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ä

Knee arthrodesis after failure of a total knee arthroplasty (TKA) because of periprosthetic joint infection (PJI) may
provide superior functional outcome and ambulatory status compared with above-the-knee amputation.

ä

The use of an intramedullary nail (IMN) for knee arthrodesis following removal of TKA components because of a PJI
may result in higher fusion rates compared with external ﬁxation devices.

ä

The emerging role of the antibiotic cement-coated interlocking IMN may expand the indications to achieve knee
fusion in a single-stage intervention.

ä

Massive bone defects after failure of an infected TKA can be managed with various surgical strategies in a singlestage intervention to preserve leg length and function.

Primary total knee arthroplasty (TKA) is a common procedure
with a reported increase of 162% from 1991 to 2010 in the
United States1,2. From 2005 to 2030, it is projected that the
number of TKA procedures will grow by 673% or 3.5 million.
Furthermore, the demand for TKA revision because of failure
after primary TKA is projected to grow by 601% in 20301.
These numbers are concerning since multiple failed revisions
may result in an unreconstructible total knee replacement.
Knee arthrodesis in such circumstances can salvage the knee to
provide a stable extremity and restore the weight-bearing
ability. It is estimated that 0.21% to 1.11% of failures after TKA
result in knee arthrodesis3,4. In a recent report, the cumulative
incidence of knee arthrodesis after failure of TKA because of
periprosthetic joint infection (PJI) over 15 years was 0.26%5.
In some clinical circumstances, knee arthrodesis may
provide superior functional results and better ambulatory
status than transfemoral or above-the-knee amputations, particularly for patients who have had recurrent PJI of the knee
and underwent 2-stage revision6,7. In addition, transfemoral
amputations after failure of an infected TKA may pose a higher
risk of mortality compared with knee arthrodesis8,9. Other
treatment alternatives such as resection arthroplasty or long-term

suppressive antibiotics for recurrent PJIs are generally reserved
for patients with more severe preoperative disability and
medical comorbidity and those who are not candidates to
undergo further surgical intervention10-12.
In this article, we review the current indications, principles, techniques, and outcome data, and propose a treatment
algorithm for knee arthrodesis after failure of a TKA because of
infection.
Indications for and Timing of Knee Arthrodesis After a
Failed TKA
Currently, knee arthrodesis is a treatment option following
a failed unreconstructible total knee replacement. The most
common indication for fusion after failure of a TKA is recurrent PJI5,13,14. Other indications include an unreconstructible
extensor mechanism, large bone defects, a stiff painful knee
after TKA, and poor soft-tissue coverage.
The choice and timing for management of an infected
1-stage or 2-stage revision TKA have been debated. Available
options include repeat revision TKA, knee arthrodesis, transfemoral amputation, and resection arthroplasty. These can
be combined with long-term suppressive antibiotic therapy.
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Choosing among these treatment options often raises a clinical
and ethical dilemma regarding informed consent, respecting
the patient’s autonomy, and the surgeon’s recommendations.
This dilemma has been well described by Capozzi et al.15. When
knee arthrodesis is compared with repeat revision TKA after a
failed revision procedure for an infected TKA, the question that
must be then answered would be which of these 2 procedures
will better control the infection? Determining the answer is
often difﬁcult secondary to the lack of data that directly compare these procedures with matched patient demographics,
bone quality, virulence of infecting organisms, comorbidities,
and preoperative ambulatory and functional status. One
problem regarding knee arthrodesis after failed TKA is that it is
commonly perceived as an unfavorable option by most surgeons and patients, and therefore is often delayed or discarded.
The issue surrounding the timing of knee arthrodesis in such
patients is that by the time the patient and the surgeon capitulate to the idea of arthrodesis, it may no longer be feasible
secondary to substantial bone loss as a result of multiple revisions. Functional outcomes and union rates after knee arthrodesis can be jeopardized in patients who have had multiple
revisions secondary to poor bone stock and major bone loss16-19.
It has been suggested that fusing the knee could produce
functional results comparable with revision TKA in cases of
recurrent PJI4,20. Recent reports have also shown that 2-stage
revisions in patients with PJIs are associated with substantial
morbidity and mortality, and the reported success rates should
be interpreted with caution. Gomez et al. studied 504 patients
with chronic PJI and found that approximately 20% of the
patients never underwent the second-stage reimplantation21.
The authors suggested that previous reports on the outcome of
2-stage revision did not account for the mortality of these
patients as well as patients who never underwent reimplantation. Similarly, Cancienne et al. recently showed that 38% of
18,533 patients did not undergo a second-stage revision after
failure of an infected TKA22. These results have led some
authors to question the success of a 2-stage revision strategy23,24.
Thus, it is important to recognize that patient selection bias for
2-stage revision may contribute to the variability of reported
success rates among different authors.
Few studies have investigated the outcome of subsequent
procedures after failed 2-stage revisions. Kheir et al., in a recent
study, showed that repeat surgical intervention after a failed
2-stage revision for PJI was associated with poor outcomes25.
Those authors found that infection control, in this population,
after a repeat 2-stage revision failed in 38.4% of patients. Wu
et al. determined the utility values of health states after various
treatment options that could be performed following 2-stage
revision for an infected TKA26. Those authors included transfemoral amputation, suppressive antibiotics, knee arthrodesis,
and repeat 2-stage revision. On the basis of their sensitivity
analysis, they found that knee arthrodesis was most likely to
yield the highest expected quality of life after failing 1 attempt
at a 2-stage revision. Taken together, these studies highlight the
importance of early counseling and management of patients’
expectations after failure of an infected TKA and demonstrate

that knee arthrodesis may be considered after 1 failed 2-stage
revision.
Contraindications
The contraindications to knee arthrodesis include a prior contralateral knee arthrodesis or transfemoral amputation or an
ipsilateral hip arthrodesis13. These associated conditions would
affect the compensatory mechanisms for walking after knee
arthrodesis and considerably increase the energy expenditure.
Since knee arthrodesis increases the stress transfers across the
ipsilateral hip and ankle, it is important to evaluate the ipsilateral
hip and ankle arthritis and possibly address those joints while
preserving their mobility. Additionally, degenerative lumbar spine
disease is considered a relative contraindication as pelvic tilt and
compensatory forces, after the knee arthrodesis, can considerably
worsen the degenerative spinal pathology27.
Principles of Knee Arthrodesis
The key principles for knee arthrodesis after infection at the site
of a TKA include preoperative host optimization, infection
control, optimal knee fusion position, maximum bone contact
at the fusion site, and achieving desirable leg length.
Preoperatively, improving medical conditions is extremely
important. Modiﬁable risk factors such as diabetic control,
smoking, and nutritional status or medications that affect
wound-healing should be addressed. Infection control should
be managed both locally and systemically. Consulting an infectious disease specialist is often necessary to guide antimicrobial treatment. The surgical methods of local control
include 1-stage or 2-stage arthrodesis (described in the section
below). Any previous surgical scars and soft-tissue coverage
ﬂaps may necessitate plastic surgery consultation.
The position of the fused tibia and femur in the coronal
and sagittal planes is controversial. Some authors have advocated full knee extension to preserve limb length, whereas
others have advocated 10° to 15° of ﬂexion to slightly shorten
overall length and improve gait speed and sitting position28,29. It
is recommended that the ipsilateral lower extremity be shorter
than the contralateral one with a leg length discrepancy (LLD)
of approximately 1.5 cm to allow easier clearance during the
swing phase of gait30. While this goal is commonly cited in the
literature, it is often not possible to achieve target shortening
(e.g., 1.5 cm) secondary to bone loss after explantation of TKA
components. The average LLD (and standard deviation) after
TKA explantation was reported as 6.6 ± 2.8 cm in 1 study31. The
surgeon can measure and estimate the preoperative bone loss
and predicted LLD after debridement and/or TKA explantation
(Fig. 1). The decision is then made whether to accept the LLD.
Generally, LLD of <5 cm can be accepted in elderly patients and
treated with a shoe lift29,30. Conversely, younger patients and/or
a substantial LLD postoperatively may beneﬁt from a lengthening procedure. In patients with major comorbidities that
preclude a lengthening procedure, alternative methods (described in the following sections) should be considered to
optimize the leg length. Five to 7° of anatomical femoral valgus
has been suggested to be the optimal alignment in the coronal
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Fig. 1

Figs. 1-A, 1-B, and 1-C An elderly patient who had recurrent periprosthetic infections after failed TKA. He underwent explantation of the prosthesis at
another institution. Fig. 1-A Preoperative anteroposterior radiograph. Fig. 1-B The preoperative bone loss was measured as 4.3 cm (vertical blue line).
Additional bone resection was required on both the femur and tibia to attain maximum contact. The predicted LLD after debridement was estimated to be
9.3 cm (red line). Fig. 1-C Postoperative radiograph showing the long antibiotic-impregnated cement-coated interlocking IMN and cannulated antibioticloaded cement spacer technique to bridge the bone defect and preserve length.

plane to help decrease the varus stress on the ipsilateral hip and
ankle and to potentially minimize future pain in these joints32.
A trial period of placing the affected limb in a cylindrical cast
or knee immobilizer to mimic the postoperative knee fusion
position may provide insight into the potential problems that
the patient may face postoperatively during ambulation13.
Maximum bone contact at the arthrodesis site is key to
achieving union and may not be feasible to achieve acutely after
explantation of a TKA prosthesis. Additionally, in some cases,
acute shortening to attain bone contact may also compromise
primary soft-tissue closure31.
One-Stage Versus 2-Stage Arthrodesis
Arthrodesis after a failure of an infected TKA can be done in
1 or 2 stages. In 2-stage arthrodesis, debridement and irrigation, removal of components, and insertion of an antibiotic cement spacer are performed. Knee arthrodesis is then performed
after 6 to 8 weeks, if the infection has cleared. One-stage arthrodesis includes debridement and irrigation, removal of components, and a knee arthrodesis as a single surgical procedure.
Many authors have shown that the presence of internal
ﬁxation implants that are used in 1-stage arthrodesis is a risk
for development of a deep infection and have advocated 2-stage

arthrodesis14,33,34. In contrast, several studies have shown that
1-stage arthrodesis by using an intramedullary nail (IMN) or
external ﬁxation devices can be a safe and effective option in
the absence of virulent organisms or polymicrobial infections5,31,35,36. Regardless of the staging method, it is imperative to
recognize that the host susceptibility37 contributes to the success of infection control and/or eradication.
In the past decade, the use of antibiotic cement-coated
interlocking IMNs has shown promising results and may
expand the indications for 1-stage arthrodesis after infection
at the site of a TKA. In some cases, using this technique may
obviate the need for alternative methods such as using external
ﬁxation. Several reports have demonstrated the utility of antibiotic cement-coated IMNs to control the infection and obtain
fusion and/or union after failed procedures for infected TKAs,
infected ankle joints, and tibial osteomyelitis31,38-40.
IMNs
The advantage of using IMNs includes higher union rates than
those found in direct comparison with the use of external
ﬁxation devices (Table I)5,33-36,41-52. However, all of the reported
studies were retrospective in nature and subject to selection
bias. It is unclear whether patients with most virulent infections,
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TABLE I Previous Studies on Knee Arthrodesis After Failure of Infected TKAs*

Level of
Evidence

No. of
Patients
with Infected
Failed TKA

III

Yeoh et al.
(2008)

Mean
Follow-up
Period†

Staging/Method of
Arthrodesis†

Fusion Rate
(%)

85

Staging (NR)/external
ﬁxation (n = 61) and
short modular and
nonmodular IMN (n = 24)

96% (IMN
group) versus
67% (external
ﬁxation group)

Recurrent infection (n = 5)

13 mo

III

17

1 stage (n = 6) and 2
stage (n = 11)/short
modular IMN (n = 11)
and monolateral external
ﬁxator (n = 6)

91% (IMN
group) versus
33% (external
ﬁxator group)

Postop. infections (n = 5)
in IMN group and (n = 4) in
external ﬁxator group;
nonunion (n = 4) in
external ﬁxator group

NR

Domingo
51
et al. (2004)

III

21

2 stage (n = 21)/short
modular (n = 10) and
monoplanar or biplanar
external ﬁxation (n = 11)

90% (IMN
group) versus
<50%
(external
ﬁxation group)

Recurrent infection (n = 1)
in IMN group; pin site
infections (n = 5) in
external ﬁxation group

NR

Kuchinad
31
et al. (2014)

IV

21

2 stage (n = 16) and
1 stage (n = 5)/long
antibiotic-coated IMN
(n = 5) and circular
ﬁxator (n = 16)

100% (IMN)
versus 93%
(circular
ﬁxator)

Nonunion (n = 1),
vascular emboli (n = 1),
and wound infection (n =
1) in circular ﬁxator
group

42 mo

Klinger et al.
(2006)

48

IV

20

1 stage (n = 7) and 2
stage (n = 13)/
monolateral external
ﬁxator (n = 18) and short
modular IMN (n = 2)

85%

Nonunion (n = 2) and
recurrent infection (n = 1)
in external ﬁxation group

4.5 yr

Van Rensch
49
et al. (2014)

IV

13

2 stage/short modular
nail (n = 5)/external
ﬁxation (n = 8)

80% (IMN
group) versus
50% (external
ﬁxation group)

Nonunion (n = 3) and
recurrent infection (n = 1)
in external ﬁxator group;
recurrent infection (n = 1)
in IMN group

NR

Gottfriedsen
5
et al. (2016)

IV

152

1 stage (n = 89) and 2
stage (n = 71)/IMN (n =
32) and external ﬁxation
(n = 120)

84% (IMN
group) versus
61% (external
ﬁxator group)

Nonunion or persistent
infection (n = 34; group
was not speciﬁed)

19.2 mo

IV

12

2 stage (n = 12)/long
IMN

83%

Nail breakage (n = 1) and
recurrent infection (n = 1)

4.1 yr

De Vil et al.
(2008)

IV

15

2 stage (n = 15)/long
IMN or modular short IMN

60%

Septic nonunion (n = 4)

5 yr

Friedrich
35
et al. (2017)
Gallusser
36
et al. (2015)

IV

37

86.5%

15

43

IV

17

2 stage (n = 17)/long
IMN

94%

Recurrent infection
(n = 5)
Nonunion (n = 1), deep
infection (n = 1), and
peroneal nerve palsy
(n = 1)
Tibial fracture (n = 1),
femoral fracture (n = 1,
recurrent infection (n = 1),
and peroneal nerve palsy
(n = 2)

31 mo

IV

2 stage (n = 37)/short
modular IMN
2 stage (n = 15)/short
modular IMN

Study
Comparison of the
use of an IMN and
external ﬁxation
33
Mabry et al.
(2007)

50

Complications

Use of IMNs
Bargiotas
34
et al. (2007)
41

Leroux et al.
(2013)

75%

33 mo

16 mo

continued
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TABLE I (continued)

Level of
Evidence

No. of
Patients
with Infected
Failed TKA

IV

18

1 stage (n = 7) and 2
stage (n = 11)/long IMN

80%

Nonunion (n = 4), peroneal
nerve palsy (n = 1), and
intraop. fracture (n = 1)

20 mo

Razii et al.
(2016)
46
Talmo et al.
(2007)

IV

12

92%

Nonunion (n = 3)

48.5 mo

IV

29

1 stage (n = 9) and 2
stage (n = 3)/long IMN
1 stage (n = 4) and 2
stage (n = 25)/long IMN

83%

Nail breakage (n = 2) and
recurrent infection (n = 3)

48 mo

52

IV

17

2 stage (n = 17)/long IMN
or modular IMN (n = 17)

100%

Delayed union (n = 1)

30 mo

IV

15

1 stage (n = 15)/circular
ﬁxator

72%

Refracture after frame
removal (n = 2) and
recurrent infection
(n = 2)

36 mo

Study
Garcia-Lopez
44
et al. (2008)
45

Incavo et al.
(2000)

Use of external
ﬁxation
47
Bruno et al.
(2017)

Staging/Method of
Arthrodesis†

Fusion Rate
(%)

Complications

Mean
Follow-up
Period†

*Studies reporting on a minimum of 10 patients over the previous 2 decades (1997 to 2017). †NR = not reported.

Fig. 2

Figs. 2-A through 2-D A patient who had recurrent periprosthetic infections after failed TKA with a predicted LLD of 7 cm. Fig. 2-A Preoperative
anteroposterior radiograph of the lower extremities. Fig. 2-B Knee arthrodesis was performed using a circular ﬁxation device with simultaneous femoral
lengthening to correct the LLD. Figs. 2-C and 2-D Lateral and anteroposterior radiographs of the left knee at the time of the ﬁnal follow-up visit.
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Fig. 3

Diagram of our surgical strategies for knee arthrodesis after failure of an infected TKA. AC IMN = antibiotic cement-coated intramedullary nail, LLD = leg
length discrepancy, and THA = total hip arthroplasty.

poor soft tissue, and immune response underwent arthrodesis
using an external ﬁxation device rather than IMNs. Another
advantage of IMNs is that most surgeons are more familiar
with the surgical technique of IMN use than they are with
applying a circular external ﬁxator.
The disadvantages of IMNs include prolonged operative
time and increased blood loss51. Using a long IMN makes the
knee fusion position more difﬁcult to control. MacDonald et al.
recommended inserting the long IMN with its bow being
directed anteromedially to gain some ﬂexion and valgus at the
knee13. The contraindications to using IMNs include poor softtissue coverage, active infection, ipsilateral hip replacement, a
large defect that cannot be acutely shortened, and/or a substantial ipsilateral femoral or tibial deformity. Finally, when an
IMN technique is used, the LLD cannot be corrected unless a
future surgical intervention is planned to lengthen the extremity.
The additional lengthening procedure can be performed by a
“lengthening over the nail” technique or by an exchange nailing
with a motorized internal femoral or tibial lengthening nail53.
Several types of IMNs have been used to obtain knee fusion. These include short nonmodular, short modular, and long
interlocking nails. Long IMNs are inserted through an antegrade
approach through the piriformis fossa after reaming and following the distal femoral and proximal tibial preparation and
debridement at the fusion site through the knee incision. The

IMN is then interlocked both proximally and distally. Modular
and nonmodular short nails are typically inserted through the
knee incision after bone preparation. Modular nails have 2
separate components and are connected with a coupler device.
This feature allows the surgeon to improve the nail ﬁt into the
canal when there is a mismatch in the canal diameter between
the femur and the tibia. Nonmodular nails such as the Huckstep nail provide the ability to use multiple locking screws to
add to the construct stability. Short modular and nonmodular
nails can be used in the presence of ipsilateral hip replacement
or femoral or tibial deformity. However, removing these nails is
challenging and requires making cortical bone windows that
may jeopardize the fusion site52,54.
Recently, the use of antibiotic cement-coated interlocking IMNs has been proposed to achieve fusion and infection control after failure of a TKA31. The potential advantages
of this technique include preventing or treating a preexisting
infection in a single-stage surgical intervention.
External Fixator
External ﬁxation devices have several advantages over IMNs.
The application of the external ﬁxator can be performed through
small incisions for pins and/or wires, and therefore blood loss
is minimized. Using a circular ﬁxator offers the option of
gradual shortening of bone until docking of bone ends is
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Fig. 4

Figs. 4-A through 4-D Photographs demonstrating the technique of coating IMNs with antibiotic-impregnated cement. Fig. 4-A The antibiotic cement
mixture is inserted (using a cement gun) into a silicone tube (authors’ preferred method) or chest tube. The distal interlocking holes are ﬁlled with bone wax
in advance and before the nail insertion into the tube. Fig. 4-B The nail is then inserted into the silicone tube while an assistant plugs the distal end of the
tube to avoid cement leakage and to maximize the cement volume around the nail. Fig. 4-C The cement is allowed to harden. Fig. 4-D After the cement is
hardened, the mold is removed and the nail is ready to insert. We typically overream the canal by 1 mm more than the outer cement-coating diameter. This
minimizes the possibility of disrupting the cement mantle when the nail is impacted into the canal.

achieved. This is beneﬁcial when a large bone defect is
encountered after explantation of TKA components. In these
cases, acute shortening to obtain bone contact at the fusion
site is not possible and may compromise the soft-tissue
closure and/or may lead to loss of palpable distal pulses.
Circular ﬁxation is also capable of simultaneously lengthening the femur and/or tibia (Ilizarov bone transport technique) at a different level while compressing the fusion site
(Fig. 2). The external ﬁxator is a good option in patients
with poor soft-tissue coverage and when internal ﬁxation is
contraindicated.
The disadvantages of external ﬁxation include the high
rate of pin-site infections31. Stress fractures through stress risers
at the pin site and neurovascular injuries also have been reported13. The surgical technique of Ilizarov-type circular ﬁxators is not familiar to many surgeons and requires experience
and prior training. Another possible disadvantage is that, on
the basis of retrospective case series, the union rates of knee
fusion with external ﬁxation are lower than those with IMNs
(Table I). When the bone quality is poor, the fusion site can be
precarious and vulnerable to refracture after frame removal.
This can be addressed with prophylactic nailing or plating at
the time of frame removal.
Circular ﬁxation is most commonly utilized for knee
arthrodesis because of its excellent biomechanical stability

compared with uniplanar or biplanar ﬁxators55. The modern
hexapod frames offer versatility to easily adjust the fusion
position and obtain the desired alignment with the help of
specialized software. The desired angular, rotational, translational, and length parameters as well as initial strut lengths (for
hexapod struts) are entered into a specialized software program
that addresses deformity corrections. The software then enables
a prescription of strut adjustments that need to be followed
until the deformity is gradually corrected.
Compression Plating
Compression plating is not commonly utilized as the primary
method of arthrodesis after failed TKA. Although plating can
provide rigid ﬁxation, wound closure over the anterior plates
may predispose to postoperative infection or chronic pain.
Another disadvantage is that, postoperatively, weight-bearing
cannot be advanced as quickly as with IMNs or circular ﬁxators. Few authors have reported on using a dual plating technique after failed TKA. Nichols et al. investigated this technique
in 11 patients after failed TKA, and all patients obtained a solid
fusion56. However, femoral stress fractures at the ends of the
plates or persistent infections were reported to have occurred in
18% of the patients. This technique can be useful if the bone
defect is not substantial and there are no preexisting soft-tissue
coverage issues.
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Fig. 5

Figs. 5-A, 5-B, and 5-C The use of a circular frame and its removal after treatment of an infected TKA that failed in a patient with a total hip replacement on the
ipsilateral side. Fig. 5-A After failure of the infected TKA, arthrodesis of the left knee was performed using a circular ﬁxator to achieve union and perform
simultaneous tibial lengthening in the presence of the left total hip replacement. Fig. 5-B Anteroposterior radiograph of the knee demonstrates poor bone
stock at the knee arthrodesis docking site. Fig. 5-C Anteroposterior radiograph made 2 weeks postoperatively demonstrates a secondary stabilization
procedure with plates and screws to overcome the anterior cortical deﬁciency and protect the knee fusion site from fracture after frame removal.

Combined Surgical Options
Using a circular external ﬁxation device to gradually shorten
the bone defect at the fusion site and then removing the ﬁxator
and replacing it with an IMN is an example of combined
surgical techniques. The advantage of this technique is minimizing the time required for the frame to be in place until
achieving a full consolidation at the fusion site and/or lengthening site31. The IMN can also protect the fusion site against
fracture. The use of an antibiotic cement-coated interlocking
IMN can also provide temporary local antibiotics that may
protect against further infection. Another indication for the use
of a combined surgical technique is to provide stabilization of
the fusion site, either with an IMN or plate and screws, after
frame removal in patients with poor bone stock at the fusion site.
Salvage Options for Massive Bone Defects
Massive bone loss (generally >6 cm) after failed TKA is not
uncommon when patients undergo multiple revisions18,57,58.
In this population, isolated shortening of the bone defect
at the fusion site would result in a substantial LLD. Additionally, many of these patients are not candidates for bonelengthening procedures because of advanced age or substantial
medical comorbidities. The management goal in these patients is to preserve the leg length as well as minimize the
number of surgical procedures. Several techniques can be

utilized, including a modiﬁed fusion technique as described
by Voss59. In the treatment of an 82-year-old man who had
4 prior failed revisions because of infected TKAs, he used a
long IMN with a cement spacer to ﬁll the bone defect after
explantation. The patient maintained his walking ability 4
years postoperatively. Since then, similar techniques have
been developed using a short, press-ﬁt, modular IMN and
antibiotic-impregnated cement spacer without bone-on-bone
fusion. Iacono et al., in a report on the results of this technique in 22 patients, showed substantial improvement in
functional outcome at a mean follow-up of 34 months compared with the preoperative status60. The average LLD in their
study was 1 cm. Hawi et al. echoed these results in a report on
27 patients who had been managed with this technique in a
single-stage intervention61. Another technique is the use of
vascularized ﬁbular bone graft (VFBG) to bridge the bone
defect. Rasmussen et al. reported successful outcomes with
the use of VFBG to achieve knee fusion in 13 patients58. Four
of those patients underwent knee arthrodesis because of
failure of an infected TKA. The disadvantages of this strategy
are that it is technically demanding, provides little intrinsic
stability, and involves a longer operative time than more
traditional methods. Another drawback is that single-stage
intervention is not possible with this technique in actively
infected TKAs. Lastly, Trabecular Metal (Zimmer Biomet)
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TABLE II Grade of Recommendations
Recommendation

Grade*

The use of an IMN for knee arthrodesis results in higher fusion rates than the use of external ﬁxation devices.

B

Knee arthrodesis after failure of an infected TKA may provide superior functional outcome and ambulatory status than above-the-knee
amputation.

C

Knee arthrodesis may be considered after 1 attempt at 2-stage revision TKA to increase the success rates of fusion.

C

Massive bone defects after failure of an infected TKA can be managed with artiﬁcial fusion techniques with acceptable short-term
outcomes.

C

The use of the antibiotic cement-coated interlocking IMN may expand the indications for achieving knee fusion in a single stage
intervention.

I

63

*According to Wright , grade A indicates good evidence (Level-I studies with consistent ﬁndings) for or against recommending intervention; grade B,
fair evidence (Level-II or III studies with consistent ﬁndings) for or against recommending intervention; grade C, poor-quality evidence (Level-IV or V
studies with consistent ﬁndings) for or against recommending intervention; and grade I, insufﬁcient or conﬂicting evidence not allowing a
recommendation for or against intervention.

cones with a long IMN can be used to bridge large bone defects.
Peterson et al. reported the results of a novel technique used for
knee arthrodesis in 6 patients who had failure of infected
TKAs57. Those authors used Trabecular Metal cones along
with an IMN and autograft to bridge a massive bone defect
and perform the knee arthrodesis. Five patients had a solid
fusion during the follow-up period. However, 1 patient had a
septic nonunion and underwent transfemoral amputation.
In this population of patients with massive bone loss, the
salvage surgical option should be selected on the basis of the
surgeon’s training and experience, with the goal of minimizing
the number of surgical procedures while preserving leg length
and function.
Our Preferred Treatment Strategy and Technique
We tailor the surgical options on the basis of the clinical circumstances and indications. Our goals are to (1) achieve solid
fusion, (2) preserve length, and (3) control and/or prevent
recurrent infection in 1 surgical intervention when possible.
Figure 3 summarizes our preferred treatment strategies.
When using an antibiotic cement-coated IMN, our preference is to lock the nail proximally into the femoral neck,
through a designated hole in the nail, to prophylactically protect
the femoral neck from a potential fragility fracture in the future.
We typically mix 2 g of vancomycin and 3.4 g of tobramycin
(unless other antibiotics are indicated on the basis of a prior
culture sensitivity) with each 40 g of Simplex bone cement
(Stryker Orthopaedics). In fungal infections, voriconazole (300
mg/40 g cement) is added to this mixture. We prefer to use a
silicone tube (Tygon Tubing; Saint-Gobain) to fabricate the IMN
(Fig. 4). Unlike a plastic chest tube, the silicone tube does not
melt or stick to the cement. If a chest tube is chosen, then coating
the inside portion of the tube with mineral oil is necessary before
cement insertion62. The inner diameter of the chosen silicone
tube is generally 1.5 to 2.5 mm larger than the selected nail
diameter. Therefore, the nail diameter that is chosen preoperatively is typically 1.5 to 2.5 mm smaller than the medullary canal
ﬁt in both the femur and the tibia to account for the outer

diameter of cement coating. We routinely utilize an antibiotic
cement-coated IMN in knee arthrodeses for patients with a
history of infection or in patients with active infection with a
known nonvirulent organism after failed TKA.
In our practice, we only use locking plates for the prevention of fracture after circular frame removal in the patients
with poor bone stock (Fig. 5).
In patients with massive bone loss and those who are
not candidates for lengthening, we utilize a long IMN and a
cannulated, antibiotic-impregnated, cylindrical cement spacer
to bridge the bone defect and to function as an artiﬁcial
fusion (Fig. 1). This provides the option for removal of the
IMN and the spacer as needed. Although this strategy is
promising as a salvage option, the long-term results remain
to be determined.
Overview
Solid knee fusion after failure of an infected TKA can provide a
stable extremity that allows weight-bearing. Knee arthrodesis
may be considered after 1 attempt at 2-stage revision to minimize bone loss and optimize bone quality at the fusion site.
Various surgical techniques are available, and surgeons should
utilize these on the basis of the clinical indications and evidencebased recommendations (Table II). n
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