good alignment of the unicom-
partmental knee arthroplasty.       

 

C.T. Penrose and J.W. Barrington



  Fig. 1.7.    One-year postoperative lateral radiograph of the right 
knee obtained in flexion.       

  Fig. 1.6.    One-year postoperative PA radiograph of the right knee 
revealing persistent full thickness joint space of the lateral compart-
ment.       
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1.5     Literature Review 

 Treatment of varus knee after failure of conservative man-
agement has been approached in a variety of ways: proximal 
tibial osteotomy, medial unicompartmental knee arthro-
plasty, and total knee arthroplasty. Total knee arthroplasty 
design construct options include ACL and/or PCL sparing, 
posterior stabilized, constrained, and rotating hinge. 

1.5.1     Proximal Tibial Osteotomy 

 The proximal tibial osteotomy can be effective in shifting the 
weight-bearing stresses from the medial to the lateral com-
partment; however, results are much less immediate than 
with total knee arthroplasty often taking 6 months for recov-
ery. A meta-analysis demonstrated a good or excellent result 
at 60 months occurred in 75.3 % of cases, and at 100 months 
in 60.3 % of cases. Based on these results, the authors sug-
gested that in young patients with specific indications, there 
is a role for closing wedge tibial osteotomy [ 2 ]. However, 
given the long time frame for recovery and less favorable 
outcomes (as well as improvements in unicompartmental and 
total knee arthroplasty), this is a less common surgery, pri-
marily reserved for the young, heavy laborer.  

1.5.2     Unicompartmental Knee Arthroplasty 

 Unicompartmental knee arthroplasty is an important opera-
tion to consider in varus knee deformity patients with osteo-
arthritis affecting only the medial compartment. Patients 
should fulfill the three Carr Criteria to be considered for 
unicompartmental knee arthroplasty: a functional ACL, fully 
correctable deformity, and full thickness of lateral compart-
ment articular cartilage [ 3 ]. Several large studies have dem-
onstrated excellent results when patients fulfilling these 
criteria were selected [ 4 ,  5 ]. Obesity has been reported as 
another contraindication [ 6 ]. Unicompartmental knee 

C.T. Penrose and J.W. Barrington
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 arthroplasty has been associated with shorter lengths of stay 
and lower perioperative complications from this less- invasive 
procedure, although higher revision rates have been associ-
ated with this technique when nationwide databases are 
analyzed [ 7 ].  

1.5.3     Total Knee Arthroplasty 

 Varus deformed knees with anterior cruciate ligamentous 
instability, wear of the cartilage of the lateral compartment, 
or a deformity that is not fully correctable with valgus stress 
are best treated with total knee arthroplasty. Rotational 
alignment of the femoral component is crucial, and the AP 
axis and epicondylar axis are useful anatomic landmarks to 
allow balancing of the knee without the need for excessive 
ligamentous release [ 8 ]. When release is required to balance 
the varus knee, the order in which structures are released is 
important. The deep medial collateral ligament should be 
released from the tibia to the posteromedial corner of the 
knee as part of the initial exposure. All osteophytes from the 
distal femur and proximal tibia should be removed next 
because their presence can have a tenting effect on the 
medial soft tissue sleeve. If a medial contracture remains 
present, then release should proceed sequentially with the 
semimembranosus aponeurosis followed by the superficial 
medial collateral ligament and finally the pes anserinus 
insertions. Before each of these releases, stability should be 
assessed to determine the need to proceed. If medial con-
tracture persists and the PCL has been preserved, release of 
the PCL and careful removal of the posteromedial capsule 
are indicated with conversion to a PCL-substituting prosthe-
sis. Occasionally, severe medial contracture will require an 
additional step: stripping the periosteum of the tibia distally 
5 cm and fractionally severing the periosteum. It is important 
to proceed in this order and only after stability has been 
checked because overrelease leads to valgus instability [ 9 ]. 
Soft tissue balancing is especially important in patients with 

1. Complex Primary Total Knee Arthroplasty…
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a varus coronal plane deformity and may be assessed 
 intraoperatively with a variety of modalities including spacer 
blocks, laminar spreaders, tensioning devices, and trial com-
ponents [ 10 ]. 

 One study compared 27 knees in 20 patients with preop-
erative varus deformity 20° or greater to a control group with 
less than 5° of varus deformity. They found that the varus 
group had higher variability of results and operative times 
that were 30 min longer on average, with a knee evaluation 
score that was not statistically significant difference, and an 
average postoperative alignment that tended to be in residual 
varus (3°) [ 11 ]. It is important to avoid positioning the tibial 
component more than 3° varus as this has been demonstrated 
to increase the likelihood of early failure, usually further to 
varus caused by medial bone collapse [ 12 ]. 

 Management of the PCL (and even the ACL) is a matter 
of surgeon training, experience, and preference. Proponents 
of the PCL-sparing philosophy note improved propriocep-
tion [ 13 ], a bone and soft tissue sparing workflow, and excel-
lent long-term survivorship [ 14 ]. Cruciate substitution is cited 
as a reproducible workflow for the spectrum of ligament loss 
and is favored by some for its reproducible and consistent 
femoral rollback [ 15 ,  16 ]. Constrained condylar components 
offer another element of increased stability. Hinged implants 
are useful in patients with severe ligamentous insufficiency, 
or flexion or extension gap mismatch [ 9 ].   

1.6     Clinical Pearls/Pitfalls 

•     Consider unicompartmental knee arthroplasty even in 
patients with severe varus deformity as long as they have 
an intact ACL, fully correctable deformity, and full thick-
ness lateral cartilage.  

•   Rotational alignment of TKA femoral component accord-
ing to AP axis and epicondylar axis is crucial for balancing 
varus knee, without the need for excessive ligamentous 
release.  

C.T. Penrose and J.W. Barrington
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•   Tibial component should not be positioned more than 3° 
varus or else knee is likely to fail further to varus.  

•   Constrained components or hinged components are 
reserved for those patients with absent collateral liga-
ments or excessive flexion gaps.        
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2.1             Case Presentation 

2.1.1     History and Physical 

 A 69-year-old female presented to clinic with the chief com-
plaint of several years of progressively worsening bilateral 
knee pain, right greater than left. There was no specific 
 incident that started the pain. On the right side, she felt the 
pain throughout the whole knee, worst on the lateral aspect. 
She stated the pain was worse with activity, especially with 
climbing stairs, and relieved by rest; the patient described the 
pain as sharp with activity but dull/achy at rest. 

 The patient was initially treated with activity modification, 
physical therapy, and daily NSAIDs, which sufficiently man-
aged the pain for several years. However, the pain continued 
to worsen, and the patient subsequently received several 
intra-articular corticosteroid injections. The first one pro-
vided relief for several months, but the last injection only 

    Chapter 2   
 Complex Primary Total Knee 
Arthroplasty: Management 
of Valgus Knee 
           Jon     O.     Wright      and     Ryan     M.     Nunley     
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provided relief for approximately 2 weeks, and so she was 
referred here to discuss possible TKA. 

 On physical exam, she was tender to palpation mainly on 
the lateral and anterior aspect of her right knee, with some 
pain in the left knee as well, but not as severe. Skin was nor-
mal with no prior incisions. On the right side, range of motion 
was 3–110°, and the knee was stable ligamentously. Overall 
she had 11° of valgus on both knees. She had a mild limp and 
mild bilateral effusions. Strength was 5/5 in all muscle groups, 
sensation was intact to light touch in all distributions, and 
pulses were intact. 

 Weight-bearing anteroposterior and lateral X-rays and 
standard patellofemoral X-rays of the knees were obtained 
and showed bilateral tricompartmental osteoarthritis, with a 
valgus deformity of 11° on the right side (see Fig.  2.1 ).   

2.1.2     Management 

 The patient was diagnosed with end-stage osteoarthritis and, 
having failed conservative therapy, elected to undergo 
TKA. On the day of surgery, a medial parapatellar approach 
was used to access the joint. The distal femoral cut was made 
in 3° of valgus, and rotational alignment of the femoral com-
ponent was set in reference to the anteroposterior axis and 
verified with the transepicondylar axis. The tibial cuts were 
made, and lateral release of the iliotibial band and the 
 posterolateral capsule lateral to the popliteus tendon was 
performed to achieve appropriate flexion and extension gaps. 
Components were cemented in place, and the incision was 
closed. Shortly after the procedure was completed, the pero-
neal nerve was evaluated and found to be intact.  

2.1.3     Outcome 

 The patient returned to clinic 4 weeks postoperatively. She 
was doing well with her recovery. X-rays were obtained which 
showed femoral and tibial components well affixed and in 
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near-anatomic alignment (see Fig.  2.2 ). Standing long-leg 
anteroposterior films from hip to knee were also obtained 
and showed the limb corrected to a neutral mechanical align-
ment (see Fig.  2.3 ). She was continued on physical therapy to 
improve strength and range of motion, and she followed up 
in clinic again 1 year postoperatively, at which point she was 
still doing well.     

  Fig. 2.1.    Preoperative X-rays of the knee. View: ( a ) anteroposterior, 
( b ) lateral, ( c ) patellofemoral.       
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2.2     Literature Review 

2.2.1     Introduction 

 Many surgeons consider total knee arthroplasty (TKA) in 
the valgus knee to be a more technically difficult procedure 
than TKA in the varus knee. The increased complexity is 
partly due to the complex soft tissue releases needed to help 
create a balanced knee and also partly due to the distal femo-
ral deformity that is commonly encountered. Additionally, 
clinical decision-making can also be difficult in these cases, as 
there is no real consensus in the literature as to the best surgi-
cal approach and techniques to use, although several differ-
ent methods have been proposed. 

  Fig. 2.2.    Postoperative X-rays of the knee. Views: ( a ) anteroposte-
rior, ( b ) lateral, ( c ) patellofemoral.       
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 Of the various methods proposed in the literature, some of 
the main areas of discussion include (1) which surgical 
approach to use, (2) which method to use to properly align 
the components, (3) how to achieve a final, stable construct 
through balancing of soft tissues, and (4) selection of an 
implant with an appropriate degree of constraint. The intent 
of this chapter is to provide an overview of what has been 

  Fig. 2.3.    Postoperative standing long-leg X-rays from hip to knee. 
Views: ( a ) anteroposterior, ( b ) lateral.       
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proposed, helping guide a reader’s future study and thereby 
enabling him or her to make up his or her own mind on each 
matter.  

2.2.2     Classification 

 Before broaching any of the aforementioned topics, it’s worth 
briefly reviewing the classification systems used for valgus 
knees (see Table  2.1 ). The most commonly referenced classi-
fication system in North America is probably the Krackow 
system [ 1 ], which categorizes valgus knees based on the integ-
rity of the medial soft tissues and on prior surgeries. A slight 
variation of this system was described by Ranawat et al. [ 2 ] 
which also takes into consideration the tightness of the lat-
eral soft tissues by assessing whether or not the deformity is 
fixed or correctable. Other classification systems also exist; 
however, further discussion of these will not be undertaken 
here, as most vary only slightly and rely on assessing the same 
variables: (1) degree of deformity, (2) ability to correct the 
deformity, (3) medial soft tissue integrity, and (4) history of 
prior osteotomy.

   Table 2.1.    Krackow and Ranawat classifi cations of the valgus knee [ 1 ,  2 ].   

 Type/variation  Krakow classification  Ranawat classification 

 I  Valgus deformity secondary 
to bone loss in the lateral 
compartment and soft 
tissue contracture with 
medial soft tissue still intact 

 Minimal valgus deformity 
and minimal soft tissue 
stretching 

 II  Like type I except for 
obvious attenuation of 
medial capsular ligament 
complex 

 Fixed valgus with more 
substantial deformity 
(>10 %) and with medial 
soft tissue stretching 

 III  Severe deformity with 
valgus malpositioning of 
the proximal tibial joint 
line after overcorrected 
proximal tibial osteotomy 

 Severe osseous deformity 
after a prior osteotomy 
with an incompetent 
medial soft tissue sleeve 
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2.2.3        Technical Aspects Particular 
to the Valgus Knee 

2.2.3.1     Surgical Approach 

 Either a medial or a lateral approach can be used to access 
the knee when performing any TKA. The lateral approach 
is popular in Europe for valgus knees and has several pro-
ponents in the US literature [ 3 ,  4 ], although it has not been 
widely adopted here. The medial approach is more familiar 
to most surgeons in the United States and is thought to be 
adequate in all but cases with the most severe deformity. 

 The fact that it is familiar to most surgeons is one impor-
tant benefit of choosing the medial approach. Another ben-
efit is that, with this approach, the patella is easy to evert or 
translate, especially in valgus knees, providing good exposure 
to the joint without requiring any tibial tuberosity osteotomy. 
The major disadvantage to this approach is the difficulty of 
reaching lateral side of the joint in knees with severe valgus 
deformity, increasing the difficulty of the already somewhat 
complex lateral release needed to properly balance the knee. 
Additionally, using this approach risks devascularizing the 
patella if a too aggressive lateral release is performed and the 
lateral geniculate arteries are compromised. 

 The lateral approach has the benefit of direct access to the 
lateral side of the knee, where the deformity is, without risk-
ing the blood supply to the patella, but it is relatively more 
technically challenging. The main disadvantages to this 
approach are that (1) a tibial tuberosity osteotomy is often 
required in order to invert the patella and access the medial 
side of the knee due to the tuberosity’s slightly lateral loca-
tion on the shaft of the tibia and (2) closure of the retinacu-
lar layer becomes problematic after correction of the 
deformity, necessitating more complex maneuvers such as a 
Z-cut capsulotomy to develop an adequate tissue layer for 
final closure.  
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2.2.3.2     Alignment 

 When performing any TKA, the main goals of the bony cuts 
should be to restore the knee joint to a neutral mechanical 
alignment and to ensure proper rotational alignment of the 
implants. 

 The mechanical axis of the leg is defined as the axis from 
the center of the femoral head to the center of the ankle, 
which ideally should pass directly through the center of the 
knee. In a neutrally aligned knee, the difference between the 
anatomical axis of the femur (defined by a line running down 
the center of the shaft of the femur) and this mechanical axis 
is commonly between 5 and 7°, depending upon the length of 
the patient’s femur. In valgus knees, however, the difference 
between these two axes is increased, and the mechanical axis 
runs lateral to the center of the knee. In varus knees, it is 
 common for the distal femur to be cut at a valgus angle 
around 6° to obtain a cut that will be nearly perpendicular to 
the final mechanical axis of the leg following completion of 
the surgery. However, in valgus knees, some authors recom-
mend using a smaller angle for the distal femoral cut [ 2 ]. This 
is done to minimally overcorrect for and thereby protect 
against recurrent valgus deformity, which is a fairly common 
complication following surgery in these patients. 

 Once the distal femoral cut has been made to restore a 
neutral mechanical axis, the next cuts to be made on the 
femur set the rotational alignment for the implant, which 
affects both the varus-valgus stability during flexion and 
determines the position of the patellar groove. Several differ-
ent axes have been proposed which can be used in reference 
to attain the proper alignment (see Fig.  2.4 ).  

 One of the most commonly used alignment techniques in 
TKA is to align the components in slight external rotation to 
the posterior femoral condylar axis, an axis defined by a line 
connecting the posterior aspects of the femoral condyles. 
Using this axis gives consistent results in most varus knees. 
However, this method should be avoided in the valgus knee, 
as wear and hypoplasia on the lateral femoral condyle can 
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result in altered osseous anatomy and hence an inappropriate 
reference axis (see Fig.  2.4 ). Using this method therefore may 
lead to inappropriate internal rotation of the femoral compo-
nent and subsequent medial displacement of the patellar 
groove, resulting in an increased Q angle and potential patel-
lar maltracking. 

 Two alternate alignment axes, the transepicondylar axis 
and the anteroposterior axis of the femur (AP axis), have 
been proposed to avoid this problem. Using cadaveric stud-
ies, Berger et al. showed that transepicondylar axis, defined 
by a line through the lateral epicondylar prominence and the 
medial sulcus of the medial epicondyle, provides a reliable 
axis for alignment [ 5 ]. However, intraoperatively determining 
this axis can be rather difficult. Another method to attain 
proper alignment in the valgus knee was proposed by Arima 
et al. [ 6 ,  7 ]. They recommended using the anteroposterior axis 

  Fig. 2.4.    Femoral axes that can be used as a reference for rotational 
alignment of femoral cuts.       
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of the femur (otherwise known as the Whiteside line), 
defined by a line through the deepest part of the patellar 
groove anteriorly and the center of the intercondylar notch 
posteriorly. Their group showed that using this new axis for 
rotational alignment in patients with valgus knees gave supe-
rior clinical results when compared to using the posterior 
condylar axis, with fewer patients needing tibial tubercle 
transfers intraoperatively and fewer patients experiencing 
patellar instability in the years following surgery. 

 The tibial cuts can usually be approached the same way in 
the valgus knee as in the varus knee. The transverse cut is 
made perpendicular to the anatomic axis of the tibia, which is 
coincident with the ideal mechanical axis of the leg unless 
there is preexisting tibial deformity. The tibial component is 
usually placed to have the center of the tibial component in 
line with the junction of the medial and middle 1/3 of the 
tibial tubercle. Excessive internal or external rotation will 
affect the final Q angle and may lead to patellar maltracking 
and soft tissue irritation postoperatively. 

 On a final note, release of the tight lateral retinaculum is 
often needed to obtain neutral patella tracking. As men-
tioned earlier, care should be taken while doing so if a medial 
approach has been utilized to avoid sacrificing the lateral 
geniculate arteries and risk devascularizing the patella.  

2.2.3.3     Gap Balancing and Component Selection 

 Probably the most debated topic regarding TKA in the val-
gus knee concerns the best way to ensure a final stable con-
struct through means of soft tissue balancing and/or use of 
constrained components. Most commonly, authors recom-
mend some type of lateral soft tissue release be used in con-
junction with either a cruciate retaining or posterior stabilized 
implant [ 1 ]. However, as the degree of deformity increases 
and medial soft tissue laxity is encountered, the best way to 
proceed becomes less clear. Authors vary on their approach 
in these cases, with some recommending various techniques 
to tighten medial structures, others recommending wider 
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tibial implants to fill the resultant gap, and finally others who 
recommend using more constrained implants and avoiding 
addressing the medial soft tissue laxity. 

 When proceeding with a lateral soft tissue release, the 
structures most often released include the iliotibial (IT) 
band, the posterolateral capsule, the popliteus tendon, the 
lateral head of the gastrocnemius, and the lateral collateral 
ligament. However, the recommended order of their release 
varies by author. Lombardi et al. recommended a simple 
sequential approach to the release, starting with the IT band 
and then proceeding sequentially with the posterolateral 
capsule, popliteus tendon, and then finally the LCL, assess-
ing the gaps and stability of the knee after each successive 
release until adequate balancing is achieved [ 8 ]. Whiteside 
proposed a more complex algorithm, taking into consider-
ation whether the gap was tight in either flexion, extension, 
or both [ 9 ]. His proposed algorithm can be seen in Table  2.2 . 
Multiple other authors have also offered their own slightly 
varying recommendations on this topic. Adding to the diffi-
culty of choosing a method to follow, not only does one have 
to choose which structures and in which order to perform 
the release, the technique of how to perform the release is 
also debated. While some authors propose simple transec-
tion of the structures, others propose using a so-called “pie-
crusting” technique, wherein the surgeon makes multiple 
transverse stab incisions in the posterolateral tissues being 

   Table 2.2.    Whiteside algorithm of lateral soft tissue release for gap balancing [ 9 ].   

 Gap tight laterally in 
flexion only 

 Gap tight laterally 
in extension only 

 Gap tight laterally in both 
flexion and extension 

 1. Release the LCL 
 2. If the lateral 

tightness is 
associated with 
internal rotational 
contracture, 
release the 
popliteus tendon 

 1. Release the IT 
band 

 2. If still too tight, 
release the 
posterolateral 
capsule 

 1. Balance first as if tight 
in flexion only 

 2. If tightness persists 
in extension, release 
the IT band first and 
then the posterolateral 
capsule as needed 
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released, as a way to facilitate the required release of tension 
without completely transecting the structures [ 10 ]. Several 
variations using this “pie-crusting” technique exist in the 
literature, once again differing by the sequence of structures 
to be addressed. Clinical outcome studies have been reported 
on all of these above-mentioned techniques and on multiple 
others as well, and most have been shown to produce reason-
able outcomes.

   In more complicated cases where both lateral contraction 
and medial laxity are combined, the surgeon has an even 
more difficult decision to make. Some authors propose that 
cases of minimal medial laxity can be treated simply by 
increasing the thickness of the tibial insert. However, severe 
valgus deformity may result in too large of a gap to feasibly 
fill with the tibial insert if lateral release is simply carried out 
to match the medial laxity. That leaves the surgeon with two 
different options to attain the needed stability of the final 
construct, either attempting to tighten the lax medial soft tis-
sues or opting to use a more constrained implant. 

 Several authors have addressed the first method, recom-
mending various procedures to tighten the insufficient MCL. 
They report satisfactory results while still using less- 
constrained implants [ 1 ], thus better preserving the natural 
mechanics of the knee. However, these methods can be tech-
nically challenging and add time to the operation, both of 
which increase the risk to the patient. Other authors argue 
against addressing the medial structures at all, but rather 
recommend the second method, using a more constrained 
prostheses to attain a stable construct. In a more extreme 
example of this, Easley et al. showed that in an elderly popu-
lation, using a more constrained implant, the constrained 
condylar knee, without addressing medial tissue laxity nor 
even performing any lateral soft tissue release, gave reason-
able results while avoiding longer surgeries and the possible 
complications associated with both lateral release and medial 
tightening [ 11 ].   
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2.2.4     Complications in the Valgus Knee 

 Certain complications have been shown to be more common 
in patients with valgus knees undergoing TKA when com-
pared to TKA patients with varus knees, several of which 
deserve specific mention:

•    Patellar osteonecrosis—As mentioned above, this is par-
ticularly a problem when extensive lateral release is done 
in conjunction with a medial surgical approach. Those 
electing this surgical approach should be aware of this 
potential complication and ensure that they do not tran-
sect the lateral geniculate arteries during their release in 
order to preserve the blood supply to the patella.  

•   Patellar tracking problems—The higher incidence of this 
in patients with valgus knees is possibly due to the diffi-
culty of attaining correct rotational alignment of the 
implants. To avoid this, the posterior condylar axis should 
not be used as a reference, and the surgeon should be pro-
ficient at using either the transepicondylar axis or the AP 
axis to correctly align the femoral prosthesis.  

•   Peroneal nerve palsy—In most cases, this is thought to be 
due to release and subsequent lengthening of the lateral 
soft tissue, resulting in excessive traction to the nerve [ 12 ]. 
If palsy is discovered, the knee should be immediately 
placed in flexion to decrease traction on the nerve and any 
constrictive dressings should be removed. Of note, the 
peroneal nerve is also particularly at risk if the “pie- 
crusting” technique is used on the posterolateral capsule, 
so the surgeon should be cognizant of this risk intraopera-
tively and take appropriate care.      

2.3     Clinical Pearls/Pitfalls 

•     Good results can be achieved through various different 
methods when performing TKA in the valgus knee. A sur-
geon should be aware of the various techniques that have 
been proposed and use them according to his or her best 
clinical judgment.  
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•   Referencing the posterior condylar axis should be avoided 
in valgus knees, as excessive lateral femoral condylar wear 
or lateral femoral condyle hypoplasia can lead to excessive 
internal rotation of the implant if this axis is used.  

•   Although the absolute risk is small, patients with valgus 
knees are particularly at risk for peroneal nerve palsy fol-
lowing TKA. Function of the nerve should be assessed as 
soon as possible postoperatively, and some people would 
advocate avoiding long-acting spinal anesthesia in these 
patients to allow for early assessment of nerve function in 
the recovery room.        
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3.1             Case Presentation 

 The patient is a 66-year-old male veteran with a 15-year 
 history of progressive right knee pain. As a serviceman, he 
sustained periodic “knee sprains” which were managed non-
surgically with conservative treatment. In his 50s he under-
went a total of three knee arthroscopy procedures for 
meniscal debridement and chondroplasty which provided 
him with an improvement in symptoms. Since developing 
osteoarthritis, he has been treated with physical therapy and 
multiple intra-articular corticosteroid injections, which of 
recent have failed to provide substantial pain relief. He pres-
ents with increasing pain and diminished function. 

 On physical examination, the patient stands 5 ft 11 in. tall 
weighing 200 lb and walks with a limp reflective of his fairly 
stiff right knee. He lacks 20° of full extension actively and 
passively (Fig.  3.1 ) and flexes his knee to 95° only. He has 
substantial coronal plane varus deformity that is fixed in nature. 
His extensor mechanism function and quadriceps strength are 
normal, as is the remainder of his physical examination.  
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 Weight-bearing AP, lateral, and sunrise radiographs of the 
patient’s right knee showed advanced joint space narrowing, 
subchondral sclerosis, and abundant osteophyte formation, 
all consistent with a diagnosis of osteoarthritis (Fig.  3.2 ). As 
the patient had previously undergone exhaustive nonsurgi-
cal treatment and was substantially limited by his pain and 
 stiffness, he was interested in pursuing total knee arthro-
plasty surgery.   

3.2     Diagnosis/Assessment 

 The patient’s history, physical and radiographic findings are 
consistent with the diagnosis of advanced osteoarthritis with 
a fixed varus deformity and flexion contracture. While the 
presence of coronal plane deformity is common in most knees 
requiring total knee arthroplasty, the presence of substantial 
(greater than 15°) flexion contractures is not as common and 
deserves special consideration for operative planning. Such 
flexion contractures need to be addressed during TKA 

  Fig. 3.1.    Lateral picture of the patient’s right knee after surgical 
prep depicting 20° flexion contracture.       
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 surgery to ensure optimal postoperative range of motion, 
normal gait mechanics, and good patient satisfaction. 

 In general, flexion contractures during TKA surgery can 
be managed by utilizing one or a combination of the  following 

  Fig. 3.2.    Preoperative standing AP, lateral, and sunrise views. 
( a ) Standing AP radiograph showing joint space obliteration, 
peripheral osteophytosis, and medial tibial bone loss. ( b ) Lateral 
radiograph showing substantial patellar and posterior femoral 
osteophyte formation, along with posterior translation of the femur 
on the tibia. ( c ) Sunrise radiographs showing patellofemoral osteo-
arthritis with severe peripheral patellar osteophytosis, but appropri-
ate patellar tracking.       
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techniques: (1) Coronal plane balancing with collateral 
 ligament releases as needed; (2) Complete resection of poste-
rior osteophytes and subsequent posterior capsular releasing 
as needed; (3) Resection of additional distal femoral bone; 
and (4) Hamstring muscle tenotomy. While many of these 
techniques are used in combination with one another, each 
case must be taken on an individual basis, as subtle radio-
graphic and physical examination findings can help direct the 
surgeon through the ideal sequence of releases and bone 
resection that result and a well-balanced fully extended knee.  

3.3     Management 

 An initial medial parapatellar arthrotomy was performed for 
exposure, with severe osteoarthritic findings being confirmed 
upon inspection of the joint (Fig.  3.3 ). The extensive patellar 
osteophytes were resected to help enhance patellar mobiliza-
tion, and an extramedullary guide was used to resect approxi-
mately 10 mm of tibial bone referencing the more intact 
lateral tibial plateau (Fig.  3.4 ). A distal femoral resection of 
10 mm was performed (standard resection is 8 mm) (Fig.  3.5 ), 

  Fig. 3.3.    Intraoperative photos. ( a ) Intraoperative photo showing 
hyper-osteophytic knee with extensive peripatellar, tibial, and 
 femoral osteophytes. ( b ) After resection of patellar osteophytes 
the patella was everted, the knee flexed, and the remainder of the 
joint exposed. Posterior medial tibial bone loss is evident and con-
sistent with the patient’s preoperative clinical findings of fixed varus 
deformity.       
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  Fig. 3.4.    Intraoperative photograph after tibial resection of 10 mm 
referencing the intact lateral plateau using an extramedullary tibial 
guide.       

  Fig. 3.5.    Intraoperative photograph showing initial distal femoral 
resection of 10 mm, which is 2 mm greater than the thickness of 
implant on distal femur (8 mm).       
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and the knee balance was assessed in full extension (Fig.  3.6a ). 
A 9 mm equivalent spacer block (minimal composite  implant/
polyethylene thickness) was inserted which revealed tight 
medial space (Fig.  3.6b ), and relative lateral laxity that would 
accommodate a 13 mm equivalent polyethylene (Fig.  3.6c ).     

 The remainder of the femoral cuts were performed, with 
the external rotation of the femoral component being set in 

  Fig. 3.6.    Intraoperative assessment of extension space with spacer 
block. ( a ) Full extension was achieved with the minimal thickness 
spacer block, which represents the composite thickness of the 
implants and the smallest 9 mm polyethylene insert. ( b ) In exten-
sion, the knee was tight medially with no gapping when a valgus 
force was applied. ( c ) The lateral compartment, however, was loose 
and would eventually require a thicker polyethylene to accommo-
date the laxity in this location.       
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alignment with the epicondylar axis, which in this case was 
approximately 4° externally rotated from the posterior con-
dylar axis. Inspection of the posterior joint space revealed 
extensive posterior osteophyte formation (Fig.  3.7a ). A curved 
osteotome was used to resect the posterior osteophytes along 
with some additional posterior condylar bone (Fig.  3.7b, c ). 
A posterior medial release of the tibial semimembranosus 
tendon insertion was also performed, along with a carefully 
titrated pie crusting of the superficial medial collateral liga-
ment with an 18-gauge needle to help balance the knee in the 
coronal plane (Fig.  3.8 ). With the coronal plane balance 
accomplished, the flexion and extension spaces were again 
checked and trial components inserted. A 13 mm polyethyl-
ene insert gave appropriate soft tissue tension in flexion, 
but the knee would not fully extend (Fig.  3.9 ), so a posterior 

  Fig. 3.7.    Posterior joint space after femoral cutting block removed. 
( a ) The flexion space is assessed with the posterior femur elevated. 
Extensive posterior osteophytes are seen along the cut surfaces of 
both posterior femoral condyles. ( b ) A curved osteotome was used 
to resect the osteophytes from the posterior condyles of the femur. 
( c ) Posterior condyles and flexion space after resection of osteo-
phytes. The persistent coronal plane imbalance is evident with the 
medial side being tighter than the lateral.       
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capsular release was performed with electrocautery and a 
Cobb elevator (Fig.  3.10 ). The trial implants were inserted 
again, and the knee would fully extend with a 13 mm 

  Fig. 3.8.    Medial sided releases to help correct coronal plane imbal-
ance. ( a ) A posterior medial release along the tibial joint line includ-
ing semimembranosus insertion along the posterior medial aspect 
of the tibia was performed with electrocautery and Cobb elevator. 
( b ) After posterior medial release, the knee remained tight medially, 
and so a carefully titrated release of portions of the superficial 
medial collateral ligament was performed with an 18-gauge needle, 
a process which achieved excellent coronal plane balance.       

  Fig. 3.9.    Lateral picture with trial implants and a 13 mm polyethyl-
ene liner in place. The knee would not fully extend, but the 13 mm 
liner gave appropriate soft tissue tension in flexion.       
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  Fig. 3.10.    Posterior capsule release. ( a ) View of flexion space after 
coronal plane balancing showing rectangular flexion gap and intact 
posterior capsule. ( b – d ) Cobb elevator showing locations for central, 
medial, and lateral portions of posterior capsular releases (respec-
tively) using electrocautery, and trajectory of Cobb elevator releas-
ing along posterior femur. ( e – g ) Cobb elevator  after  posterior 
capsular release showing extent and trajectory of release in the 
central, medial, and lateral portions of the posterior capsule, 
 respectively.       
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 polyethylene insert (Fig.  3.11 ). The implants were cemented 
into place, and the wound was closed in the usual fashion. 
Prior to application of dressing, the knee would fully extend 
after wound closure and easily flex past 120° (Fig.  3.12 ). 

  Fig. 3.11.    After posterior capsule release, and reinsertion of trial 
components with 13 mm polyethylene, the knee remained well bal-
anced in flexion, and would now fully extend with gravity alone.       

  Fig. 3.12.    Lateral view of knee after closure. ( a ) Full extension was 
achieved with gravity alone, the considerable improvement com-
pared with preoperative state (Fig.  3.1 ). ( b ) Removal of posterior 
osteophytes and patellofemoral osteophytes allowed for substantial 
improvement in knee flexion compared with preoperative motion of 
only 90°.       
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Postoperative radiographs show appropriate alignment of 
total knee components (Fig.  3.13 ).        

 In summary, for the patient presented in this case with a 
20° flexion contracture, fixed varus deformity, and substan-
tial posterior osteophytes, the following sequence of actions 
was taken to help insure good knee balance: (1) Resection 
of an additional 2 mm of distal femoral bone with initial 
distal femur cut; (2) Resection of posterior femoral osteo-
phytes; (3) Coronal plane balancing with extensive posterior 
medial release including semimembranosus insertion and 
slight pie crusting of superficial MCL with an 18-gauge 
needle; and (4) Posterior capsular release with electrocau-
tery and a Cobb elevator.  

  Fig. 3.13.    Postoperative radiographs. ( a ) AP radiograph of knee 
shows normal postoperative changes with neutral mechanical align-
ment on this limited view. ( b ) Lateral radiograph shows appropriate 
tibial and femoral component alignment with removal of all poste-
rior knee osteophytes.       
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3.4     Outcome 

 This 66-year-old gentleman with preoperative flexion 
 contracture and a fixed varus deformity presented in this case 
recovered uneventfully, and was able to maintain full exten-
sion throughout his recovery period. At 4 months postopera-
tive, his range of motion was from 0 to 125° flexion, and he 
was able to ambulate without a limp.  

3.5     Literature Review 

 There is a relative paucity of data in the orthopedic literature 
on the clinical outcome of patients with substantial preopera-
tive flexion contractures prior to TKA, but a few case series 
do exist. Berend and colleagues reported on 52 knees with 
preoperative flexion contractures greater than 20° that were 
managed successfully with less than 10° residual flexion con-
tracture at a mean follow-up of 37 months [ 1 ]. In 60 % of 
these cases, a cruciate retaining prosthesis was used, a PS 
design was used in 30%, and constrained type implants or 
rotating hinge prostheses used in the remaining 14 %. 
Whiteside and Mihalko also reported a large case series of 
542 knees with preoperative contractures greater than 10°. 
The authors reported success in 95 % of the cases and 
emphasized coronal plane ligament balancing and osteo-
phyte removal, rather than posterior capsular releasing and 
additional distal femoral bone resection to help manage flex-
ion contractures, practices that were only required in 3 % and 
2 % of the cases, respectively [ 2 ]. Bellemans and colleagues 
also described their experience with both moderate (15–30° 
preoperative contracture) and severe (greater than 30°) con-
tractures using a process similar to that described in the case 
above, with coronal plane balancing and an initial 2 mm addi-
tional distal femur resection emphasized first, followed by 
posterior capsular releasing, and only then additional distal 
femur resection and hamstring tenotomy [ 3 ]. At 2 years, all 
patients had less than 10° persistent contracture.  
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3.6     Clinical Pearls/Pitfalls 

•     The key to the management of the total knee with a 
 preoperative flexion contracture is not to initially resect 
too much distal femoral bone without first evaluating the 
posterior osteophytes/capsule and the steps that may be 
necessary to balance the knee in the coronal plane.  

•   Excessive distal femoral resection (>4 mm beyond the 
minimum for a given implant system) is not recommended, 
as raising the joint line to that extent affects collateral liga-
ment balance and can lead to mid-flexion instability.  

•   Additionally, over-resection of the distal femur too    soon in 
the total knee process may lead to extension laxity com-
pared with flexion, if the steps taken for coronal plane 
balancing and posterior osteophyte resection lead to a 
greater degree of knee extension than the surgeon antici-
pates. As such, the author recommends an additional 
2 mm distal femoral resection with the initial distal femo-
ral cut, followed by osteophyte resection and coronal 
plane balancing, then posterior capsular releasing prior to 
additional distal femoral resection.  

•   In cases of severe contracture, in addition to these tech-
niques, hamstring tenotomy may be necessary in rare 
circumstances.        
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4.1             Case Presentation 

    A 50-year-old male presented with a several year history of 
progressive left knee pain. Past history is significant for a 
closed tibia fracture in 2010 from a motor vehicle accident 
requiring open reduction and internal fixation. He denied 
any perioperative complications such as prolonged wound 
drainage or antibiotic treatment. Physical examination 
revealed a midline scar over the knee extending into the 
proximal tibia with a passively correctable varus knee 
deformity. His knee range of motion was 0–110°. Radiographic 
evaluation showed advanced posttraumatic tricompartmen-
tal degenerative joint disease with a long laterally based tibial 
plate with multiple distal broken screws (see Fig.  4.1 ). 
Serologic evaluation showed an erythrocyte sedimentation 
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rate (ESR) of 72 mm/h and C-reactive protein (CRP) of 
20.4 mg/L. Knee aspiration revealed a white blood cell count 
of 86 cells/μL with 11 % neutrophils and negative cultures.  

4.1.1     Diagnosis 

 The patient presented with severe posttraumatic arthritis and 
retained hardware. Despite a benign history and knee aspira-
tion, the serologic evaluation was concerning for occult infec-
tion. The knee aspiration, although negative, may be unreliable 
due to the extra-articular nature of the hardware. 
Consideration was made to perform a staged approach to the 
reconstruction with removal of hardware and antibiotic treat-
ment prior to definite reconstruction in anticipation of peri-
prosthetic infection.  

  Fig. 4.1.    ( a  and  b ) AP radiographs reveal posttraumatic arthritis 
with retained lateral tibia locking plate with broken distal cortical 
screws.       
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4.1.2     Management 

 The patient underwent a resection arthroplasty and complete 
removal of the hardware with placement of an articulating 
antibiotic cement spacer (see Fig.  4.2 ). Intraoperative frozen 
sections of the synovial tissue and perihardware tissue 
revealed significant acute inflammation with microabscesses 
consistent with infection. A universal screw removal set and 
high-speed metal-cutting burrs were required for complete 
hardware removal. Intraoperative cultures were negative and 
the patient received 6 weeks of broad-spectrum intravenous 
antibiotics, after which his serologic markers normalized. 
Final reconstruction was performed thereafter using stemmed 
implants to bypass stress risers (see Fig.  4.3 ).    

  Fig. 4.2.    Postoperative AP radiograph with complete hardware removal 
and resection arthroplasty with articulating antibiotic cement spacer.       
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4.2     Literature Review 

4.2.1          Preoperative Considerations 

 Complete evaluation of the posttraumatic knee requires a 
through history of the events surrounding the prior injury, 
surgery, and any perioperative complications. The physical 
examination includes evaluation of prior incisions and 
 baseline range of motion, ligamentous stability, and skeletal 
deformity. Radiographic evaluation consists of a standard 
weight-bearing knee series as well as full-length femur and 
tibia views, if necessary, to visualize hardware completely as 
well as any extra-articular deformities. 

4.2.2     Periprosthetic Infection 

 Periprosthetic joint infection remains a feared complication 
with significant negative implications for the patient and sur-
geon alike. Although the typical incidence of periprosthetic 

  Fig. 4.3.    Postoperative AP radiograph after arthroplasty reconstruc-
tion with long-stem components.       
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infection is quoted as <2 % in the primary setting, this 
 number can exceed 12 % in high risk groups [ 2 ]. Suzuki et al. 
reported that previous open reduction with internal fixation 
and retained internal fixation hardware was found to be an 
independent risk factor to the development of periprosthetic 
joint infections. In contrast to this study, however, Klatte et al. 
found no increased risk of periprosthetic joint infection in 
patients with pre-existing osteosynthesis hardware at 5.4 years 
follow-up of 115 patients they studied [ 3 ]. Regardless, the 
debilitating consequences of periprosthetic joint infections 
require one to maintain a high index of suspicion of occult 
infection in the presence of previous internal fixation. History 
of open fractures, persistent wound drainage, and previous 
antibiotic treatment following ORIF should raise concerns of 
chronic infection. Routine serologic evaluation with a com-
plete blood count, erythrocyte sedimentation rate, and 
C-reactive protein should be obtained. Elevated values and/
or high clinical suspicion should prompt a knee aspiration. It 
is important to recognize, however, that a negative aspiration 
does not eliminate the possibility of an infection of in situ 
hardware, as the hardware may be extra-articular. Additional 
nuclear medicine imaging, such as a white blood cell labeled 
scan, can be of value if the diagnosis is in question. A positive 
infection workup, or high clinical suspicion, should trigger a 
two-stage approach with complete hardware removal, thor-
ough debridement, and tailored intravenous antibiotic treat-
ment. The arthroplasty procedure should be delayed until 
infection has been ruled out or resolved.   

4.3     Surgical Planning 

4.3.1     Hardware Management 

 As a general rule, we recommend removing symptomatic 
hardware or that which interferes with the preparation for, 
or implantation of, the total knee arthroplasty. Complete 
removal is often unnecessary in many instances. In general, 
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this can be accomplished in a single-stage operation. This 
allows for less surgical morbidity, decreased soft tissue dis-
section, and prevents creation of unnecessary stress risers. 
When multiple incisions are anticipated for hardware 
removal, a staged approach should be entertained to allow 
the soft tissues to heal prior to the arthroplasty procedure. 
In order to facilitate hardware removal, complete under-
standing of implants in place, their location, and any post-
traumatic deformities should be part of the surgical 
planning. To do so, full- length radiographic evaluation of 
the tibia and femur is often required. In addition, previous 
operative reports can clarify what specific implants are in 
place, so that appropriate removal sets can be requested. 
Often, however, the hardware is unidentified or damaged 
and one must therefore be equipped with comprehensive 
hardware extraction sets. A universal screw removal set 
and high-speed cutting burrs (e.g., Midas Rex) can facili-
tate hardware extraction and should be available (see 
Fig.  4.1b ). The presence    of hardware does not simply pro-
vide an obstacle in its removal, but also in implant selec-
tion for the arthroplasty.  

4.3.2     Implant Selection 

 Part of the surgical planning is anticipating the need for revi-
sion implants. As aforementioned, hardware removal fre-
quently creates stress risers. One must anticipate bone loss 
associated with prior fracture that may require use of either 
metallic or bone augments. In such settings, stem augmenta-
tion is recommended to support deficient bone and bypass 
the stress risers. As Brooks et al. found, a long cemented tibial 
stem has been shown to carry 23–38 % of the axial load and 
thus reduce the stresses about the periarticular bone or aug-
ments [ 4 ]. Similarly, extra-articular nonunions and malunion 
corrections can also be bypassed with stemmed components 
(see Fig.  4.4 ). In unique cases, standard revision implants may 
not provide appropriate reconstruction. Distal femoral 
replacement often offers the best alternative for severe distal 
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femur bone deficiency and allows for immediate weight 
 bearing (see Fig.  4.5 ).   

 The posttraumatic knee often presents with ligamentous 
laxity, rigid deformities, and arthrofibrosis that may often 
require significant releases for ligament balancing and defor-
mity correction. One must be prepared to address instability 
with constrained varus-valgus implants as we have found 
that, in this setting, predictable soft tissue balancing is often 
unachievable. It is important to remember to use the lowest 
level of constraint that still provides a stable, balanced knee.   

4.4     Intraoperative Considerations 

 In patients with retained hardware that must be partially or 
completely removed, incision design and soft tissue handling 
becomes critically important. Surgical principles must be 

  Fig. 4.4.    AP radiograph showing a long cemented stem bypassing a 
distal malunion correction.       
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respected in order to avoid wound-healing complications. 
Sharp dissection, full thickness flaps, adequate skin bridges 
between incisions, avoidance of extensive undermining, and 
aggressive skin retraction are all part of proper soft tissue 
handling. In patients with multiple incisions, we recommend 
use of the most lateral incision to help preserve the dominant, 
medial, supply to the area [ 5 ]. 

 If any doubt arises intraoperatively with regard to the 
viability of the skin flaps, the operation should end upon 
hardware removal and the arthroplasty completed in a staged 
fashion once the soft tissue has healed. Consultation with a 
plastic surgeon preoperatively may be warranted for certain 
cases with questionable wound-healing potential, so that 
adequate coverage can be planned and discussed with the 
patient. 

 Posttraumatic knees are often very stiff which makes the 
surgical exposure difficult. The incidence of intraoperative 
extensor mechanism disruption has been reported to be as 
high as 8 % [ 6 ]. Therefore, the liberal use of an extensile 
approach is warranted. Massin et al. reported a need for 

  Fig. 4.5.    ( a ) AP radiograph showing periprosthetic distal femur 
fracture with intra-articular extension and compromised bone stock. 
( b ) AP radiograph after reconstruction with distal femoral replace-
ment.       
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a tibial tubercle osteotomy in 35 % of patients with 
 posttraumatic arthritis with significant flexion limitations [ 7 ]. 
The authors’ preferred extensile approach, when appropriate, 
is the quadriceps snip. 

 Another important intraoperative consideration is whether 
conventional instrumentation can be used effectively in the 
presence of hardware that violates the intramedullary canal 
(see Fig.  4.6 ). Previous reports have shown high midterm 
aseptic failure rates (26 %) in total knees performed for post-
traumatic arthritis knees due to malalignment [ 8 ]. Computer 
navigation is an attractive alternative in order to improve 
component alignment and avoid significant and unnecessary 
hardware removal. Not only can computer-assisted surgery 
(CAS) help navigate intramedullary hardware, but it can also 
help with extra-articular deformities that make intramedul-
lary guides unreliable. Fehring et al. found that the use of 

  Fig. 4.6.    ( a ) Full-length radiograph showing intramedullary hard-
ware preventing use of traditional intramedullary instrumentation 
requiring use of computer-assisted navigation. ( b ) AP radiograph 
following CAS total knee arthroplasty.       
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CAS reliably resulted in proper alignment of the femoral 
component to within 3° of the mechanical axis in 16 of 17 
patients they studied for whom traditional intramedullary 
guides could not be used [ 9 ].   

4.5     Results 

 The goals of arthroplasty in the setting of posttraumatic 
arthritis with retained hardware are identical to those in an 
injury-naïve knee, namely restoration of the mechanical axis 
and creation of a stable joint with appropriately positioned 
implants. While it is possible to achieve these goals, it is well 
established such patients are at increased risk of intraopera-
tive and postoperative complications and an inferior clinical 
outcomes. Weiss et al. reported a 26 % complication rate fol-
lowing total knee arthroplasty after prior tibial plateau frac-
ture including stiffness, wound dehiscence, deep infection, 
and patellar tendon rupture [ 6 ]. Lonner et al. reported a 57 % 
complication rate following total knee arthroplasty for post-
traumatic knees, including aseptic failure, septic failure, patel-
lar tendon rupture, and patellar maltracking [ 8 ]. Furthermore, 
Weiss et al. reported that in patients with a history of femur 
fracture, only 52 % of their cohort had restoration of limb 
alignment, correction of the deformity, and ideal component 
positioning. In their patients with previous tibial plateau frac-
tures, that percentage increased to 77 % [ 6 ,  10 ]. 

 Despite predictable improvements, the functional out-
comes of total knee arthroplasty for posttraumatic knees are 
modest compared to expected improvements after a primary 
total knee arthroplasty for the typical osteoarthritic patient. 
Lonner et al. reported only 58 % good to excellent functional 
scores [ 8 ] while Weiss et al. reported good to excellent results 
in 77 %, fair in 11 %, and poor in 11 % in their series [ 10 ]. The 
biggest gains in the clinical scores appear to be in pain relief. 

 Though TKAs in the posttraumatic knee with retained 
hardware are a suitable option to improve function and pain, 
they require a thorough understanding of the surgical pitfalls. 
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The reconstruction is technically demanding and associated 
with a higher complication and reoperation rate. Proper sur-
gical planning and execution must be paired with a preopera-
tive discussion about realistic postoperative outcomes with 
the patient.     
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5.1             Case Presentation 

 A 70-year-old female who sustained an osteoporotic  proximal 
tibia fracture approximately 5 years prior to presentation. 
This was treated with an ORIF that failed and fixation was 
revised with an intramedullary nail. The fracture healed with 
a varus malunion. She subsequently developed posttraumatic 
arthritis of her left knee. She has failed comprehensive con-
servative management of her knee arthritis. 

5.1.1     Diagnosis/Assessment 

 Physical exam revealed an antalgic gait favoring the left side, 
with a mild varus thrust. There was minimal visible varus 
deformity of the tibia but the patient had an overall varus 
alignment of bilateral lower extremities, left much greater 
than the right. She had a well-healed midline incision over 
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her left knee, no erythema or drainage, and no knee effusion. 
Her left knee range of motion was 0–110° with no extensor 
lag. The left knee deformity is correctable and her knee is 
ligamentously stable. Radiographs reveal an IM nail in her 
left tibia, with a broken proximal locking screw, varus mal-
union of the proximal tibia, Kellgren-Lawrence stage 4 
medial compartment osteoarthritis, patellofemoral arthritis, 
and patella baja (Figs.  5.1  and  5.2 ). Due to previous surgery 

  Fig. 5.1.    Preoperative long-standing film showing preoperative plan.       
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and the patient report of a nonunion, she was screened for 
infection with an ESR and CRP and scheduled for left total 
knee arthroplasty.    

5.1.2     Management 

 Patient underwent left lower extremity hardware removal 
and total knee arthroplasty in a single surgery. The varus 
deformity was significant and the superficial MCL was 
released in order to balance the knee. A larger than normal 
polyethylene insert was needed to fill the flexion and exten-
sion gaps after the aggressive medial release. We were pre-
pared to increase the constraint, but this was not necessary. 
The deformity was corrected intra-articularly without the use 
of computer navigation or the requirement for extra-articular 
correction.  

  Fig. 5.2.    Preoperative lateral film.       
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5.1.3     Outcome 

 The patient recovered uneventfully following our standard 
TKA postoperative protocol. She is doing well with a liga-
mentously stable knee and a postoperative range of motion 
of 0–105° (Figs.  5.3  and  5.4 ).     

5.2     Literature Review 

 Lower extremity extra-articular deformity can occur due to 
prior trauma, surgery, metabolic bone disease, or congenital 
malformations. It can be complicated by many things, such as 
previously placed hardware and prior incisions. These interfere 
with instrumentation and alter landmarks. Long-standing 
deformity leads to soft tissue contractures requiring releases. 

  Fig. 5.3.    Postoperative AP film showing intra-articular correction.       
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The goals of performing a TKA in a person with extra-articular 
 deformity are the same as those for a TKA with the diagnosis 
of idiopathic osteoarthritis. One needs to establish a neutral 
mechanical axis and a ligamentously balanced and stable knee 
throughout a functional arc of motion. In general, deformities 
of the femur are more difficult to deal with than deformities of 
the tibia due to the intramedullary instrumentation of the 
femur used with conventional instrumentation. 

 When faced with these challenging cases, there are a few 
basic principles that need to be addressed. Most importantly 
the patient needs to be counseled on the increased risk of 
complications and decreased functional outcomes of these 
surgeries compared to primary cases. Full-length extremity 
films need to be obtained to preoperatively plan for defor-
mity correction and a CT may be considered to evaluate 
rotational deformity. Indolent infection should be ruled out 
with screening labs (ESR and C-reactive protein) and possi-
ble joint aspiration if serologies are elevated or there is a high 
clinical suspicion for infection. Hardware removal does not 

  Fig. 5.4.    Postoperative lateral film.       
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need to be staged with the exception of a diagnosed infection 
and only the hardware that interferes with surgery should be 
removed. If possible, previous incisions should be used and 
old incisions should be crossed at right angles. 

 The first decision that needs to be made is if the deformity 
is correctable with intra-articular bony cuts and ligamentous 
releases or is an extra-articular correction required. The 
amount of correction needed is positively correlated to the 
severity of the deformity and inversely correlated to the dis-
tance of the deformity from the joint line [ 1 ]. A small defor-
mity of the proximal femur is more easily corrected than a 
large deformity of the distal femur. Intra-articular correction 
is the most desirable scenario because it is more familiar to 
the surgeon and more efficient. A previous study has deter-
mined that intra-articular correction is possible if the bony 
resection is <20° in the femoral coronal plane, <25° in the 
femoral sagittal plane, and <30° in the tibial coronal plane [ 2 ]. 
Most importantly however, these resections should not com-
promise the insertions of the collateral ligaments. Intra- 
articular correction also eliminates problems associated with 
an osteotomy, which are discussed later. The decision of intra 
vs. extra-articular correction is based on the amount of cor-
rection desired and determined on the full-length standing 
hip-knee-ankle film. If the    amount of bony resection will 
compromise the insertions of the collateral ligaments, then an 
extra-articular osteotomy is necessary. 

 Extra-articular osteotomies allow a larger correction but 
bring about the possibilities of osteotomy nonunion and 
decreased weight-bearing status that may interfere with 
rehabilitation after TKA. Osteotomies may also require 
additional incisions in an already poor soft tissue envelope. 
The traditional operative procedure is a two-stage approach 
of osteotomy and fixation followed by TKA after the oste-
otomy has healed (Figs.  5.5 ,  5.6 ,  5.7 ,  5.8 ,  5.9 , and  5.10 ). Some 
surgeons have attempted a one-stage surgery with intraop-
erative computer navigation with mixed results [ 3 – 5 ]. Older 
studies warn that simultaneous surgery produces inferior 
outcomes [ 6 ,  7 ]. Most of these surgeries were performed 
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  Fig. 5.5.    Preoperative AP film showing significant coronal plane 
deformity of both femur and tibia.       

  Fig. 5.6.    Preoperative lateral film showing minimal sagittal plane 
deformity.       
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  Fig. 5.7.    Postoperative AP film showing medial opening wedge 
 osteotomy.       

  Fig. 5.8.    Postoperative lateral film of osteotomy.       
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without computer navigation assistance or stemmed implants. 
One computer-assisted study evaluating a subset of proce-
dures that required a simultaneous osteotomy (3/40 TKAs) 
showed no outcome differences or increase in complications 
[ 3 ]. Worse outcomes and increased complications have been 
shown when simultaneous surgery is performed without 
navigation [ 4 ].       

 At times hardware is already placed due to previous frac-
ture fixation. Removing the hardware from a united distal 
femur or proximal tibia fracture would create stress risers 
from screw tracts and may necessitate additional incisions for 
hardware removal. The femoral canal may be ablated due to 
fracture healing making the placement of intramedullary 
instrumentation difficult. Only the hardware that interferes 

  Fig. 5.9.    Postoperative AP film showing TKA approximately 5 years 
after osteotomy.       
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with component placement should be removed. For instance, 
the distal screws in a proximal tibial plate and the plate itself 
may be left in place to avoid creating a stress riser. 

 In the setting of previous hardware placement (especially 
in the femur) or a circuitous femoral canal, computer-assisted 
navigation can be utilized. Multiple studies and meta- analyses 
show that navigation improves mechanical alignment in rou-
tine TKA vs. conventional instrumentation [ 8 – 10 ]. This 
 technology negates the need for hardware removal or intra-
medullary femoral instrumentation and as a result is extremely 
advantageous in the setting of extra-articular deformity. When 
no osteotomy is required, the surgical technique is very similar 
for computer-assisted primary TKA. If an osteotomy is per-
formed, the femoral array should be placed proximal to the 
osteotomy and be unicortical to avoid hardware or stemmed 
components [ 11 ]. There have been no direct outcome studies 
comparing computer-navigated TKA with conventional 

  Fig. 5.10.    Postoperative lateral film showing TKA.       
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instrumentation in the setting of  extra- articular deformity, 
with or without osteotomy. Most case series utilizing computer-
assisted navigation have reported very favorable radiographic 
outcomes with and without osteotomy [ 3 ,  12 – 14 ]. A few stud-
ies also reported improvement in function and pain scores 
postoperatively [ 14 ,  15 ]. Similarly, one of the most recent 
 studies shows increase in knee range of motion and Knee 
Society Scores after TKA utilizing intra-articular correction 
only, without using computer navigation [ 16 ]. 

 Similar to computer-assisted navigation, custom-made cut-
ting guides have the advantage of avoiding instrumentation 
in the femoral canal and the corresponding benefits listed 
previously. One of the pioneers of this technique states that 
absolute indications for custom-made cutting guides include 
extra-articular deformities, retained hardware, and difficul-
ties with intramedullary instrumentation [ 17 ]. It is also pos-
sible to produce a computer model of the limb post-osteotomy 
and use this technology in a one-stage surgery. The inherent 
problem is the actual surgical osteotomy would have to very 
closely approximate the preoperative model to avoid errors 
in mechanical alignment and rotation. Another possible 
 limitation is previously placed surgical hardware interfering 
with the preoperative scan used to produce the computer 
model. To date there have been no outcome studies using 
these guides in the setting of extra-articular deformity. 

 No matter what technology is used to perform the TKA, if 
the patient had a previous open surgery on the same extrem-
ity, it is pertinent to consider the use of antibiotic impreg-
nated bone cement. Hybrid cement fixation of stemmed 
components has also shown improved survivorship [ 18 ]. 
Extensive preoperative planning cannot be stressed enough.  

5.3     Conclusion 

 TKA in the setting of extra-articular deformity is a challenging 
problem. The surgical difficulty is much greater than a primary 
TKA. Exhaustive preoperative planning is imperative for a 
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successful outcome. A critical decision involves whether the 
deformity can be corrected intra-articularly with the bone cuts 
and ligamentous releases or require extra-articular correction 
with an osteotomy. The patient should be warned of increased 
risks and decreased outcomes as well as screened for indolent 
infection. The use of computer assistance, especially in the setting 
of femoral deformity, is extremely valuable.  

5.4     Clinical Pearls/Pitfalls 

•     Patients must be appropriately counseled and screened for 
infection.  

•   Intra-articular correction is more familiar to surgeons and 
eliminates possible complications from osteotomies.  

•   The closer the deformity is to the involved joint, the more 
difficult intra-articular correction becomes and often 
requires extra-articular correction.  

•   Preoperative planning (obtaining previous operative 
reports and implant records) is imperative for a successful 
outcome.  

•   Hardware removal can be done in the same surgery, with 
the exception of diagnosed infection.  

•   Computer-assisted navigation is a valuable tool in the set-
ting of TKA with extra-articular deformity.        
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6.1             Case Presentation 

    A 48-year-old Caucasian female presented with a lifelong 
 history of right lower extremity deformity related to exten-
sive hemangiomas and right knee pain. She had developed 
several years of progressive varus deformity and pain related 
to degenerative arthritis of the left knee (Fig.  6.1 ). She had 
failed conservative interventions and was referred for discus-
sion of total knee arthroplasty.  

 The patient was born with a large cavernous hemangioma 
of the right lower extremity involving the entirety of the thigh, 
lateral and anterior aspect of the knee and extending to the 
proximal tibia. She had previous treatment with radiation 
therapy and seven surgical procedures including a cross- leg 
flap from the posterior calf of the left leg to provide skin cov-
erage over the anterior right knee. This resulted in a large, 
bulbous flap approximately 15 cm in diameter (Fig.  6.2 ). As a 
result of her radiation therapy, extensive dense scar extended 
from the lateral hip down to the lateral calf. At the level of the 
knee, this scar tissue was primarily posterolaterally located 
and was associated with a 20° hard flexion contracture of the 
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  Fig. 6.1.    ( a ) Long-standing radiograph of bilateral knee osteoarthri-
tis. ( b ) Preoperative lateral radiograph of right knee with distal 
femoral malunion.       

  Fig. 6.2.    ( a ,  b ) Photographs of lateral and posterolateral external 
scarring and prior cross-leg flap to anterior right knee.       
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knee (Fig.  6.2b ). In the distribution of this scar tissue, the 
patient had developed severe hypersensitivity that had been 
diagnosed as complex regional pain syndrome (CRPS).  

 Other than her musculoskeletal issues, the patient was 
healthy and had a BMI of 28. She had neutral alignment of 
the right knee and a 20° flexion contracture (ROM from 20 
to 50°). There was no opening laterally with varus stress as 
the knee had developed a severe posterolateral based exter-
nal scar contracture. There was an intact extensor mecha-
nism and she had intact sensation and palpable pulses in the 
right foot.  

6.2     Diagnosis/Evaluation 

 Initially, we discussed with this patient the surgical options of 
above knee amputation, fusion, and arthroplasty. We had the 
patient meet with several local amputation patients, with 
prosthetists, and with our orthopedic oncology partners for a 
second opinion. We met with the patient several times over 
a 7-month period while she was investigating her surgical 
options. We counseled her that there was considerable risk of 
worsening her pre-existing complex regional pain syndrome 
and that flap and skin necrosis may occur. We discussed with 
her that if her soft tissue necrosis did occur, this may lead to 
the need for free flap coverage or even above knee amputa-
tion if she were to develop periprosthetic joint infection. 
After extensive informed consent, the patient elected to 
proceed with total knee arthroplasty with the soft tissue 
management plan of a midline incision through her existing 
cross-leg flap. 

 A preoperative consultation with a plastic surgeon was 
obtained to evaluate the tissues about the knee and vascular 
surgeons to evaluate the status of the large hemangiomas in 
the right lower extremity. An MRI was performed showing 
diffuse venous vascular malformation extending from the 
right hemipelvis to below the knee. There were extensive 
hemangiomas in the anterior and posterior right thigh com-
partments and very mild osseous involvement in the mid 
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femoral shaft (Fig.  6.3 ). Intra-articularly, there was only 
suprapatellar pouch involvement with minimal involvement 
of the lateral knee or articular surfaces.  

 The preoperative evaluation with the vascular surgeons 
revealed that since the majority of the vascular malforma-
tions were in the posterior thigh and did not involve the 
articular surfaces of the knee, that total knee arthroplasty 
would be reasonable. The plastic surgeons advised that with a 
cross-leg flap there was no specific pedicle to preserve and 
thus recommended a longitudinal full thickness incision 
through the midline of this flap with elevation of full thick-
ness subfascial flaps medial and lateral. We discussed lifting 
the flap from the lateral most aspect to follow the general 
principle of using prior lateral based incisions. However, as 
this knee had undergone prior skin grafting and irradiation, 
there was abundant scar along the interface between the flap 
and lateral skin. Additionally we were concerned that if we 
had to elevate the entire flap from the lateral side that we 
may disturb the blood supply to the majority of the flap and 
lose our coverage over the entire anterior knee.  

  Fig. 6.3.    Sagittal ( a ) and coronal ( b ) MRI imaging of vascular mal-
formations of right thigh and periarticular region.       
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6.3     Management and Treatment Options 
of Complex Skin Issues 

 Preoperative evaluation of the TKA patient should always 
involve a close examination of the soft tissues. The presence 
of prior incisions or scarring should prompt a discussion of 
prior surgical interventions or trauma and when they 
occurred. It is often felt that old incisions can be ignored in 
the setting of TKA; however, if any prior longitudinal incision 
is ignored, the consequences can be devastating as seen in the 
clinical photos in Fig.  6.4  of a patient 6 weeks after a new 
medial incision was made in the setting of an ignored 20 years 
old lateral based incision. The majority of blood supply to the 
anterior skin around the knee comes from terminal branches 
of a peripatellar anastomotic ring of arteries in the subcuta-
neous fascia, most of which enters from the medial side. 
Therefore, flap formation over the anterior knee should be 
performed deep to the subcutaneous fascia to avoid disrupt-
ing this blood supply. If multiple prior longitudinal incisions 
exist, the lateral most incision should be utilized whenever 
possible so as to minimize the size of vulnerable lateral flap. 
If prior oblique, or transverse incisions exist, these can most 
safely be approached at 90° angles to limit the risk of necrosis 
in the corners where these incisions meet. In general, angles 
of less than 60° between a prior oblique incision and the new 
proposed incision should be avoided.  

  Fig. 6.4.    ( a ,  b ) Photographs of knee with skin necrosis after midline 
incision made adjacent to prior lateral incision.       
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 When performing incisions on knees with prior flaps, the 
source of blood supply needs to be considered. Preoperatively, 
the type of prior flaps and their potential pedicles should be 
investigated through discussion with plastic surgeons, reading 
prior operative reports, and possible advanced imaging to 
assess blood supply to the flap. 

 Soft tissue expanders may be indicated if periarticular skin 
is compromised by multiple prior crossing incisions, flaps, or 
severe deformity preventing skin mobilization and coverage 
after the reconstruction is performed. Expanders are gener-
ally utilized for a period of 8–10 weeks with injection of saline 
into a subdermal port and have yielded favorable long-term 
results [ 1 ]. Typically, patients with prior skin graft, irradiated 
tissue, or densely adherent scar tissue are contraindicated for 
soft tissue expansion and may require flap coverage prior to 
their arthroplasty procedure. In our case, our patient did have 
a prior flap and we considered using a soft tissue expander 
preoperatively, but due to the fact that she also had some 
areas of skin grafting, irradiated tissues, and adherent scar 
tissue, we elected to avoid expansion. 

 Historically, sham    incisions were utilized to determine 
viability of soft tissues to heal prior to implantation of com-
ponents. Planned incisions were performed down to the reti-
naculum and then closed and allowed to heal for several 
weeks to evaluate the healing potential of the tissue. 
Unfortunately, if the sham incision fails to heal, then flap 
coverage may be necessary and this technique has thus fallen 
out of favor.  

6.4     Surgical Technique 

 We started this case without inflation of the tourniquet so 
that we could better visualize any superficial hemangiomas 
and to better assess the bleeding in our cross-leg flap as we 
performed the superficial dissection. Our plastic surgery 
team assisted intraoperatively with exposure in this case; the 
skin incision was an anterior midline incision directly through 
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the cross-leg flap and there was good bleeding from both the 
medial and lateral flap edges. Full thickness flaps were devel-
oped with attached subcutaneous fascia beneath permitting 
exposure for a standard medial parapatellar arthrotomy. 
Nylon suture was used to maintain the dermal, subcutaneous 
and subcutaneous fascial layers as one flap; these were 
sutured to wet laps on each side and then sutured back and 
secured to the skin to permit retraction without trauma from 
rigid retractors and to prevent drying out of the flaps. 

 The tourniquet was then inflated and the medial parapa-
tellar arthrotomy was performed. As predicted by the pre-op 
MRI, we did encounter several small hemangiomas in the 
region of the suprapatellar pouch and superficial soft tissues 
proximal to the patella and these were ligated without signifi-
cant bleeding. The vascular surgery team was available 
should large cavernous hemangiomas be encountered. 

 Severely limited flexion necessitated a quadriceps snip in 
order to adequately flex the knee for exposure. We then 
 performed a gap-balanced total knee arthroplasty starting 
with a computer-navigated distal femoral cut due to the vas-
cular abnormalities involving the femoral bone and her prior 
malunited distal femur fracture. Due to severe posterolateral 
external soft tissue scar contractures the posterolateral cor-
ner, IT band, and LCL were released and we still had signifi-
cant posterolateral tightness in extension necessitating a 
varus-valgus constrained polyethylene liner (Fig.  6.5 ). Motion 
after re-approximation of the quad snip and release of the 
tourniquet was 10–70°  

 Our plastic surgery colleagues then assisted with superfi-
cial closure in layers after arthrotomy closure. A hemovac 
drain deep to the arthrotomy closure and a flat JP drain 
superficial to the arthrotomy layer were placed. Both the 
medial and lateral aspects of the cross-leg flap were found to 
have adequate capillary refill and bleeding skin edges at the 
time of closure. The knee was placed into a bulky dressing 
and knee immobilizer. The plastic surgeon emphasized maxi-
mizing soft tissue perfusion postoperatively by keeping the 
patient’s room warm and avoiding caffeine, cooling blankets, 
constrictive ace wraps, and TED hose.  
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6.5     Outcome 

 Postoperatively, the patient had excellent pain relief and 
noted an improved sense of stability. On post-op day 2, the 
lateral aspect of the cross-leg flap developed some blistering 
and epidermolysis while some skin edge necrosis developed 
along the incision edges at the distal aspect of the cross-leg 
flap. The plastics team felt that an incisional wound VAC 
over the skin incision and hyperbaric oxygen therapy would 
aid in vascularization of these areas. An incisional wound 
VAC was placed over the distal incision and this was left in 
place for approximately 10 days. The patient received hyper-
baric oxygen treatments over the next 6 weeks. Dry eschars 
formed in the lateral skin where the epidermolysis had 
occurred and along the edges of the skin incision without 
any gross evidence of infection (Fig.  6.6 ). There was no 
drainage and the patient did not have any increasing pain. 

  Fig. 6.5.    ( a ,  b ) Postoperative radiographs of right TKA showing 
stemmed constrained components in good alignment.       
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We left these dry eschars in place and allowed the patient to 
begin gentle range of motion limited to about 45° of flexion 
after 4 weeks  post- op. The patient had complete normaliza-
tion of her inflammatory markers by 4 weeks post-op (ESR 
10, CRP 0.2). Healthy granulation tissue developed beneath 
these eschars and the patient went on to successful wound 
healing.   

6.6     Literature Review 

 As is highlighted with this complex case, thorough preopera-
tive planning and a multidisciplinary team approach to both 
the intraoperative and postoperative care are often necessary 
to successfully perform an arthroplasty in knees with difficult 
skin or prior incisions. Inadequate preparation can lead to 
soft tissue necrosis, need for soft tissue coverage procedures, 
infection, extensor mechanism disruption, and possibly the 
need for amputation. As already emphasized, in difficult soft 
tissue cases it is essential to carefully plan out the skin inci-
sion to be used and to understand when soft tissue expansion 
may be necessary. 

 The use of soft tissue expanders has shown successful long- 
term results in knees at risk for problematic wound healing. 
In a series of 28 knee arthroplasties after soft tissue expan-
sion with mean follow-up of almost 3 years, Manifold et al. 

  Fig. 6.6.    ( a ,  b ) Photographs showing dry eschar formation 1 month 
after surgery.       
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found no major wound complications after the total knee 
arthroplasties and average Knee Society Score of 83.7 [ 1 ]. 
They did find 21 % minor wound complications during the 
expansions and 18 % after the arthroplasties. One major 
wound complication of skin necrosis did occur during expan-
sion in a patient with history of prior radiation to the skin. 
This patient required skin grafting and did not go on to sub-
sequent arthroplasty. 

 If skin necrosis does occur postoperatively, a variety of 
techniques exist to aid in coverage; however avoiding soft tis-
sue complications in the first place is ideal. Most of the knee 
can be covered with either a medial or lateral gastrocnemius 
muscle rotation flap. However, free muscle flap coverage may 
need to be considered if coverage needs to be obtained 
 proximal to the patella. The successful use of medial gastroc-
nemius rotation flaps and free flaps for prophylactic treat-
ment of adherent skin and scar to the underlying bone prior 
to performing primary total knee arthroplasty has been 
described [ 2 ]. When skin necrosis does occur after total knee 
arthroplasty, prompt soft tissue coverage to prevent develop-
ment of deep infection is often necessary. Medial gastrocne-
mius flaps are often the workhorse in providing coverage for 
skin necrosis over the patella and patellar tendon and these 
have shown good clinical success [ 3 ]. Necrosis overlying the 
patellar tendon usually necessitates flap coverage to avoid 
infection to the underlying patellar tendon, whereas necrosis 
over the patella itself can occasionally be successfully treated 
with local wound care and skin grafting [ 4 ]. Skin necrosis that 
develops proximal to the patella may necessitate free flap or 
fasciocutaneous flap coverage. More recently, the distally 
based pedicled gracilis flap has been described to successfully 
treat superolateral skin defects after TKA where free flap 
coverage would have traditionally been recommended [ 5 ]. 

 As discussed in this case, hyperbaric oxygen therapy has 
been successfully utilized for the salvage of necrotic skin or 
flaps and prevention of deep infection in the plastic surgery 
literature [ 6 ]. In a swine model, hyperbaric oxygen therapy 
led to significant enhancement of skin flap survival [ 7 ]. While 
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not described in the arthroplasty setting, this has been 
 successfully utilized to salvage a necrotic flap in breast recon-
struction procedures with underlying silicon implants [ 8 ].  

6.7     Clinical Pearls/Pitfalls 

•     Carefully consider all skin and soft tissue vulnerabilities in 
TKA preoperative planning.  

•   Understanding unique and typical vascular anatomy is key 
to preserving blood supply to native skin and any prior 
flap coverage.  

•   Skin flap formation over the anterior knee should be per-
formed deep to the subcutaneous fascia to avoid disrupt-
ing the blood supply.  

•   If multiple prior longitudinal incisions exist, the lateral 
most incision should be utilized whenever possible.  

•   In general, angles of less than 60° between a prior oblique 
incision and the new proposed incision should be avoided.  

•   Soft tissue expanders may be indicated if periarticular skin 
is compromised by multiple prior crossing incisions, flaps, 
or severe deformity preventing skin mobilization.  

•   There should be a low threshold to utilize a multidisci-
plinary team to help co-manage difficult soft tissues, 
including plastic surgery and vascular surgery.        
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7.1             Case Presentation 

    A 54-year-old male with a past medical history significant for 
hepatic failure secondary to alcohol abuse presented with 
end-stage degenerative joint disease of the knee that had 
failed nonoperative treatment. His BMI was 32 and other 
medical comorbidities included hypertension and hypercho-
lesterolemia. As part of his preoperative education, it was 
explained to him that given his hepatic failure, he was at 
higher risk for postoperative complications [ 1 ]. The patient 
was seen by his hepatologist in addition to a specialist in 
internal medicine preoperatively for optimization prior to 
total knee arthroplasty (TKA). 

 The patient underwent a cemented, cruciate retaining 
TKA with antibiotic loaded cement (used by the author 
selectively in patients felt to be at higher risk for peripros-
thetic joint infection), and his immediate postoperative 
course was uncomplicated. He was discharged to home on 
postoperative day number three. The patient presented on 
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postoperative day 19 with concerns regarding erythema 
around the incision (Fig.  7.1 ). He denied any constitutional 
symptoms or wound drainage.   

7.2     Diagnosis 

 In some cases the diagnosis of a deep periprosthetic joint 
infection will be straightforward, with purulent drainage from 
the incision or dehiscence of the wound making the diagnosis 
clear. In many other cases, however, it is less obvious if the 
patient has a superficial wound cellulitis that can be managed 
nonoperatively, if deep PJI exists, or if there is no infection 
present at all. Normal postoperative pain and inflammation 
around the surgical site make normal cues to diagnosis less 
helpful. 

 In these cases, we have found the serum C-reactive protein 
(CRP) to be an excellent screening test to determine if an 
aspiration of the knee is warranted [ 2 ]. Specifically, in a study 

  Fig. 7.1.    Clinical appearance of the wound on postoperative day 19.       
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of 146 knees that were evaluated at two centers for deep PJI 
in the first 6 weeks postoperatively, the serum CRP was 
found to have excellent overall accuracy at an optimal cutoff 
value of 95 mg/L (normal, <10 mg/L). Hence, if there is any 
concern regarding infection in the early postoperative period, 
we always obtain a serum CRP. If the value is above or any-
where near 100 mg/L (100 being easier to remember than 95), 
an aspiration of the knee is performed. In general, the aspira-
tion should be performed through an area that is clear of 
erythema, if possible. 

 Fluid obtained at the time of aspiration should be sent for 
a synovial fluid white blood cell (WBC) count and differen-
tial to determine the percentage of polymorphonuclear cells, 
as well as for culture. Prior work from our center has shown 
the utility of these tests for the diagnosis of  CHRONIC  PJI 
with optimal cutoff values of 3,000 WBC/μ[mu]L and 80 % 
for the differential [ 3 ]. However, in the acute postoperative 
phase, defined as within the first 6 weeks after surgery, the 
work referenced above [ 2 ] suggests optimal synovial WBC 
count and differential values of approximately 10,000 WBC/
μ[mu]L and 90 %, respectively. More specifically, the data 
suggested an even higher cutoff value of 27,800 WBC/μ[mu]
L to optimize specificity (good rule in test) and 10,700 WBC/
μ[mu]L to optimize sensitivity (good rule out test). In  practice 
I prefer to use the lower threshold number of 10,000 WBC/
μ[mu]L. Thus, synovial fluid white blood cell counts below 
10,000 WBC/μ[mu]L are considered as not infected, while 
values above are deemed infected, particularly if the differen-
tial is greater than 90 % polymorphonuclear cells. Of note, 
the synovial fluid white blood cell count and differential val-
ues actually change over time [ 4 ]. However, in my own expe-
rience, the majority of patients where there is concern over 
infection typically present within the first 6 weeks after their 
surgery. In cases, where the values are equivocal or if the cli-
nician is just not sure, cultures can be observed and a final 
decision made based upon their result. 

 To avoid confusion on diagnosis for any infection, it is 
imperative that antibiotics be withheld until an aspiration of 
the knee joint is performed [ 5 ]. The administration of 
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 antibiotics prior to a thorough evaluation for infection, while 
tempting, can greatly confuse the diagnosis. Not only will    the 
deep culture results potentially be compromised, but also 
because the effect of antibiotic treatment on the synovial 
fluid WBC count and differential as well as serum markers of 
PJI is not well understood. Furthermore, antibiotic adminis-
tration prior to obtaining synovial fluid for culture is the 
strongest risk factor for culture negative PJI [ 6 ], which typi-
cally leads to suboptimal antibiotic treatment as the offend-
ing pathogen can no longer be identified or its antibiotic 
sensitivities determined. This inability to identify the infect-
ing organism or determine antibiotic sensitivities leads to 
compromises having to be made in order to cover the most 
likely organism as opposed to directly targeting a known 
infecting organism. Finally, if wound drainage is present, it 
should  NOT  be cultured as these culture results can often 
confuse treatment decisions [ 7 ].  

7.3     Management 

 Management of deep periprosthetic joint infections should 
be operative. The most commonly utilized strategy for acute 
postoperative treatment in North America is irrigation and 
debridement with an exchange of the modular polyethylene 
bearing surface. However, reported results in the literature 
are quite variable, with many contemporary series suggesting 
failure rates of more than 50 %. Several series have also sug-
gested that infections with staphylococcus aureus [ 8 ], espe-
cially if resistant to methicillin, do particularly poorly [ 9 ]. 
Hence, in some situations the surgeon might consider remov-
ing the implants if the identity of the infecting organism is 
known to be methicillin-resistant staphylococcus aureus prior 
to embarking upon operative intervention. 

 If an irrigation and debridement is chosen for manage-
ment, it should not be relegated to a junior member of the 
team, as surgical technique may be important to optimizing 
results and good judgment is required to ensure an adequate 
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and thorough debridement. First, the skin should be 
 meticulously mechanically debrided prior to prepping and 
draping to remove any sutures, staples, skin glue, and scabbing. 
The skin edges must be carefully handled to optimize the 
chances of uneventful wound healing, including raising small 
but full thickness skin flaps prior to the arthrotomy. Next, the 
debridement should include a stepwise and thorough anterior 
synovectomy and exchange of the modular polyethylene liner. 
Liner trials must be available to ensure the correct size is 
inserted. In many cases the optimal size liner is somewhat 
thicker than the original, while in some other cases the sur-
geon may decide a thinner insert is better. 

 Next, a posterior synovectomy is performed, but this is 
admittedly challenging in most situations given the limited 
exposure posteriorly with implants in place. Then the wound 
is cleansed with pulsatile lavage, and in our center also 
soaked with a dilute betadine lavage [ 10 ] in an attempt to 
further decrease bacterial counts in the wound. This is fol-
lowed by an attempt at mechanical debridement of the 
 metallic surfaces. We typically perform the mechanical 
debridement with a brush used to cleanse the femoral canal 
in total hip arthroplasty. 

 The wound is then again soaked with dilute betadine and 
cleansed with pulsatile lavage. Prior to insertion of the new 
polyethylene liner and wound closure, some attempt at re- 
prepping and draping should be made. This can range from 
the surgical team changing gloves and using new drapes 
around the immediate surgical field to a temporary closure of 
the wound followed by completely breaking down the surgi-
cal field and using new gowns, drapes, and a completely new 
set of instruments. It is still unclear if the former is adequate 
or if the latter approach will lead to improved results. Wound 
closure is preferably performed with absorbable, nonbraided 
suture in layers, taking care to carefully reapproximate the 
tissue layers including the skin. Some recent data suggest a 
subcuticular suture is associated with the least compromise of 
the skin’s blood supply [ 11 ]. The use of a drain is controver-
sial, but preferred at our center. 
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 Postoperative management includes a team approach 
comprised of the surgeon, an infectious disease specialist to 
guide antibiotic treatment, and an internist to optimize medi-
cal comorbidities including nutrition. A 6-week course of 
intravenous antibiotics is routine; however, it is unclear what 
the optimal duration of therapy is and if intravenous delivery 
is required. Oral antibiotic “suppressive” therapy for some-
where between 3 months in duration postoperatively to life- 
long is routine at our center. However, it is unclear what the 
optimal duration of “suppressive” therapy is, or if such ther-
apy is even necessary. Some of these decisions will depend on 
the virulence of the organism, if an oral agent is readily avail-
able that matches the organism's sensitivities, the status of 
the host, and if the patient can tolerate extended oral antibi-
otic therapy. 

 Given the less than optimal results of irrigation and 
debridement, several alternatives to the regimen have been 
described. One option is a planned “second look” debride-
ment with or without the addition of antibiotic loaded, 
cement beads that are placed at the time of the first debride-
ment and removed at the second. Others have advocated the 
use of antibiotic loaded, absorbable calcium sulfate beads; 
hence, a second operative procedure with its cost and mor-
bidity is avoided. Another reasonable option, particularly if 
the organism is known prior to surgery and is associated with 
poor results when treated with isolated irrigation and 
debridement (e.g., methicillin-resistant Staphylococcus 
aureus), is to remove the implants and place an antibiotic 
loaded spacer as the first of a planned two-stage procedure. 
Finally, some European centers advocated for a one-stage 
exchange; however, experience with this is limited in North 
America. If cementless knee devices become more com-
monly used, a one-stage exchange may become more popu-
lar given the ease of implant removal in the early 
postoperative period prior to osseointegration. Arthroscopy 
for management of an acute postoperative infection is not 
recommended, as the modular bearing surface cannot be 
exchanged and the debridement, although technically 
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 possible, may not be adequate. Controversy will persist over 
the best form of management for acute postoperative infec-
tions until more studies, including randomized controlled 
trials, are performed. Admittedly this will be a challenge 
given the fortunately low prevalence of this complication.  

7.4     Outcome 

 Given the appearance of the wound, and higher suspicion for 
infection due to the patient’s history of liver dysfunction, a 
serum CRP was obtained and found to be elevated at 
158 mg/dL (normal <10 mg/dL). The knee was subsequently 
aspirated and the synovial fluid WBC count was 37,000 
WBC/μ[mu]L and the differential showed 93 % neutrophils. 
The patient was brought urgently to the operating room 
where an irrigation and debridement was performed along 
with exchange of the modular polyethylene liner; the liner 
was upsized from a 12 mm liner to a 14 mm liner that had 
more inherent constraint. Operative cultures grew 
methicillin- sensitive staphylococcus aureus and he was 
placed on intravenous cefazolin. Twelve days following the 
irrigation and debridement, the patient presented with 
drainage from the wound and the decision was made to 
return to the operating room where the implants were 
removed, and an antibiotic loaded spacer was placed as the 
first part of a planned two- stage exchange.  

7.5     Clinical Pearls/Pitfalls 

•     If an acute postoperative infection is suspected, the sur-
geon should avoid the temptation to administer any type 
of antibiotics until an investigation for infection has 
been performed to rule out a deep periprosthetic joint 
infection (PJI).  

•   The serum C-reactive protein has been shown to be an 
excellent screening test for deep PJI, with an optimal 
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threshold of approximately 100 mg/dL (normal <10 mg/
dL). If the serum CRP is near or above this value, the knee 
should be aspirated.  

•   The synovial fluid WBC count and differential are excel-
lent tools for diagnosing acute PJI, albeit at optimal cutoff 
values that are higher than those used for the diagnosis of 
chronic PJI. A synovial fluid WBC count of approximately 
10,000 WBC/μ[mu]L and a differential of approximately 
90 % are the optimal cutoff values.  

•   While the results of an irrigation and debridement are 
suboptimal, this remains the most common treatment 
modality employed given the difficulty in removing well- 
fixed cemented implants.  

•   The irrigation and debridement should be done meticu-
lously and carefully to optimize results.  

•   A multidisciplinary team that includes an infectious dis-
ease specialist to guide antibiotic treatment and an inter-
nist to optimize nutrition and medical comorbidities is 
recommended.        
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8.1                   Case Presentation 

    The patient is a 54-year-old gentleman who underwent 
uncomplicated right total knee arthroplasty approxi-
mately 3 years prior who had no complaints with his knee 
until presentation. Approximately 3 days ago, he began to 
develop pain and swelling in the knee. He did not have any 
history of trauma or injury that may have resulted in pain. As 
the pain was increasing he presented to the emergency 
department for evaluation. Laboratory evaluation revealed 
the Erythrocyte sedimentation rate (ESR) was 29 mm/h and 
C-reactive protein (CRP) was 17.3 mg/L with a serum white 
blood cell count (WBC) of 12. Physical examination of the 
right knee revealed a moderate effusion and painful range of 
motion of 0–90°, minimal warmth but no erythema or drain-
age. He had good alignment without any varus or valgus 
instability. Aspiration of the joint revealed a synovial WBC 
count of 34,000 with a differential of 91 % neutrophils. Gram 
stain was positive for gram positive cocci with eventual 
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growth of methicillin-sensitive staphylococcus aureus 
(MSSA). X-rays obtained on presentation showed no evi-
dence of loosening or mal-alignment (Fig.  8.1 ). The patient 
recalls recent dental work performed a couple weeks ago. No 
prophylactic antibiotics were utilized at that time.  

 His past medical history is significant for protein-S defi-
ciency for which he was on coumadin with an IVC filter in 
place, hypertension, depression, and coronary artery disease 
with history of a myocardial infarction. He had a contralat-
eral total knee arthroplasty (TKA) performed approximately 
4 years prior without complication. The initial implant used 
was a cemented posterior stabilized construct, with a rotating 
platform tibia and a resurfaced patella.  

8.2     Management 

 Given the acute onset of symptoms and positive arthrocente-
sis, a diagnosis of acute late periprosthetic infection was made 
and the patient was taken the following day to the operating 

  Fig. 8.1.    AP ( a ) and lateral ( b ) X-rays on initial presentation dem-
onstrating a stable right total knee arthroplasty with no evidence of 
loosening or mal-alignment.       
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room for irrigation and debridement with polyethylene 
exchange. All infected-appearing tissue as well as the pseudo-
membrane was removed. Betadine scrub brushes were uti-
lized to scrub the femoral, tibial, and patellar components, 
which were noted to be well fixed with no signs of loosening. 
All previous ethibond sutures were removed and the wound 
was irrigated with 6 L of normal saline pulse lavage. A new 
polyethylene insert of the same size was implanted. A hemo-
vac drain was placed prior to fascial closure with #1 prolene 
sutures. This was followed by 2-0 subcutaneous PDS suture. 
The skin was closed with staples. 

 Due to the patient’s hypercoagulable state, he was placed 
on lovenox postoperatively and bridged back to coumadin. 
A peripherally inserted central catheter (PICC) was placed 
for 6 weeks of Cefepime in addition to oral Rifampin as rec-
ommended by an infectious disease consult obtained while in 
the hospital. His rehabilitation included range of motion 
exercises, full weight-bearing and gentle muscle strengthen-
ing similar to a primary total knee replacement. 

 Postoperatively, the patient did experience some pain 
relief but denied resolution of his pain. Approximately 
2 months postoperatively (2 weeks after cessation of the IV 
antibiotic therapy), the patient returned with persistent right 
knee pain, erythema, and an effusion. Range of motion of the 
right knee was 0–105° with no evidence of instability. Repeat 
laboratory markers revealed an ESR of 25 mm/h, CRP of 
21 mg/L, and a peripheral white blood cell count of 6. 
Aspiration was also performed at that time revealing 23,000 
WBCs (differential of 92 % neutrophils) and cultures eventu-
ally growing MSSA. 

 The patient was taken back to the operating room after 
normalization of his INR for the first step of a two-stage 
exchange procedure for explant of the right knee arthro-
plasty and placement of a molded antibiotic-loaded knee 
spacer (Fig.  8.2 ) utilizing 3 g of tobramycin per cement pack-
age. The knee was closed in a similar fashion with hemovac 
drain in place. At the recommendation of infectious disease, 
the patient was given an additional 6 weeks of antibiotics 
consisting of daptomycin.  
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 After explant, the patient was again bridged back to his 
coumadin with lovenox and began a physical therapy proto-
col in the attempt to maintain range of motion and to encour-
age weight-bearing. After completing his antibiotic course, 
his labs were again drawn demonstrating normalization of 
both ESR and CRP prior to reimplantation. The patient was 
replanted approximately 7 months later with a posterior sta-
bilized revision construct consisting of hybrid diaphyseal 
engaging stems and porous metaphyseal sleeves on both the 
tibia and femur. Antibiotic cement was used in a limited fash-
ion proximally under the tibial component and distally under 
the femoral component. Physical therapy following revision 
utilized the same protocol used following primary total knee 
replacement. Postoperatively, the patient recovered well and 
had no further complications with the knee.  

8.3     Outcome 

 Most recent follow-up 5 years after reimplantation reveals 
the patient has healed his incision nicely with no complaints 
of pain, drainage, or instability of the knee. X-rays reveal 

  Fig. 8.2.    Postoperative lateral ( a ) and AP ( b ) X-rays demonstrating 
insertion of antibiotic-loaded articulating spacer.       
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well-fixed implants in good alignment (Fig.  8.3 ) with range of 
motion of approximately 5–110° actively and passively. He 
has been participating in physical therapy off and on and has 
returned to his preoperative level of activity without 
restriction.   

8.4     Literature Review 

8.4.1     Risk Factors 

 The typical presentation of a patient with late acute pros-
thetic knee infection is sudden onset of painful range of 
motion, swelling, and warmth in a previously well-function-
ing total knee implanted greater than 1 year [ 1 ]. There is 
growing evidence that the presence of diabetes with end-
organ damage, heart disease, and pulmonary complications 
are important risk factors for the development of acute 
hematogenous infection [ 2 ]. Although no single comorbidity 
has shown to provide statistical significance for increased 
risk of infection, a total number of comorbidities greater 
than three as described by the Charlson comorbidity index 

  Fig. 8.3.    Most recent lateral ( a ) and AP ( b ,  c ) X-rays after two-stage 
exchange arthroplasty.       
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has consistently been shown to be a significant risk factor in 
hematogenous infection [ 3 ]. 

 In addition, Swan et al. [ 4 ] found that 88 % of late acute 
hematogenous prosthetic knee infections described some 
type of sentinel event prior to their diagnosis and presenta-
tion, with the most common being an open wound or skin 
infection. This finding has been supported also by Maderazo 
et al. [ 5 ] where similar organisms recovered from a distant 
skin source were also recovered in the infected joint. 

 A great amount of attention has also been given to the 
possible hematogenous spread of bacteria from the oral cav-
ity after dental procedures. However, many authors discredit 
this belief due to the low incidence of streptococcal or oral 
pathogens ultimately grown from periprosthetic infections. In 
a 2010 case-control study by Berbari et al. [ 6 ], not only were 
dental procedures not a risk factor for subsequent peripros-
thetic infection but also patients who did take antibiotic pro-
phylaxis did not decrease their rate of infection following a 
dental procedure. Although the connection between tran-
sient bacteremia and oral procedures appears to be well 
documented, there is no evidence that this bacteremia results 
in prosthetic joint infections.  

8.4.2     Diagnosis 

 Diagnosis of periprosthetic infection in a previously well- 
functioning total knee is often a difficult task relying on risk 
stratification of patient risk factors as well as laboratory and 
imaging studies. First-line markers of infection include ele-
vated inflammatory markers, both ESR and CRP. Although 
ESR and CRP serology labs have been recognized as helpful 
in establishing the diagnosis of prosthetic joint infection, 
there is no evidence to support the role of serum WBC [ 7 ]. 
Although nonspecific, advanced imaging may also be consid-
ered such as nuclear medicine bone scan or Positron Emission 
Tomography (PET) imaging, however bone scan studies 
without the use of labeled leukocytes have a limited role in 
the diagnosis of prosthetic joint infection. In the setting of 
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elevated ESR >30 mm/h and CRP >10 mg/dL, with clinical 
suspicion for prosthetic joint infection, AAOS guidelines 
strongly recommend joint aspiration sent for gram stain, cul-
ture, and synovial fluid cell count with differential [ 8 ]. 
Furthermore, there is evidence that fluid samples directly 
injected into standard blood culture vials have the highest 
specificity, sensitivity, and accuracy (100, 92, and 94 %, respec-
tively) compared with both culture swabs and tissue biopsy 
for identifying the infecting organism [ 9 ]. Synovial WBC 
>2,000/μL and neutrophil differential >70 % have historically 
been used as a rough measure for prosthetic joint infection, 
with recent Musculoskeletal Infection Society (MSIS) guide-
lines recommending a differential criteria of >1,100/μL for 
knees and >3,000/μL for hips [ 10 ]. It is important not to initi-
ate any antibiotic treatment for presumed infection until 
after adequate aspiration of the joint has been performed 
and sent for culture.  

8.4.3     Management 

 Once the diagnosis of acute hematogenous periprosthetic 
infection has been established in the setting of rapid onset of 
symptoms in a prior well-functioning joint, the mainstay of 
treatment remains early joint irrigation and debridement 
(I&D) with polyethylene exchange. The likelihood of this 
operation to successfully eradicate the infection has recently 
been called into question, with more favorable outcomes 
occurring in patients presenting early after the onset of symp-
toms, most notably before 2–4 weeks [ 11 ]. Azzam et al. [ 12 ] 
recently performed a retrospective review of 104 patients 
with periprosthetic knee and hip infections treated with initial 
I&D and component retention within 2 weeks of symptom 
onset, demonstrating a dismal 52 % success rate over 
5 years as well as increased failure rate in patients with an 
elevated American Society of Anesthesiologists (ASA) score 
above 2 and presence of  staphylococcus aureus  (MSSA or 
MRSA). This study did however demonstrate a trend toward 
more successful eradication with I&D in patients presenting 
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with late acute hematogenous infection compared with early 
postoperative infection, 60 % versus 48 %, respectively. 
Other studies have shown similar disappointing results, citing 
a 70 % recurrence rate after early I&D in patients with peri-
prosthetic knee infection [ 13 ]. It also appears that this high 
failure rate is not completely dependent on the infecting 
organism, with a recent multicenter study demonstrating 
similar failure rates of early I&D with infection of either 
resistant or sensitive staphylococcal infections, at 76 and 
72 %, respectively [ 14 ]. Despite its low success rate, early 
irrigation and debridement remains a common surgical 
option when compared to the more painful and morbid alter-
native of two-stage revision arthroplasty. 

 Postoperatively after early I&D, the patient is typically 
started on empiric intravenous antibiotics which are altered 
based on the results of the intraoperative cultures and sensi-
tivities and continued for 6 weeks. The patient is then taken 
off all antibiotics with repeat blood tests performed 2–4 
weeks after removal of antibiotics. In the setting of normal 
repeat inflammatory markers and absence of continued pain, 
the patient may be monitored in the clinic for an additional 
6 months for evidence of any pain or swelling suggestive of 
ongoing infection. 

 If the patient returns with continued or worsening pain, 
repeat arthrocentesis and blood tests should be performed to 
confirm the diagnosis of persistent infection. As outlined in 
the case study provided above, management in this scenario 
often requires a two-stage revision arthroplasty for the 
proper eradication of infection.   

8.5     Clinical Pearls/Pitfalls 

•     Late acute hematogenous infection is characterized by 
acute pain in a previously well-functioning prosthetic 
knee.  

•   Total number of comorbidities greater than three is a sig-
nificant risk factor for hematogenous infection.  
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•   Dental procedures are less likely to be considered sentinel 
infective events.  

•   Local skin infections specifically with staphylococcal spe-
cies are highly correlated with increased rates of hematog-
enous infection.  

•   In the setting of elevated ESR >30 mm/h and CRP 
>10 mg/dL, aspiration should be performed. The fluid 
should be sent for cell count and differential and culture. 
Specimens for culture can be injected into blood culture 
vials for improved accuracy.  

•   Synovial WBC of >1,100/μL has been proposed as criteria 
for periprosthetic knee infections.  

•   Early irrigation and debridement with component reten-
tion is the mainstay of treatment, with improved outcomes 
and success rates associated with earlier treatment, specifi-
cally less than 2 weeks from the onset of symptoms.  

•   Failure to eradicate the infection with early irrigation and 
debridement necessitates component removal often in the 
form of a two-stage revision arthroplasty.        

   References 

    1.    Pulido L, Ghanem E, Joshi A, Purtill JJ, Parvizi J. Periprosthetic 
joint infection: the incidence, timing, and predisposing factors. 
Clin Orthop Relat Res. 2008;466(7):1710–5.  

    2.    Peersman G, Laskin R, Davis J, Peterson M. Infection in total 
knee replacement: a retrospective review of 6489 total knee 
replacements. Clin Orthop Relat Res. 2001;392:15–23.  

    3.    Lai K, Bohm ER, Burnell C, Hedden DR. Presence of medical 
comorbidities in patients with infected primary hip or knee 
arthroplasties. J Arthroplasty. 2007;22:651–6.  

    4.    Swan J, Dowsey M, Babazadeh S, Mandaleson A, Choong 
PF. Significance of sentinel infective events in haematogenous 
prosthetic knee infections. ANZ J Surg. 2011;81(1–2):40–5.  

    5.    Maderazo EG, Judson S, Pasternak H. Late infections of total 
joint prostheses. A review and recommendations for prevention. 
Clin Orthop Relat Res. 1988;229:131–42.  

    6.    Berbari EF, Osmon DR, Carr A, et al. Dental procedures as risk 
factors for prosthetic hip or knee infection: a hospital-based 
prospective case-control study. Clin Infect Dis. 2010;50(1):8–16.  

8. Periprosthetic Infection…



100

    7.    Parvizi J, Della Valle CJ. AAOS Clinical Practice Guideline: 
diagnosis and treatment of periprosthetic joint infections of the 
hip and knee. J Am Acad Orthop Surg. 2010;18(12):771–2.  

    8.    Della Valle C, Parvizi J, Bauer TW, DiCesare PE, Evans RP, 
Segreti J, Spangehl M, Watters 3rd WC, Keith M, Turkelson CM, 
Wies JL, Sluka P, Hitchcock K, American Academy of 
Orthopaedic Surgeons. American Academy of Orthopaedic 
Surgeons clinical practice guideline on: the diagnosis of peri-
prosthetic joint infections of the hip and knee. J Bone Joint Surg 
Am. 2011;93(14):1355–7.  

    9.    Levine BR, Evans BG. Use of blood culture vial specimens in 
intraoperative detection of infection. Clin Orthop Relat Res. 
2001;382:222–31.  

    10.    Parvizi J, Zmistowski B, Berbari EF, et al. New definition for 
periprosthetic joint infection: from the Workgroup of the 
Musculoskeletal Infection Society. Clin Orthop Relat Res. 
2011;469(11):2992–4.  

    11.    Marculescu CE, Berbari EF, Hanssen AD, et al. Outcome of 
prosthetic joint infections treated with debridement and reten-
tion of components. Clin Infect Dis. 2006;42:471.  

    12.    Azzam KA, Seeley M, Ghanem E, Austin MS, Purtill JJ, Parvizi 
J. Irrigation and debridement in the management of prosthetic 
joint infection: traditional indications revisited. J Arthroplasty. 
2010;25(7):1022–7.  

    13.    Silva M, Tharani R, Schmalzried TP. Results of direct exchange 
or debridement of the infected total knee arthroplasty. Clin 
Orthop Relat Res. 2002;404:125–31.  

    14.    Odum SM, Fehring TK, Lombardi AV, Zmistowski BM, Brown 
NM, Luna JT, Fehring KA, Hansen EN, Periprosthetic Infection 
Consortium. Irrigation and debridement for periprosthetic 
infections: does the organism matter? J Arthroplasty. 2011;26
(6 Suppl):114–8.    

M. Russo and B. Evans



101© Springer International Publishing Switzerland 2015
B.D. Springer and B.M. Curtin (eds.), Complex Primary 
and Revision Total Knee Arthroplasty: A Clinical Casebook,
DOI 10.1007/978-3-319-18350-3_9

9.1             Case Presentation 

    A 79-year-old male presented to our outpatient clinic with 
persistent pain and increasing effusion of the right knee, 
almost twice the size of the contralateral joint. The patient 
had an uneventful right total knee arthroplasty (TKA) 12 
years ago. However, 4 years ago, he developed an acute 
hematogenous PJI caused by methicillin-sensitive 
 Staphylococcus aureus . Subsequently, the patient underwent 
8 procedures to control the infection, including multiple 
 irrigation and debridements (I&D) and a two–stage exchange 
arthroplasty, with no improvement. The patient was then 
placed on suppressive oral therapy with doxycycline and 
referred to our institution. 

 Physical exam revealed an obese male with a body mass 
index (BMI) of 39 and hyperpigmentation around the inci-
sion, as well as warmth, tenderness, and painful range of 
motion. He had 30° of extension deficit and flexion was 
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 limited to 90°. Radiographs showed a previously cemented 
long stem, with radiolucent areas around the cement-bone 
interface on the femoral side (Fig.  9.1 ). Serological markers 
demonstrated an erythrocyte sedimentation rate (ESR) of 
78 mm/h and C-reactive protein (CRP) of 11.7 mg/dl.  

 The arthrocentesis was performed after the patient had 
been off of antibiotics for 3 weeks. Synovial fluid analysis 
revealed a synovial white cell count of 24,000 with 90 % poly-
morphonuclear cells. An extensor mechanism tear was 
 suspected due to the lack of knee extension and a history of 
previous tibial tubercle osteotomy. Thus, a repeat two-stage 
exchange arthroplasty was performed.  

9.2     Diagnosis/Assessment 

 The patient was diagnosed with a chronic right knee PJI. The 
diagnosis of PJI remains challenging due to confounding fac-
tors and lack of a gold standard test. The definition was first 

  Fig. 9.1.    Initial radiographs at first consultation.        
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standardized by the Musculoskeletal Infection Society 
 workgroup in 2011 [ 1 ]. This was later modified in 2013 by the 
International Consensus Meeting (ICM) on PJI [ 2 ]; the defi-
nition consisted of two major criteria and five minor criteria 
that must be present for diagnosis (Table  9.1 ). PJI is con-
firmed when one major or three minor criteria are met.

   The American Academy of Orthopedic Surgeons (AAOS) 
has developed a clinical guideline to successfully diagnose 
PJI [ 3 ]. The guideline acts as a flowchart as opposed to a fixed 
protocol. The initial step is risk stratification of individuals to 
determine whether or not they are at high or low risk of 
developing PJI. In this particular case, the patient was consid-
ered to be at higher risk because he exhibited two symptoms 
related to PJI: pain and stiffness [ 3 ]. Along with increased 
temperature, the knee was swollen. A positive history of PJI 
and obesity are risk factors that are supported in the litera-
ture [ 4 ,  5 ]. Another important aspect of this case is early 
implant loosening (<5 years), which has been associated with 
a positive likelihood ratio (LR) of infection of 2.1 (1.36, 3.25; 
95 % confidence interval [CI]) and a negative LR of 0.53 
(0.29, 0.96; 95 % CI). 

   Table 9.1.    Periprosthetic joint infection (PJI) defi nition according to the 
International Joint Commission.   

 PJI is present when one of the major criteria exists or three out of five 
minor criteria exist 

 Major 
criteria 

 1.  Two positive periprosthetic cultures with phenotypically 
identical organisms 

 2. A sinus tract communicating with the joint 
 Minor 
criteria 

 1. Elevated serum CRP  AND  ESR 
 2.  Elevated synovial fluid white blood cell count  OR  

++change on leukocyte esterase test strip 
 3.  Elevated synovial fluid polymorphonuclear neutrophil 

percentage 
 4.  >5 neutrophils per high power field in 5 high power fields 

(400×) 
 5. A single positive culture 

   CRP  C-reactive protein,  ESR  erythrocyte sedimentation rate 
 Modified from: Parvizi J, Gehrke T (2014) Definition of periprosthetic joint 
infection. J Arthroplasty 29:1331; used with permission  
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 The next step involved investigating ESR and CRP. The 
ICM thresholds for chronic infections are stated [ 3 ] as 
>30 mm/h and >10 mg/L for ESR and CRP, respectively. 
Recently a positive leukocyte esterase test was added as a 
minor criterion, according to the ICM [ 2 ]. If the inflammatory    
markers are negative, the probability of infection is unlikely 
(negative LR: 0.0–0.06) and infection can be ruled out. 
However, if both are positive (positive LR: 4.3–12.1), a conclu-
sive diagnosis of infection is not established and warrants fur-
ther workup due to many variables and diseases that can skew 
the final result of the inflammatory markers. Positivity of the 
markers stratifies the patient into the high-risk group for infec-
tion and means that the patient needs further investigation. 

 If positive inflammatory markers are identified, a synovial 
fluid sample should be obtained. The superolateral approach 
is preferred to obtain synovial fluid from the knee; the use of 
contrast or local anesthetic should be avoided, since their 
antimicrobial activity may lead to a false negative [ 6 ]. 

 The patient should be taken off antibiotic therapy for at 
least 2 weeks prior to obtaining intra-articular cultures [ 7 ]. 
The fluid should be tested for synovial white cells and poly-
morphonuclear cells, with a threshold for chronic PJI of 
>3,000 (cells/μ[mu]l) and >80 %, respectively, for chronic 
infections [ 3 ].  

9.3     Management 

 The patient underwent the first stage of treatment, which 
consisted of removing all the prosthetic components, bone 
cement, and foreign material; and an extended synovectomy 
and implantation of a dynamic spacer with antibiotic-loaded 
bone cement. The extensor mechanism was intact and the 
tibial tubercle osteotomy had consolidated. Two cultures 
were positive for S taphylococcus coagulase negative  and the 
infectious disease team was consulted, recommending intra-
venous vancomycin for 6 weeks. The patient was seen by a 
physical therapist, an occupational therapist, and a social 
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worker, postoperatively. At discharge, he was able to toe- 
touch weight bear and was placed in a hinged brace that 
restricted range of motion from 0° up to 60°. 

 After a course of antibiotics, the knee remained swollen 
and painful during gait. Inflammatory markers remained 
above normal. Throughout this time the patient suffered from 
multiple urinary tract infections, which could have affected 
the results of the inflammatory markers. The synovial fluid 
cell count decreased compared to initial values but remained 
abnormal. On plain films, it was noted that the tibial compo-
nent had failed and shifted anteriorly (Fig.  9.2 ). Three months 
after the first stage of the procedure, there was a high suspi-
cion of persistent infection, and the patient was scheduled to 
undergo a spacer exchange and repeat I&D.  

 A new dynamic spacer was implanted and a thorough 
synovectomy was performed with removal of all foreign 
material. Clinically, the appearance of the knee was benign. 
Cultures taken during the spacer exchange procedure were 
all negative. With intraoperative findings, negative cultures, 
and a clinical improvement during the follow up period, the 

  Fig. 9.2.    AP and lateral view of the initial dynamic spacer showing 
the anterior shift of the tibial component.       
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patient was scheduled for reimplantation at 5 weeks after the 
spacer exchange. 

 Reimplantation occurred without any complications 
(Fig.  9.3 ). At the time of reimplantation, two cultures were 
positive for  Candida ssp . Given these findings, the infectious 
disease team recommended placing the patient on long-term 
suppressive therapy, including antibiotics and antifungal 
therapy. Within the first year of reimplantation, the patient 
presented with mild effusion and minimal pain, tolerating 
gait without external support. Two years after reimplantation, 
pain and swelling increased and the patient’s function dimin-
ished. The inflammatory markers were noted to increase and 
a new synovial aspiration was demonstrated to be above the 
threshold cell count. The patient was considered to benefit 
from a new I&D, although intraoperatively the decision was 

  Fig. 9.3.    Radiographs showing the prosthesis used after the second 
reimplantation.       
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made to perform a two-stage exchange arthroplasty. At this 
time a static spacer that contained antibiotic and antifungal 
loaded cement bone was chosen. In follow-up, the patient 
sustained a diaphyseal peri-spacer femoral fracture (Fig.  9.4 ). 
The fracture was managed nonoperatively due to lack of 
pain. At this point the patient was not considered a suitable 
candidate for reconstruction; he was placed on lifelong 
 antibiotic suppression therapy and was able to walk with the 
use of external support and a brace.    

9.4     Outcome 

 The two-stage exchange is the preferred treatment method to 
eradicate chronic PJI in patients in North America [ 8 ]. The 
procedure includes removal of all prosthetic components and 
foreign material, followed by I&D and implantation of an 
antibiotic-load bone cement spacer. A course of antibiotics, 
ranging from 6 to 12 weeks, follows this procedure. When 
infection is considered controlled, antibiotic treatment is 
withdrawn for a minimum of 2 weeks to serve as a proxy of 
infection control followed by a second stage with definitive 

  Fig. 9.4.    Final radiographs and result of a static retained spacer and 
femoral shaft fracture with advanced healing.       
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reimplantation. The two-stage exchange offers the highest 
and most consistent rate of infection eradication compared 
with other treatment modalities, with a reported overall suc-
cess rate ranging from 82 to 100 % [ 9 ]. 

 However, this treatment option has complications, which 
are usually worse than the infection itself. The incidence of 
recurrent or persistent infection after a two-stage procedure 
for the knee ranges from 9 to 33 %. Predictors of failure have 
been identified for two-stage exchange, including culture 
negativity in the first stage, gram negative organism infection, 
methicillin-resistant organism infection, and increased reim-
plantation operative time [ 10 ]. 

 The patient underwent a spacer exchange during the treat-
ment course due to persistence of the infection and displace-
ment of the components. Spacers provide local release of 
antibiotics, an increase of joint stability, prevention of soft 
tissue contractures, and potentially easier reimplantation 
[ 11 ]. The decision to use dynamic spacers took into account 
adequate bone stock and good quality soft tissues. Dynamic 
spacers are associated with a greater range of motion (ROM) 
after the second stage, with an average ROM of 101° for 
dynamic spacers compared to 91° for static spacers. The rein-
fection rate appears to be unaffected by the type of spacer 
used [ 12 ]. However, problems related to the spacer are not 
infrequent, accounting for up to 57 % of the complications. 
Of these, 13 % are major problems including fractures and 
dislocation of the knee [ 13 ]. 

 At the time of reimplantation, the patient had two cultures 
positive for  Candida ssp,  contributing to a worse outcome. 
Periprosthetic fungal infection is a rare but devastating com-
plication, and its management is a challenge. There is no 
agreement in the literature regarding the ideal treatment 
option. The ICM for PJI in 2013 attempted to summarize the 
available information regarding fungal infection treatment. 
According to the ICM recommendations, fungi infection 
should be considered if a fungal pathogen is isolated from 
periprosthetic tissue cultures or joint aspiration in a patient 
who has signs and symptoms of PJI and not assumed to be a 
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contaminant. Host factors predisposing a patient to fungal 
PJI are immunosuppression, malignancy, antineoplastic ther-
apy, drug abuse, prolonged use of antibiotics, prolonged use 
of indwelling catheters, diabetes mellitus, malnutrition, rheu-
matoid arthritis, history of multiple abdominal surgeries, 
severe burns, tuberculosis, and prior bacterial infection of the 
prosthesis. 

 Two-stage exchange arthroplasty is the recommended 
treatment for fungal PJI. However, the success rate is lower 
than that of bacterial cases, with only 50 % of patients not 
requiring further surgical intervention for infection [ 12 ]. The 
spacer cement is usually loaded with both antibacterial and 
antifungal agents. The most frequent agents are liposomal 
amphotericin B and voriconazole, the latter of which affects 
the cement’s mechanical strength [ 14 ]. Systemic antifungal 
treatment should be initiated after the first stage and contin-
ued for at least 6 weeks. To monitor fungal PJI cases, a serial 
CRP and ESR should be taken. The timing to reimplantation 
is based on clinical judgment and normalization of 
 inflammatory values. There is no support for continuing anti-
fungal agents after reimplantation [ 14 ]. 

 After a failed two-stage reimplantation, a second two- 
stage procedure may be performed, taking into account the 
virulence of the infecting organism, underlying medical con-
ditions, bone stock, soft tissue integrity, and patient desires. 
After a repeat procedure is performed, the rate of infection 
control reaches 77 %, but 64 % of these cases required long- 
term antibiotic or antifungal suppression for at least 6 months 
[ 15 ]. We made three attempts to treat PJI in our patient 
 without success, and we made the decision to retain the 
spacer along with long-term suppressive antibiotic therapy. 
In patients in whom unplanned spacer retention occurs, 
return to daily function occurs in 60 % of cases, with a mean 
follow up of 6 years after insertion [ 16 ]. The patient in our 
case study had lower than expected function, but an attempt 
to pursue reconstruction could have resulted in a worse 
 outcome, such as loss of the extremity.  
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9.5     Clinical Pearls/Pitfalls 

•        The use of the current definition of PJI by ICM is advised.  
•   Clinical judgment must prevail and every case must be 

considered individually. However, it is strongly recom-
mended to follow the flowchart proposed by the AAOS in 
order to make an accurate diagnosis of PJI.  

•   Currently available diagnostic tests are highly sensitive 
and less specific, leading to a high rate of false positive 
cases.  

•   Screening and stratifying risk factors must be performed 
to adequately assess the patient.  

•   Treatment should be carried out by an adult joint recon-
struction surgeon.  

•   Multidisciplinary assessment of the infected patient must 
be carried out.  

•   Two-stage exchange reimplantation is the preferred treat-
ment for PJI, showing a high success rate.  

•   A second two-stage exchange arthroplasty is a suitable 
option after failure of the initial treatment.  

•   PJI caused by fungal organisms poses a challenge for man-
agement and is associated with bad outcomes.  

•   The use of a retained spacer should only be considered 
once other options have been exhausted, and the benefit 
outweighs the risk.  

•   Suppression antibiotic therapy is limited to patients with-
out reconstruction options.  

•   The patient must always be advised of the potential com-
plications after a primary TKA.        
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10.1             Case Presentation 

    A 60-year-old morbidly obese female presented to the office 
5 years out from an uncomplicated left total knee arthro-
plasty. One year prior she sustained a mechanical fall and 
suffered a displaced patella fracture with disruption of her 
extensor mechanism. Attempts were made to primarily repair 
the patella fracture with suture anchors. The repair failed and 
the patient was left with a severe extensor lag of 70° and the 
inability to fully straighten the leg. She was unable to 
 ambulate without the use of a hinged brace locked in exten-
sion and was unable to perform a straight leg raise. 
Radiographs shown in Fig.  10.1  reveal failed fixation of the 
patella fracture with superior displacement of the patella 
fragment and disruption of the extensor mechanism.  

 Because of the patients’ severe disability, the decision was 
made to proceed to surgery for extensor mechanism recon-
struction. Because previous attempts at primary repair had 
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failed, there were concerns about the patient’s native host 
tissue. The decision was made to use a whole extensor mecha-
nism allograft to reconstruct the extensor mechanism.  

10.2     Incidence of Extensor Mechanism 
Disruption 

 Extensor mechanism (EM) disruption is an uncommon com-
plication following total knee arthroplasty. Disruption can 
occur at the level of the patellar tendon, the patella with a 
concomitant fracture, or the quadriceps tendon. The overall 
incidence of extensor mechanism disruption has been 
reported between 1.1 and 6.6 % [ 1 ]. Risk factors include mul-
tiply operated knees, systemic conditions such as renal 
 disease, diabetes, systemic steroid use, rheumatoid arthritis, 
and obesity [ 2 ,  3 ]. Iatrogenic injury at the time of surgery is 
unfortunately a common cause. Iatrogenic injury stems from 
failure to protect the extensor mechanism, especially in a 
patient with a stiff knee where exposure may be difficult and 
common particularly in revision surgery. 

 Quadriceps tendon rupture is the least common site of 
disruption. Dobbs et al. identified 24 of 23,800 TKA patients 
(0.1 %) from the Mayo Clinic with a partial or complete 

  Fig. 10.1.    Lateral radiographs demonstrating disruption of the 
extensor mechanism through a failed attempt at fixation of a dis-
placed patella fracture.       
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quadriceps tendon rupture [ 4 ]. Several risk factors exist. 
Aggressive resection of the patella can compromise the inser-
tion of the quadriceps. Vascular injury may be a risk factor as 
well. In the previous referenced study, all three patients with 
quadriceps tendon rupture had undergone a lateral retinacu-
lar release [ 4 ]. This may cause injury to the superior lateral 
genicular artery and place the tendon at heightened risk for 
rupture. 

 Patellar fractures after TKA usually do not interrupt the 
extensor mechanism. Vertical fractures can typically be treated 
without surgery unless there is component loosening. More 
recently, the incidence of all patellar fractures has ranged 
from 0.3 to 5.4 % [ 5 ]. A study from Mayo clinic identified 85 
fractures after 12,464 TKAs (0.68 %) of which only 12 were 
associated with extensor mechanism rupture [ 6 ]. Sinha et al. 
discussed three major risk factors that statistically increased 
the risk of patella fracture: resurfacing or over- resection of the 
patella, implant malalignment, or compromise of the patellar 
blood supply via lateral retinacular release [ 5 ]. All efforts 
should be made to prevent these risk factors. 

 Patellar tendon rupture or avulsion has been reported in 
as many as 2.5 % of patients with TKA [ 2 ]. Risk factors 
include difficult exposure in the setting of revision surgery, 
previous high tibial osteotomy, previous patellar realignment 
surgery, or systemic disease. Several techniques to gain expo-
sure have been recommended to protect the patellar tendon 
during surgery including resection of intra-articular scar, 
quadriceps snip, and tibial tubercle osteotomy.  

10.3     Diagnosis/Evaluation 

 In this case presentation, the disruption of the extensor 
mechanism occurred at the level of the patella following a 
traumatic fall. Primary repair of the patella and/or extensor 
mechanism in the setting of total knee arthroplasty often 
leads to suboptimal results and is associated with high rates 
of failure as discussed in the outcomes section below. In this 
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case, attempts to repair the patella fracture with suture 
anchors led to suboptimal fixation and failure requiring 
extensor mechanism reconstruction. 

 When assessing a patient with possible extensor mecha-
nism disruption, it is important to perform a thorough history 
and physical exam. While often times the extensor deficiency 
is obvious, there are several critical issues that should be 
addressed that have a key role in the etiology and ultimately 
the outcome of the extensor mechanism reconstruction. 
These elements include the chronicity of the injury, previous 
surgeries, or complications from previous surgery, particu-
larly if they involved the extensor mechanism. The patient’s 
current health and functional status is also important. Every 
patient should be questioned and evaluated about signs and 
symptoms of infection. 

 The physical exam should focus on the function of the 
extensor mechanism as well as the status of the soft tissue 
envelope. Inability to perform active knee extension or 
inability to do a straight leg raise indicates dysfunction of the 
extensor mechanism. A palpable defect in the patellar tendon 
or quadriceps may be felt on exam, along with the presence 
of a “high riding” patella if the patella tendon is disrupted. 
Often the patient may present with a large effusion in the 
knee that is subcutaneous from extravasation of the joint 
fluid from the disrupted extensor mechanism. In addition to 
infection, instability or component mal-rotation may be the 
cause for extensor mechanism disruption and must be 
addressed prior to the reconstruction. Failure to correct the 
errors at the time of surgery will lead to high failure rates of 
the reconstruction and the surgeon must be prepared to 
revise all necessary components at the time of extensor 
mechanism reconstruction as needed. 

 Plain radiographs are often all that is needed to assist in 
the diagnosis. The lateral radiograph may show patella alta, 
or a high riding patella as in this case (Fig.  10.1 ). Both the 
femoral and tibial components should be evaluated for loos-
ening, osteolysis, and malposition. 
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 CT scan and MRI are useful adjuncts in the diagnosis of 
patellar tendon ruptures if it is not readily evident on physical 
exam and plain radiographs. Recent advances in metal arti-
fact reduction sequences have allowed better characteriza-
tion of the remaining host tissue to assist in surgical decision 
making. CT scan can be used to determine femoral or tibial 
mal-rotation that may require revision at the time of surgery. 

 The surgeon also needs to assess the patient’s candidacy 
for a relatively lengthy rehabilitation process that will require 
strict postoperative protocols. Contraindications to extensor 
mechanism reconstruction would include active peripros-
thetic infection and medical comorbidities precluding surgi-
cal intervention as well as a patient who is unwilling or 
unable to comply with postoperative protocols.  

10.4     Management and Treatment Options 

10.4.1     Nonoperative 

 Patients that are poor reconstruction candidates may be bet-
ter treated with bracing or arthrodesis. Nonoperative treat-
ment will require full dependency on gait aids and/or the use 
of knee braces. A brace that locks into extension (drop lock 
brace) when the patient is ambulating and have a drop-down 
lever to unlock the brace so that when they sit the knee is 
able to flex typically provides the best support. Despite this 
treatment, these patients typically remain functionally depen-
dent on assistive devices.  

10.4.2     Primary Repair 

 Primary repair of the extensor mechanism has largely been 
abandoned secondary to poor outcomes [ 7 ]. Despite success-
ful results with primary repair in the native knee, similar 
treatment in the TKA patient has not seen similar success 
and is associated with high rates of complications with poor 
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outcomes. Two studies looked at 23 combined patients and 
found 21 patients that were clinical failures with most com-
mon cause being rerupture [ 4 ,  7 ]. These poor results prompted 
interest in alternative techniques for reconstruction.  

10.4.3     Allograft Reconstruction 

 Extensor mechanism reconstruction with allograft has long 
been the mainstay of treatment and has demonstrated signifi-
cantly better outcomes than primary repair. Allograft recon-
struction was first reported by Emerson and colleagues in 
1990 [ 8 ]. Several studies of this and other allograft recon-
struction techniques have helped establish important surgical 
principles with improved outcomes. 

 Allograft tissue has the advantages of providing good tis-
sue to augment the poor host tissue. Fresh frozen allografts 
have better strength and less immunogenic potential than 
freeze-dried grafts. There are concerns, however, about dis-
ease transmission with the use of allograft tissue. The two 
most commonly described allograft techniques include the 
use of either a (1) whole extensor mechanism allograft or (2) 
Achilles tendon allograft. These techniques are applicable to 
a wide range of extensor mechanism disruptions. Achilles 
tendon is best used when the patella and patellar tendon are 
intact. More recently, newer techniques utilizing synthetic 
grafts have been reported and have the advantage of ease of 
availability and lower cost [ 9 ].  

10.4.4     Surgical Technique for Whole Extensor 
Mechanism Allograft Reconstruction 

 The case presented in this chapter was reconstructed with a 
whole extensor mechanism allograft that consists of a tibial 
bone block, patella tendon, patella, and quadriceps tendon. 
The following steps outline the surgical technique. 

C. Wooten and B.D. Springer



119

10.4.4.1     Presurgical Inspection of the Allograft 

 It is imperative for the surgeon to directly inspect the 
allograft prior to surgery to ensure that the appropriate side 
has been obtained (e.g., left vs. right) and that there is at least 
5 cm of tibial bone present to allow for distal fixation and 
5 cm of quadriceps tendon proximally. The use of a whole 
proximal tibial allograft allows the surgeon to intraopera-
tively customize the size of the tibial bone block.  

10.4.4.2     Surgical Exposure 

 The patient is positioned supine on the operating room table. 
Depending on the length of the leg and the need for a longer 
incision, a nonsterile or sterile tourniquet can be utilized. 
Prior incisions should be utilized when possible. The previous 
extensor mechanism can be split longitudinally and dissected 
off the bone to expose the proximal tibia. The previous patella 
can be shelled out of the extensor mechanism and removed.  

10.4.4.3     Allograft Preparation 

 It is helpful to have a second surgical team prepare the 
allograft on the back table. The allograft tibial bone block 
should be in general 5 cm in length, 2 cm in depth, and 2 cm 
in width to allow for solid fixation into the host tibia 
(Fig.  10.2 ). A dove   tail should be created in the proximal por-
tion of the tibial allograft to allow it to be slotted into the 
native host tibia. Generally this is done in a distal anterior to 
proximal posterior direction at approximately a 30–45° angle 
(Fig.  10.3 ). It is not necessary or recommended to resurface 
the allograft patella.    

10.4.4.4     Preparation of the Host Tibia 

 The proximal portion of the trough in the host tibia should 
start no less than 15 mm below the host tibial bone to prevent 
graft escape or proximal fracture. The trough can be outlined 
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  Fig. 10.2.    The whole proximal tibial allograft allows for customiza-
tion of the allograft tibial bone block. The bone block should, if 
possible, be 5 cm in length, 2 cm in width, and 2 cm in depth.       

  Fig. 10.3.    A dovetail is created in the bone block from distal ante-
rior to proximal posterior. This allows the allograft to be slotted into 
the native tibia for extra stability.       
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with a marking pen and the dimensions should be made 
slightly less than that of the allograft bone block to allow for 
a secure press-fit. Two to three 16 or 18 gauge wires can be 
placed through drill holes in the tibia to allow for secure fixa-
tion (Fig.  10.4 ). If a stemmed component is to be used, the 
trial component should be in place when the trough is made 
to ensure that the wires can be safely passed without interfer-
ing with the position of the stemmed component. Once the 
trough has been prepared, the allograft tissue is dovetailed 
into the trough and gently tapped into place. The wires are 
then sequentially tightened, twisted, and bent laterally to 
allow for appropriate soft tissue coverage (Fig.  10.5 ).    

10.4.4.5     Preparation of Proximal Portion of Allograft 
and Host Quadriceps Tendon 

 The proximal portion of the allograft is then secured on both 
sides with heavy nonabsorbable suture placed in a running, 
locking fashion along the medial and lateral aspects of the 
tendon, creating four free strands of suture proximally 
(Fig.  10.6 ). The knee is then brought into full extension. The 
extensor mechanism allograft tissue is tensioned by an assis-
tant proximally. Sutures or clamps can be used to secure the 
host quadriceps mechanism and these are pulled distally over 

  Fig. 10.4.    Two to three wires are placed posterior to the tibial slot to 
allow for fixation of the allograft tibial bone.       
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the top of the allograft quadriceps tendon. The host quadri-
ceps is then sewn over the top of the allograft in a “pants-
over- vest” technique, using nonabsorbable suture (Fig.  10.7 ). 
It is extremely important at this step that maximal tension is 

  Fig. 10.5.    The wires are tightened for fixation of the allograft to the 
host bone.       

  Fig. 10.6.    The proximal portion of the allograft tendon is sutured 
with heavy nonabsorbable suture in a running locking fashion.       
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kept on the allograft and host tissue while the allograft is 
being sewn into place. Additionally, one must not at anytime 
flex the knee to test the stability of the graft. It must remain 
in full extension at all times. Closure allows for the entire 
allograft to be covered with native host tissue (Fig.  10.8 ).     

10.4.4.6    Postoperative Management 

 Appropriate postoperative management requires strict 
adherence to protocol and is essential to the success of exten-
sor mechanism reconstruction. Patients are placed in a rigid 
long leg cast postoperatively and allowed to be partial weight 
bearing with an assistive device. The cast should remain in 
place for a minimum of 6–8 weeks and changed when neces-
sary. At 4–6 weeks the patient may begin doing quadricep sets 
and assistive straight leg raises in the cast. 

 When the cast is removed, the patient should be placed in 
a hinged knee brace. The patient may then begin to weight 
bear as tolerated if the radiographs show incorporation of the 
allograft bone block. In addition, quad sets and straight leg 
raises are continued. The hinged knee brace is unlocked to 

  Fig. 10.7.    The allograft is then pulled proximally and the native host 
quadriceps tendon is pulled distally and sutured together under 
maximum tension in full extension.       
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allow 0–30° of flexion and flexion is increased by 20–30° 
every 2–3 weeks. Patients should avoid passive flexion of the 
knee by a therapist to prevent stretching of the graft. Flexion 
should be done against gravity or actively by the patient. 
Active and active assisted extension is allowed. Once the 
patient reaches 90° of flexion (generally 6–8 weeks after cast 
removal), the brace can be removed and gradual increase in 
flexion is allowed.    

10.5     Outcome 

 The patient tolerated the surgical procedure well. She was 
placed on 6 weeks of chemical thromboprophylaxis 
while immobilized in the cast. She was compliant with the 

  Fig. 10.8.    Closure allows for native tissue to completely cover the 
allograft extensor mechanism.       
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postoperative rehabilitation protocols and at 6 months from 
surgery was ambulating without the need of any assistive 
devices. She had active full extension with no apparent flex-
ion lag and flexion to 115°.  

10.6     Literature Review 

 There is a relative paucity of clinical literature on extensor 
mechanism reconstruction, owing to its relative rarity as a 
complication as well as the variety of techniques described. 
Reconstruction with an allograft has the most supporting lit-
erature, but still suffers from low patient numbers and some 
early variation in technique that led to poor outcomes. 
Leopold et al. (1999) reported their results of whole extensor 
mechanism allografts in seven patients [ 10 ]. At an average 
clinical follow-up of 30 months, all seven were deemed clini-
cal failures as each had extensor lags of at least 30° and most 
required ambulatory aids. 

 In 1999, Nazarian and Booth described the maximal ten-
sioning of the allograft in full extension [ 11 ]. This technical 
change has led to improvement in success and functional 
outcomes of this procedure. At an average follow-up of 3.6 
years, 36 patients had an average extensor lag of 13° and 23 
patients had active full extension. Burnett compared the 
results of these two techniques [ 12 ]. In the nontensioned 
group, the average extensor lag was 59° and all patients were 
considered clinical failures. In the group that included the 
allograft tensioned in extension, the average extensor lag was 
4.3° and all patients had improvement in Knee Society scores. 
These two studies emphasize the important technical aspect 
of placing and keeping maximal tension on the graft during 
the repair and in the postoperative period. 

 Brown and Hanssen have reported on a series of 13 
patients that underwent reconstruction of a ruptured patellar 
tendon with the use of a synthetic mesh [ 9 ]. The surgical tech-
nique is well described in this article. There were three cases 
of graft failure and one case of failure for recurrent sepsis. 
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The remaining nine patients had an average extensor lag of 
2.8°. The cost of the synthetic mesh at the author’s institution 
was $122.00 compared to $4,437.45 for a whole extensor 
mechanism allograft. While the result of this technique is 
early, the use of synthetic mesh for reconstruction of extensor 
mechanism dysfunction may be a cost-effective means for 
reconstruction compared to the use of allograft tissue.  

10.7     Clinical Pearls/Pitfalls 

•     Extensor mechanism disruption is an infrequent but dev-
astating complication following total knee arthroplasty.  

•   Preventive efforts through identification of at-risk patients 
and meticulous surgical technique are essential to mini-
mize risk of disruption of the extensor mechanism.  

•   Allograft extensor mechanism reconstruction is the most 
published and studied technique.  

•   Tensioning of the allograft in full extension is of critical 
importance for the success of the surgical technique.  

•   Patellar resurfacing of the allograft patella is unnecessary.  
•   Postoperative protocol is critical. Immobilizing the leg in 

extension for 6–8 weeks is recommended before the intro-
duction of gradual range of motion.        
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11.1             Introduction 

 Distal femur periprosthetic fractures are increasing in inci-
dence and provide unique challenges for the orthopedic sur-
geon when considering treatment. The rates are reported 
between 0.3 % and 5.5 % in primary total knee replacements 
and up to 30 % in revised total knee replacements [ 1 ]. 
A  majority of these fractures are low velocity mechanism in 
a patient with osteoporosis. The Rorabeck and Lewis classifi-
cation not only provides a descriptive classification but also 
correlates with treatment options. These fractures are typi-
cally treated operatively due to importance of early mobiliza-
tion on morbidity and mortality in this patient population. 
Type 1 and 2, implant stable fractures, can be fixed utilizing 
locked plating or intramedullary nailing while type 3, implant 
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unstable, typically requires revision of femoral component. 
Operative fixation technique is based on soft tissue consider-
ations, bone stock of distal fracture fragment, implant avail-
ability, and other ipsilateral hardware or pathology present. 
Complexity of revision arthroplasty will depend on degree of 
comminution, previous implant type, ligamentous stability, 
and patient’s functional level. As with any revision knee 
arthroplasty, technique should minimize bone removed and 
level of constraint should be appropriate for balance. Allograft 
combined with prosthesis or as an adjunct with internal fixa-
tion is a consideration that can be useful when inadequate 
bone stock or healing potential is a concern. When treated 
appropriately, surgical intervention can facilitate early mobi-
lization while leading to a high level of satisfaction. 

11.1.1     Epidemiology 

 A majority of periprosthetic distal femur fractures are supra-
condylar fractures. They happen more commonly due to low 
velocity falls in elderly patients rather than high velocity 
mechanisms which coincides with the biology and risk charac-
teristics of the patient population. Risk factors described 
include revision arthroplasty, osteoporosis, rheumatoid arthri-
tis, and chronic steroid use as with many fractures in older 
patients. Another often discussed risk factor for fracture is 
notching of the femur during the anterior cut of the distal 
femur. While biomechanics studies have confirmed that notch-
ing weakens the interface above the femoral implant 18 % in 
bending and 39 % in torsion [ 2 ], other studies have not been 
able to correlate an increased clinical risk of  fracture with 
notching [ 3 ]. It is generally agreed that notching should be 
avoided but is likely not the cause of most of these fractures.  

11.1.2     Classification 

 Several classifications for distal femur periprosthetic frac-
tures have been proposed. The one most commonly utilized 
is the Rorabeck and Taylor classification which takes into 
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account both fracture location and implant stability [ 4 ] 
(see Fig.  11.1 ). 

   Type 1: Non-displaced and well-fixed implant  
  Type 2: Displaced and well-fixed implant  
  Type 3: Non-displaced or displaced with loose implant     

11.1.3     Management 

 Treatment options for distal femur periprosthetic fractures 
include nonoperative treatment, conventional plate fixation, 
locking plate fixation, intramedullary nail, external fixation, 
and revision knee arthroplasty. Nonoperative treatment is 
typically not advised unless surgery is medically contraindi-
cated. Nonoperative management often leads to high rates of 
nonunion, malunion, and poor patient satisfaction [ 5 ,  6 ]. 
External fixation may be a reasonable option in some 
patients but requires pins to be placed away from the total 
knee implants given high incidence of pin site infection. This 
typically requires spanning the knee joint which does not 
facilitate early motion and contributes to a stiff knee. For 
these reasons open reduction and internal fixation versus 
revision arthroplasty are the treatments of choice in distal 
femur periprosthetic fractures. 

  Fig. 11.1.    Rorabeck and Lewis classification: type 1 non-displaced 
fracture with well-fixed implant; type 2 displaced fracture with well- 
fixed implant; type 3 non-displaced or displaced fracture with loose 
implant.       
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 The following cases below will discuss the indications for 
plate fixation, intramedullary nailing, and revision knee 
arthroplasty.   

11.2     Case Presentation #1 

    A 66-year-old woman presented to the emergency depart-
ment with right thigh pain and deformity after slipping on a 
rock while cleaning her pond. She had previous total knee 
replacement 7 years prior with previously well-functioning 
and pain-free result. She denies any other injuries. Her 
comorbidities include morbid obesity, type 2 diabetes, chronic 
kidney disease, hypertension, and hyperlipidemia. 

 Physical exam shows isolated pain and deformity to the 
distal femur with skin intact. Previous surgical wound is 
well healed with no evidence of skin compromise and leg is 
neurovascularly intact   . Patient is morbidly obese with much 
of her weight carried in her thigh. 

11.2.1     Diagnosis/Assessment 

 The patient has a closed distal femur periprosthetic fracture 
with a stable implant, Lewis and Rorabeck type 2 fracture. 
The displaced component is meta-diaphyseal with a 
 non- displaced fracture extension ending at the level of the 
implant (see Fig.  11.2 ).   

11.2.2     Management 

 The recommended treatment options for this patient include 
locking distal femur plate vs. a retrograde intramedullary 
implant. Both have been shown to provide superior fixation 
when compared to traditional nonlocking plates [ 7 ,  8 ]. In this 
case we chose to use an intramedullary nail. The intramedul-
lary nail requires a smaller exposure which is a concern in 
this obese patient with multiple comorbidities. It also allows 
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 distribution of forces over a longer construct in a fracture 
that extends into the diaphyseal region of the femur [ 8 ]. 
Some studies have shown lower nonunion rates in intramed-
ullary nails when compared to locking plates [ 9 ,  10 ]. 
Considerations that should be made for an intramedullary 
nail include adequate bone stock distal to fracture for lock-
ing screws, a stable implant, and an implant that will facili-
tate nail insertion. Relative contraindications include hip 
hardware (i.e., existing intramedullary nail proximally) or 
existing hip arthritis that may require hip arthroplasty in the 
near future. In these cases, retrograde intramedullary implant 
may be possible if there is an adequate amount of space 
between the distal tip of any existing fixation in the proximal 
femur and the proximal tip of retrograde fixation so as not 
to create a stress riser. 

  Fig. 11.2.    Displaced distal femur periprosthetic fracture with likely 
stable implant, type 2, with a non-displaced fracture extension end-
ing at level of implant.       
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 A retrograde intramedullary nail was placed through the 
intercondylar notch through small portion of previous skin 
exposure. Careful consideration was taken to protect the 
polyethylene and femoral component with the soft tissue 
protector. The nail was then placed in a standard manner. 
Appropriately sized nail was inserted and locked with 2 
screws proximally and 3 screws distally. Patient was made 
weight bearing as tolerated in the immediately postoperative 
period (see Fig.  11.3 ).   

11.2.3     Clinical Pearls/Pitfalls 

•     Rorabeck type 1 or 2 fractures  
•   No previous hip arthroplasty or hip arthritis  
•   Adequate bone stock distal to fracture site  
•   Distal femur implant facilitates intramedullary nail  
•   Skin over knee facilitates insertion  
•   Femoral radius of curvature appropriate for insertion 

point accessibility, heavily influenced by both fixation nail 
and current arthroplasty implant.      

  Fig. 11.3.    Type 2 distal femur periprosthetic fracture after reduction 
and internal fixation with a retrograde intramedullary nail.       
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11.3     Case Presentation #2 

 The patient is a 63-year-old female presented to the  emergency 
department after trip and fall with left thigh pain and defor-
mity. She had previous total knee replacement 6 months ago 
and was doing well walking without a walking aid prior to the 
fall. Patient denies any other injuries. Medical problems 
include hypertension, diabetes, and asthma. 

 Physical exam shows isolated pain and deformity to the 
distal femur with skin intact. Previous surgical wound is 
well healed with no evidence of skin compromise and leg is 
neurovascularly intact. 

11.3.1     Diagnosis/Assessment 

 The patient has a closed distal femur periprosthetic fracture 
with a stable implant, Lewis and Rorabeck type 2 fracture. 
Fracture is at the level of the anterior femoral interface with 
mild comminution and transverse (see Fig.  11.4 ).   

  Fig. 11.4.    Displaced distal femur periprosthetic fracture with likely 
stable implant, type 2, transverse with mild comminution.       
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11.3.2     Management 

 The recommended treatment options for this patient include 
locking distal femur plate, retrograde intramedullary implant, 
or revision knee arthroplasty. Intraoperative assessment of the 
distal    femur component is necessary to ensure that it remains 
well fixed. If it does remain well fixed, it appears that adequate 
bone stock to avoid a revision knee replacement. An intramed-
ullary implant is not a great option due to distal fracture loca-
tion which will not accommodate adequate distal locking 
screws. A locking distal femur plate has been shown to be an 
effective treatment option for this fracture and is superior to 
nonlocking plates which have significantly higher rates of mal-
union, nonunion, and reoperation rates [ 7 ]. Allograft may be 
utilized as an adjunct to distal femur plating [ 11 ] or even intra-
medullary fixation [ 12 ], when additional stability or biology 
may be required. The use of allograft strut fixation either alone, 
or in conjunction with plate and/or intramedullary fixation, is 
largely surgeon preference but has been shown to provide reli-
able fracture union, improved alignment, and increased femo-
ral bone stock with a high incorporation rate [ 13 ]. 

 A distal femur locking plate was chosen for fixation of the 
fracture. A lateral approach was made to the distal femur, 
and the distal femur implant to bone interface was visualized 
to confirm the component remained well fixed. After con-
firming    implant stability, the fracture was reduced and the 
plate was placed using AO technique. Proximal screws were 
placed percutaneously with the aid of fluoroscopy to mini-
mize soft tissue disruption. No allograft was utilized based on 
clinical judgement in this patient. The patient was non-weight 
bearing for 2 weeks and progressive weight bearing for next 
4 weeks (see Fig.  11.5 ).   

11.3.3     Clinical Pearls/Pitfalls 

•     Rorabeck type 1 or 2 fractures  
•   Adequate bone stock distal to fracture site  
•   Consider allograft extracortical or intramedullary  
•   Locking plates are preferable to nonlocking plates      
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11.4     Case Presentation #3 

 The patient is a 76-year-old female presenting to the 
 emergency department after slipping in water and falling 
from standing. She now presents with severe knee pain and 
deformity. She previously underwent total knee arthroplasty 
2 years prior to injury with good pain relief and function. 
Patient denies any other injuries and medical comorbidities 
include hypertension, hyperlipidemia, and cardiac disease 
with previous intervention. 

11.4.1     Diagnosis/Assessment 

 The patient has a closed displaced distal femur periprosthetic 
fracture but unclear whether implant is stable, Lewis and 
Rorabeck type 2 vs. 3 (see Fig.  11.6 ). A CT scan was obtained 

  Fig. 11.5.    Type 2 distal femur periprosthetic fracture after open 
reduction and internal fixation with distal femur plate.       
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which shows the comminution extends to the implant bone 
interface indicating the implant will likely be unstable but 
unable to tell for certain with imaging alone (see Fig.  11.7 ).    

11.4.2     Management 

 The recommended treatment options will depend on whether 
the implant is found to be stable intraoperatively. If the 
implant is stable, a distal femur locking plate may be a good 
option. In this case however, it is likely that the implant is 
unstable and will require revision arthroplasty. The type of 
prosthesis used is determined based on bone stock and 
patient activity level (i.e., minimal ambulators, who may rely 
on their implants largely for transfers only, versus more 
active, mobile patients who may be household or community 
ambulators). When adequate metaphyseal bone stock is pres-
ent, revision techniques related to deficient bone stock may 
be utilized including stemmed implants and augments. Often 
inadequate metaphyseal bone stock is present and either 

  Fig. 11.6.    Displaced distal femur periprosthetic fracture with sus-
pected loose implant, type 2 vs. 3.       
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structural allograft or a distal femur replacement is required. 
Combined distal femur allograft with stemmed implant has 
been reported with ability to reattach host tissues with good 
results [ 14 ]. Distal femur replacement with hinged prosthesis 
also provides a reliable option but is best suited in low 
demand patients [ 15 ,  16 ]. 

 The fracture was assessed intraoperatively and deter-
mined that the implant was not well fixed. Fracture comminu-
tion extended into the metaphysis making revision 
arthroplasty with augments or stemmed implants inadequate. 
Based on the patient’s low functional demands and comor-
bidities, a distal femur replacement with hinged prosthesis 
was utilized. The patient was made weight bearing as toler-
ated and progressed well after surgery (see Fig.  11.8 ).   

  Fig. 11.7.    CT scan of the displaced distal femur periprosthetic frac-
ture seen    in Fig.  11.6  that confirms comminution extends to implant 
bone interface and will likely be loose, type 3, which assists with 
preoperative planning.       
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11.4.3     Clinical Pearls/Pitfalls 

•     Rorabeck type 3 fractures  
•   Implant choice based on bone stock and activity level  
•   Revision principles apply; i.e., appropriate implants avail-

able, struts and/or plates available, assessment of bone 
stock intraoperatively, and appropriate exposure planned.  

•   Favor less constraint and preserve bone in young/active  
•   Favor one surgery, short operative time, early mobility in 

old/inactive         
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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

Defect
Size

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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13.1             Introduction 

 Instability after total knee arthroplasty is second only to 
infection as a cause for revision within the first 5 years [ 1 ]. As 
the numbers of knee arthroplasties performed in the United 
States grow at a steady rate, this clinical problem will likely 
increase accordingly. In managing these patients, it is critical 
to identify a clear etiology before proceeding with revision 
surgery. Preoperative planning is also essential to ensure that 
all necessary implants are available. While the best solution 
to this problem is prevention, these cases do provide insight 
into potentially avoidable mistakes at the time of primary 
surgery. There are however unavoidable circumstances that 
can lead to this problem, and it is important to be familiar 
with current techniques and available equipment necessary 
to manage such cases.  
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13.2     Case Presentation 

 A 62-year-old male with history of a right total knee 
 arthroplasty 2 years prior presented to the office with contin-
ued pain with range of motion and activity. He described a 
sensation of giving way or collapse of the knee at times, par-
ticularly with stair descent. The patient also complained of 
occasional increased warmth in the knee and associated 
recurrent effusions. He denied fevers or chills and did not 
recall any problems with wound healing following his surgery. 
He felt that he had lost some of his motion in the right knee 
over the past year. On physical examination the patient 
ambulated with a mild right-sided antalgic gait with no assist 
device. Examination of the right knee revealed a mild effu-
sion with slight warmth to palpation. Tenderness was elicited 
over the lateral joint line and in the area of the pes bursae at 
the proximal medial tibia. Range of motion was from 0 to 
105° with pain at the extremes of motion. The knee was stable 
to valgus stress but had mild laxity with varus stress in full 
extension and 30° of flexion. There was at least 5 mm of 
 opening to varus stress on the lateral side of the knee in 90° 
of flexion and increased AP translation with the patient 
seated and knee hanging at 90° of flexion with AP stress. 

 Although ESR and CRP were normal at 8 and 0.2 respec-
tively, concerns clinically for potential infection led to 
 aspiration of the knee. Knee aspirate in the office resulted in 
30 mL of bloody synovial fluid and WBC count of 450 with 
high red blood cell count. 

 Cultures were    no growth at 14 days. 
 Radiographs taken in the office and review of the previous 

operative report confirmed a cemented posterior stabilized 
total knee arthroplasty with a rotating platform polyethylene 
insert and resurfaced patella. A slight radiolucency behind 
the anterior flange of the femur was noted but otherwise 
components appeared well fixed. A slightly asymmetrical 
patellar cut was observed with lateral tilt on the Merchant 
view (Fig.  13.1 ).   
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13.3     Diagnosis/Assessment 

13.3.1     History 

 The evaluation of ligamentous instability after total knee 
arthroplasty continues to be challenging, particularly in cases 
when radiographic and/or physical exam findings are not 

  Fig. 13.1.    Preoperative AP ( a ), lateral ( b ), and Merchant view ( c ) 
radiographs demonstrating component positioning after index TKA 
procedure.       
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inherently obvious. As always, a detailed history both before 
and after the index procedure is vital. Patients with subtle 
instability patterns complain of catching, giving way, or ante-
rior knee pain. Anterior knee pain often occurs as the patient 
tries to stabilize their knee by firing the quadriceps muscle on 
a chronic basis. While not always available, preoperative 
radiographs, exam findings, and indication for the initial pro-
cedure can be helpful in these circumstances. Important con-
siderations also include type of implant, a detailed 
postoperative course including physical therapy reports, pain 
chronology, operative technique including ligamentous 
releases, and pertinent patient factors including history of 
neuromuscular or connective tissue disease [ 2 ,  3 ]. Additional 
risk factors that have been described include obesity as well 
as planovalgus foot deformities [ 3 ]. Other historical clues in 
subtle cases include recurrent effusion, difficulty with ascend-
ing/descending stairs, soft tissue tenderness, and anterior 
knee pain [ 4 ]. Implant migration and failure, neuromotor 
dysfunction, and extensor mechanism failure are other poten-
tial rare causes of global instability. Symptoms include giving 
way, recurvatum, and poor quad function.  

13.3.2     Physical Exam 

 While physical exam findings such as varus or valgus thrust 
during gait or gross sagittal subluxation on exam may be 
easier to detect, subtle findings may be more difficult to iden-
tify, particularly if the patient is guarding [ 5 ]. In full extension 
the knee may feel stable to varus and valgus stress; however 
a tight posterior capsule can act as a coronal stabilizer. The 
knee should also be examined at 30° to isolate the collateral 
ligaments and at 90° to assess anterior-posterior translation. 
This is best done with the patient sitting over the edge of the 
bed with the knee hanging from the table. Patellar tracking 
abnormalities should also be noted as these can be suggestive 
of component malrotation.  
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13.3.3     Radiographs 

 Careful radiographic analysis can also help identify potential 
contributing factors. If initial preoperative radiographs are 
available, they should be examined for significant mechanical 
axis abnormalities and anatomic deformity as well as 
increased posterior condylar offset that may have been 
resected during surgery. Postoperative radiographs including 
AP, lateral, merchant, and 3 ft standing views should be 
 examined for joint space asymmetry, polyethylene insert 
size, implant-bone over or undercoverage, patellar tilt, and 
mechanical axis correction. Stress views are also helpful in 
delineating varus-valgus instability (AP view) or anterior/
posterior instability (lateral view).  

13.3.4     Other Tests 

 Infection should be ruled out in this patient population, 
oftentimes presenting pain, warmth, and recurrent effusions. 
It is not unusual that numerous aspirations of the joint due to 
recurrent effusions have been performed. Multiple aseptic 
aspirations of recurrent bloody effusions should be an addi-
tional clinical insight into possible ligamentous instability 
etiology of the patient’s complaints [ 6 ]. Routine inflamma-
tory markers should be assessed in conjunction with aspira-
tion results. If there is suspicion for component malrotation 
resulting in ligamentous instability, CT scans have been 
shown to be helpful to identify such abnormalities; however 
the intra- and interobserver reliability has been variable [ 7 ]. 
CT scan should include the hip joint to assess rotational 
alignment of the implant in relation to the femoral axis. Full- 
length       standing films can also help diagnose mechanical 
alignment abnormalities or unrecognized femoral or tibial 
deformities at the index procedure that may have led to 
incorrect implant positioning.   
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13.4     Management 

 After consideration of both clinical history and physical 
exam at presentation, a working diagnosis of medial flexion 
coronal instability in flexion and AP flexion instability (sagit-
tal) was made. Preoperative planning included insurance of 
implant availability which included constrained components 
with associated augments compatible with the current 
implant. Canal reamers and appropriate equipment for com-
ponent removal including a microsagittal saw, osteotomes, 
and an available burr were also available. 

 The previous midline incision was used and extended 
proximally into native tissue to establish a recognizable tissue 
dissection plane. A midline parapatellar arthrotomy was car-
ried out and the joint fluid that was encountered was sent for 
culture. Tissue specimens that were taken from multiple sites 
and sent to pathology returned intraoperatively with <5 
PMNs per high power field in all samples. Intra-articular scar 
formation was meticulously excised from the medial and lat-
eral gutters and the patellar inversion technique [ 8 ] was used 
for exposure. This technique is our preferred initial exposure 
and has been shown to provide adequate exposure in >95 % 
of cases in one study of 420 knee revisions. This involves early 
lateral retinacular release followed by subperiosteal eleva-
tion of the medial ligamentous sleeve while gradually exter-
nally rotating the tibia, extending to the posteromedial 
corner. The rotating platform polyethylene insert was 
removed with an osteotome after anterior dislocation of the 
tibia and was inspected for asymmetric as well as backside 
wear. Attention was then turned to the tibial component 
which was well fixed and noted to be in appropriate external 
rotation with regard to the tibial tubercle. At this point the 
flexion and extension gaps were examined with a tensioning 
device. The extension gaps were noted to be symmetric; 
however the flexion gap revealed excessive lateral opening 
upon tensioning (Fig.  13.2 ). Based on the tibial component, 
which was measured to be neutral to the mechanical/anatomic 
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axis of the tibia, the femoral component was noted to be 
in approximately 8° of internal rotation while under tension 
(Fig.  13.3 ). At this point the decision was made to proceed 
with femoral revision.   

 A microsagittal saw was used to disrupt the implant- 
cement interface in order to conserve as much native bone as 
possible. A combination of a thin ¼ inch osteotome and the 
microsagittal saw was used at the chamfer cuts and the distal 
femur followed by disimpaction of the femur with relatively 
minimal bone loss. The femoral canal was then reamed 
sequentially and a 5° distal femoral cut was carried out. 
At this point a 4 in 1 cutting guide was placed and rotation was 
set based on the epicondyles and our flexion gap. We noted 
bone loss both posteriorly and distally and determined the 
need for corresponding augments to maximize bone-implant 
contact. Larger augments were placed posterolaterally in 
order to increase external rotation of the femoral compo-
nent. The flexion and extension gaps were noted to be equal, 

  Fig. 13.2.    Intraoperative demonstration of ligamentous instability 
with ( a ) having no tension followed by ( b ) exhibiting lateral opening 
upon tensioning of the medial and lateral soft tissues.       
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eliminating the need to posteriorize the femur and a 12.5 mm 
polyethylene trial was inserted. The knee was stressed at 0, 30, 
and 90° and deemed stable both in the coronal and sagittal 
planes. There was noted to be less than 5 mm anterior- 
posterior shuck at 90° of flexion and there was no gapping 
with varus/valgus stress in full extension. The synovial scar 
tissue surrounding the patella was completely debrided and 
there was no significant wear noted. An osteotome was 
placed between the bone-implant interface and there was no 
loosening noted. At 90° of flexion there was mild residual 
lateral tilt noted and a lateral release was performed, after 
which the patella tracked well with a no thumbs technique. 
Antibiotic impregnated cement was mixed on the back table 
and the femoral implant was cemented in place using a third 
generation cementing technique. The trial polyethylene was 
placed and axial pressure was placed on the leg until the 
cement was dry. The flexion and extension gaps were once 
again verified and a 12.5 mm polyethylene was seated. Two 

  Fig. 13.3.    Intraoperative demonstration of improper rotational 
alignment of the femoral component with internal rotation of 
approximately 8°.       
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medium Hemovac drains were placed and the arthrotomy 
was closed followed by skin closure.  

13.5     Outcome 

 At most recent follow-up visit 2 years following the revision 
procedure, the patient states that he has increased his activity 
level and requires no assist devices for ambulation. Patient 
describes some occasional crepitus around the patella but 
otherwise no complaints. He denies any further symptoms of 
instability or giving way and has no difficulty navigating 
stairs. Examination shows range of motion from 0 to 120° and 
stable in both coronal and sagittal planes through the full arc 
of motion. Postoperative radiographs at 3 months are shown 
in Fig.  13.4 .   

  Fig. 13.4.    Postoperative AP ( a ) and lateral ( b ) radiographs with new 
femoral prosthesis and balancing of the soft tissues.       
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13.6     Management of Ligamentous Instability 

 It is essential to identify the type of instability that is present 
before an appropriate preoperative plan can be formulated. 
There are several etiologies to consider which include com-
ponent malposition, inadequate restoration of the mecha-
nical axis, ligamentous insufficiency from any cause, and 
imbalance of flexion-extension gaps. Differing combinations 
of these can result in three planes of instability to consider: 
varus-valgus, anterior-posterior(flexion), and global. 

 Posterior substituting implants introduce constraint in the 
anterior-posterior plane and can be considered in isolated 
sagittal instability, specifically in cases where a previous cru-
ciate retaining design was used with subsequent flexion 
instability. If further stability is required in the coronal plane, 
additional constraint is achieved using a varus-valgus con-
strained insert (VVC) which most companies manufacture. 
This provides both coronal and sagittal restraint as well as 
partial axial stability by using a taller, wider post and a 
deeper femoral box. It is important to determine implant 
specific post/box sizes as these can differ between compa-
nies. As constraint increases, so do the forces which are 
transmitted through the implant-bone interface. In one 
study, these contact forces were increased 20–60 %  compared 
to a posterior stabilized design [ 9 ]. The addition of a 
stemmed implant can help redistribute a portion of the 
excess force into the  diaphysis. While stemmed constrained 
implants have been shown to have successful midterm fol-
low-up [ 10 ,  11 ], they have been to found to have drawbacks 
including pain at the distal tip of the implant [ 12 ] and are 
difficult to remove if future surgery is needed. Currently 
there has been data suggest a stem may not be needed in a 
primary knee setting [ 13 ]; however this has not been studied 
in knee revisions where bone stock is often weakened. Thus 
in the revision setting in which  additional constraint is used, 
a stemmed implant is still recommended. If a constrained 
insert still does not provide adequate stability, the final 
option is a rotating hinge. While these have inherent risks 
such as infection, fracture, and increased loosening, modern 
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implants have been shown to have moderate clinical success 
[ 14 ] and often are the only viable reconstructive option in 
some cases. 

 Prior to surgery, constraint options should be considered 
and availability confirmed with the implant manufacturer. To 
minimize implant-interface contact stresses, the least amount 
of constraint should be used [ 15 ]. As cruciate retaining 
implants represent the least constraint in total knee design, 
these are rarely used in the revision setting. 

13.6.1     Flexion Instability 

 Instability in the anterior-posterior (or sagittal) plane often 
occurs from a flexion-extension mismatch resulting in a loose 
flexion gap. This situation can also arise in cruciate retaining 
prostheses that develop attritional rupture of the native 
PCL. While the latter can often be corrected with a cruciate 
substituting insert with a possible upsized insert if needed, the 
former situation often requires revision of the femoral compo-
nent. If the joint line is already elevated, the preferred strategy 
involves addressing the flexion gap by increasing the femoral 
component size, using a posterior shifted adaptor, and/or using 
additional posterior augments. A common  mistake is to simply 
increase the polyethylene insert size; however this will often 
lead to a flexion contracture postoperatively.  

13.6.2     Coronal Instability 

 Varus-valgus (or coronal) instability can be broken down into 
three categories: extension, flexion, and mid-flexion. 
Extension instability usually involves imbalance of the 
 collateral ligaments which can be appreciated on physical 
exam as well as radiographs showing asymmetry of the joint 
spaces. Often this is the result of incomplete or under release 
of the concave side and failure to catch up with the convex 
side during the index procedure. In these cases, further soft 
tissue release on the concave side may provide sufficient 
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balance to the knee and typically a thicker poly insert is 
required. A VVC insert is often the poly implant of choice as 
sufficient balance of the soft tissues throughout the range of 
motion can be quite difficult in such revisions and may alter the 
overall flexion gap with manipulation of the extension gap. 

 Flexion and particularly mid-flexion coronal instability are 
often more difficult to diagnose and can involve femoral mal-
rotation and/or elements of collateral ligament incompe-
tence. If femoral malrotation is present, there is often 
symmetry seen in the merchant view of the patellofemoral 
joint with concomitant patella maltracking. This often can 
occur from failure to appropriately balance soft tissue at the 
initial operation or posterior condylar resection that leads to 
an asymmetric gap in flexion. It has been shown that creating 
an equal flexion space improves motion and is associated 
with less postoperative tibial pain [ 16 ]. Thus the goal is to 
achieve a rectangular gap at the time of revision. This is 
achieved using the flexion gap to determine rotation of the 
femoral component and if posterior condylar bone loss is 
present, using augments to provide condylar support in the 
appropriately determined rotation. If further stability is 
required, a VVC implant can also be used.  

13.6.3     Global Instability 

 Global instability often presents with frank dislocation or 
gross multiplanar instability and often is more difficult to 
manage. Incompetent or nonexistent collateral ligaments 
may lead to gross multiplanar instability with numerous 
potential causes. This instability may be directly related to 
severe preoperative deformity prior to the index procedure 
never fully addressed, iatrogenic soft tissue injury during 
the index procedure, or progressive soft tissue laxity. In these 
cases a rotating hinge prosthesis can be considered and often 
required to get appropriate stability and function from the 
revised construct. Primary indications for use of a hinged 
construct include severe distal femoral bone loss or an infi-
nite flexion gap in which equilibration to the extension gap is 
not possible. 
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 The goal of revision knee surgery in any of these cases is 
to restore a mechanically stable, balanced, functional knee. If 
the specific etiology can be identified prior to surgery, opera-
tive efforts will likely be more successful and reproducible 
outcomes.   

13.7     Clinical Pearls/Pitfalls 

•     Instability following total knee arthroplasty is a common 
mode of failure and a thorough history and careful physi-
cal exam are both crucial to proper management.  

•   Identifying the mode of instability prior to surgery is nec-
essary for successful surgical outcome.  

•   As a general rule, the least constraint possible to allow for 
a stable knee arthroplasty should be utilized.  

•   Use more than one bony landmark to confirm femoral 
rotation.  

•   Elevated suspicion for ligamentous instability with recur-
rent bloody effusions [ 6 ].  

•   Lateral patella tilt often a sign of femoral or tibial compo-
nent malrotation.  

•   CT scan may help assess femoral and tibial component 
malposition particularly in regard to rotation.  

•   Constraint is not necessarily required for every revision for 
ligamentous instability; however equilibration of medial 
and lateral soft tissue tension may not always be possible 
and thus necessitate higher constraint within the construct.        
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