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1. Summary
Two-stage re-implantation, involving initial debridement and antibiotic delivery using a cement spacer followed by definitive reconstruction, provides effective treatment for knee Periprosthetic
joint infection. Presented here is a simple and practical surgical
technique for creating an antibiotic-impregnated cement-nail construct. A Küntscher nail together with two 3.5mm cortical screws
are used as a reinforcing element, centered in the cement spacer
and spanning from the femoral medullary canal to the tibial medullary canal, thus providing a framework for the spacer's construction. We have been using this technique for cases of chronically
infected Total Knee Arthroplasties (TKA) with compromised soft
tissue envelope, or as a bridge to arthrodesis or in cases of complications associated with conventional cement spacer blocks. This
construct enables keeping the knee in extension without the need
for a brace, allowing the soft tissue envelope around the knee to
heal. Furthermore, it keeps the spacer centered in the knee joint,
eluting antibiotics to the distal femur and proximal tibia.

2. Background
As the demand for primary total knee arthroplasty (TKA) increases, so is the need for revision is expected to be on the rise [1]. The
use of antibiotic-impregnated polymethylmethacrylate (PMMA)
bone-cement spacers, as a part of a two-stage revision re-implantation, is considered to be the standard of care for patients with
a chronic periprosthetic joint infection (PJI) involving a primary
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TKA [2]. Cement spacer blocks came into use to maintain joint
space and stability, prevent collateral ligament retraction, relieve
knee pain from instability, and safely elute local antibiotic release
[3]. Several clinical studies have shown antibiotic-impregnated
cement to be effective in the two-stage re-implantation process
recommended in the management of PJI [2,4-15]. Several complications have been associated, however, with the use of cement
spacer blocks, including migration and invagination of the cement
spacer and bone loss [2,16]. Deep infection rate following revision
TKA is higher (up to 6%) than the deep infection rate following
primary TKA [2,17], making the management of deep infection
after revision TKA even more challenging. In cases of unsalvageable infected TKA, a knee arthrodesis can be considered [18,19].
This option may provide this challenging group of patients with
a painless functional gait with low complication and reoperation
rates [18]. Since Knee arthrodesis with nails or plates are probably
best performed with a two-stage approach [19], an initial operative treatment consisting of debridement and insertion of an antibiotic- impregnated spacer is necessary. We have been advocating
the use of intramedullary devices in conjunction with PMMA, to
create a temporary construct with the knee fixed in extension. We
have used this technique in cases of chronically infected TKA after
several revision procedures, in patients with a compromised soft
tissue envelope, as a bridge to arthrodesis, or in cases of complications associated with conventional cement spacers such as spacer
dislocation and breakage.
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3. Surgical Technique
A Küntscher nail (Biomet, Warsaw, Indiana) is utilized for building this cement-nail construct. Nail length and diameter should be
estimated pre-operatively, considering the amount of bone loss and
size of joint space. We found that a straight Küntscher Cloverleaf
11mm diameter and 36cm in length suitable for most cases. The
midpoint of the nail is marked with a marking ink or scored using a
diamond metal-cutting wheel. The procedure is performed through
the parapatellar approach through previous skin incision (Figure
1). After a thorough debridement, medullary canal preparation,
and obtaining multiple cultures, the knee is flexed, and the nail
is inserted into the femoral medullary canal and excessively advanced retrogradely up the femur while its longitudinal slot facing
anteriorly. This allows the knee to be extended in order to insert
the nail into the tibial medullary canal. With the knee in extension,
the nail is anterogradely advanced into the tibia using a vice-grip
clamp and mallet as needed, to ensure its placement equidistant
in the joint space, using the previous marking as a reference. The
nail length should span for at least ten centimeters of each side of
the joint. At this point, two laminar spreaders are used to open the
joint space to create a quadrangular space to be later filled with antibiotic impregnated cement. Subsequently, we use two 3.5-4.5mm
cortical screws, inserted into the longitudinal slot. The screws are
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inserted at the superior and inferior edges of the quadrangular joint
space, against the femoral and tibial surfaces, respectively. Once
inserted, the screws provide stability and maintenance of the quadrangular space after removal of the laminar spreaders and during
cementation, preventing it from collapsing. Subsequently, antibiotic-loaded polymethylmethacrylate is prepared and poured into
the space and around the nail, filling the joint space and areas of
bone loss. We allow cement to fill the retropatellar space to prevent soft tissue adhesion and provide a larger surface area of cement for antibiotic elution. Partial weightbearing is allowed from
post-operative day one, and there is no need for further knee immobilization. Implant removal is simple and requires breaking the
spacer using osteotomes, removing the remaining cement around
the nail, cutting the nail using a metal-cutting diamond wheel or
manual metal cutter, followed by pulling out the femoral and tibial halves with the knee flexed. We used the Forklift technique in
8 cases between January 2015 and January 2020. The technique
was specifically reserved for cases of chronically infected TKA
after several revision procedures, in patients with a compromised
soft tissue envelope such as: anterior sinuses, chronic wounds with
skin breakdown, significant bone loss, or in cases of conventional
cement spacers dislocation and breakage (Figure 2). All patients
were allowed to ambulate and either second stage revision reimplantation or arthrodesis were finally carried out.

Figure 1: The cement nail construct preparation during first stage revision for a 186 chronic periprosthetic joint infection. (A) Preparing and draping the
entire lower 187 extremity, preferably using a sterile drape with a pouch for circumferential fluid 188 collection. (B) Following a thorough debridement
and synovectomy, the knee is 189 brought into flexion, and a Küntscher nail with the appropriate length and diameter is 190 excessively inserted in a
retrograde fashion into the femoral canal, until extension of 191 the joint is possible. (C) With the knee in extension, the nail is advanced into the tibia
192 using a vice-grip clamp and mallet as needed, to ensure its placement equidistant in 193 the joint space. (D) A laminar spreader is used to open the
joint space to create a 194 quadrangular space. (E) Two 3.5mm cortical screws, inserted into the longitudinal 195 slot using a screwdriver. The screws
are inserted at the superior and inferior edges of 196 the quadrangular joint space, against the femoral and tibial surfaces, respectively. (F) 197 Cement
is applied to the joint space around the nail as well as the retropatellar space, 198 and both medial and lateral gutters to reduce soft tissue adhesion.

Figure 2: A 74-year-old female who presented with a chronic periprosthetic joint 201 infection in her right knee twelve months after her primary knee
arthroplasty. She 202 then underwent a first stage revision with a cement spacer that eventually broke 203 through her skin leaving a large anterior soft
tissue defect (A). A decision was made 204 to treat her with a repeat two-stage revision re-implantation, using the static cement-205 nail construct.
Immediate anteroposterior (B) and lateral (C) postoperative 206 radiographs at the first-stage operation show the antibiotic-impregnated cement nail
207 construct in situ. Following her first stage revision, the patient was able to ambulate 208 using a walker.
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4. Discussion
The choice of the spacer should be based on several factors, including the amount of bone loss, the condition of the soft tissues,
the need for joint motion and the selection of the antibiotics [2].
The use of static spacers was found to be coincident with impaired
function in the interim between stages owing to movement restriction and the frequent need of brace immobilization, quadriceps and
collateral ligament shortening and arthrofibrosis, and challenging
surgical exposure in the second-stage reconstruction [3]. Tibial
bone loss was also reported to occur with the use of non- articulating spacers in about 50% of the cases, and the bone defect size was
found to positively correlate with the length of the interim period
[16]. On the other hand, articulating spacers have been shown to
provide an increased post-operative range of motion, minimized
pain, improved function, and facilitated the second-stage procedure by maintaining soft-tissue planes [2,11]. However, non-articulating knee spacers are considered a better option for knees with
severe bone loss, as the mobile spacers cannot maintain stability
in these settings [11]. Advocates of static spacers also claim placing the wound at rest as a basic principle of infection treatment
[3]. The technique described here should be reserved for specific
clinical situations in which a staged revision with the use of a conventional articulating spacer is unlikely to yield favorable results.
It has been effectively used in cases of repeat revisions because of
recurrent infections with a considerable bone loss, precluding the
use of an articulating cement spacer. It is also appropriate in cases
of complications of a conventional spacer, such as anterior migration of the spacer breaking through the skin, allowing the soft
tissues around the knee to heal without undue tension. We found
several advantages for this spacer technique. First, using a long
Küntscher nail provides supplementary stability to the construct
and facilitates weight bearing with the knee in extension. Further
stability is achieved by the expansion of the articular space. Second, the ‘forklift’ simply created with screws spans the joint space
and creates a quadrangular space to hold the cement in place, preventing it from migrating anteriorly. This allows a larger volume
of cement to remain inside the joint space, potentially eluting more
antibiotics. Third, the stability achieved by the cement nail construct prevents additional bone loss seen in simple static cement
spacer blocks, that was shown to occur especially in undersized
cement blocks [16]. Since bone spacer motion as well as scarring within the knee joint may lead to decreased ultimate range
of motion [20,21], we believe that eliminating spacer motion may
prevent that from happening. Lastly, this quadrangular gap keeps
the medial and lateral collateral ligament complexes taught until
the second stage revision is performed. Although static spacers
using intramedullary pins and commercially available rods have
been previously described [22-24], we found the Küntscher nail
to be more adequate for the purpose as it is stiff, symmetrical on
both ends, does not require canal preparation with reaming, and
http://www.acmcasereport.com/
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is inexpensive. Furthermore, it allows screw placement into the
longitudinal slot [25] to create joint distraction during the cementation, thus eliminating the need for manual distraction by the
assistant during the entire cementation. We found this technique
to be simple and reproducible, and had no complications such as
dislocation, fracture, or fragmentation of the spacer in the interim between the first and second stages of revision TKA for PJI.
Implant removal is simple and requires breaking the spacer using
osteotomes, removing the remaining cement posterior and anterior
to the nail, cutting the nail using a metal-cutting diamond wheel
followed by pulling out the femoral and tibial halves with the knee
brought into flexion. We strongly recommend that this technique
will be used in conjunction with aggressive debridement, appropriate antibiotic therapy, and vigilance of inflammatory markers.
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