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SUMMARY

Background: Two-stage revision remains the standard of care for periprosthetic joint infection (PJI) of the

knee,  typically  utilizing  either  static  or  articulating  antibiotic-impregnated  polymethylmethacrylate

(PMMA) spacers. While articulating spacers may preserve range of motion, they are often contraindicated

in cases  involving significant  ligamentous instability  or  extensive  metaphyseal  bone loss.  Conventional

static  spacers  may  lead  to  capsular  contracture  and  limited  weight-bearing  capacity,  necessitating

alternative stabilization methods for complex revisions.

Objective: This article describes a surgical technique for temporary knee arthrodesis using intramedullary

steel rods and an antibiotic-loaded cement spacer to provide stable fixation and allow early mobilization

during the interim phase of a two-stage septic revision.

Key Points: The procedure involves radical  debridement followed by the insertion of  12 mm diameter

hollow AO steel rods into the femoral and tibial medullary cavities. These rods are joined by a tube-to-tube

clamp, fixed in 5 degrees of flexion and 5–10 degrees of internal tibial rotation to optimize patellar tracking.

Antibiotic-impregnated PMMA is applied to fill the dead space and distend the joint capsule, preventing soft

tissue shrinkage. This construct facilitates immediate weight-bearing as tolerated and reduces the risk of

secondary immobilization-related comorbidities.  Potential  complications include peri-implant fractures,

cement extrusion into the posterior compartment, and persistent infection.

Conclusion: Intramedullary  stabilization  with  steel  rods  and  PMMA  spacers  provides  a  reliable,  cost-

effective method for managing complex septic knee revisions. By maintaining limb length and capsular

volume, this technique facilitates subsequent reimplantation while allowing functional mobilization during

the infection eradication interval.
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The current gold standard in the treatment of periprosthetic infections is the two-stage septic revision of the

affected knee joint with reported success rates of up to 90%.(1,2) Usually, a bone-cement (polymethylmethacrylate

—PMMA) spacer is used in the interim phase between explanation of the infected prosthesis and reimplantation

of the new implant. The spacer  supports eradication of the infection by local delivery of antibiotics and facilitates

optimum management of the dead space. (9) Depending on the ligament and bone condition, the available choices

include dynamic and static spacers. Whilst static spacers can be used with major bone and soft tissue defects

especially in cases after multiple revisions, articulating spacers are suitable only for minor superficial defects and

require adequate fixation in the metaphysis with good bone quality. (6,7) Whilst no significant differences were

found between the use of static and dynamic spacers in terms of eradication of the infection (2,3), some authors

report reduced mobility following reimplantation when using static spacers in the prosthesis-free interval. (9)

However, comparing the two spacer types is difficult because static spacers are generally only used in cases where

the ligament and bone condition is deficient.  Moreover, a dynamic spacer bears the risk of third body wear due to

the PMMA articulation, which can lead to damage to the subsequent implant from the resulting cement particles

(5). It may be possible to avoid these problems by using special dynamic AB spacer prosthesis where the bone

cement is not used as the articulation surface. However, given all listed advantages and disadvantages, the key

factors that ultimately determine the type of spacer during the interval are the bone substance, the stability of the

ligaments and soft tissue conditions.

In the previously common surgery method of temporary static arthrodesis the joint is fixed in the metaphysis

with HA (hydroxyapatite) pins or Schanz screws that are additionally coated with PMMA. The limited internal

stabilization has to be optimized in most cases by fitting additional ortheses. This consecutive exposure to weight-

bearing or immobilization of the patients is associated with an increased risk of comorbidities (pneumonia, leg

vein thrombosis, pulmonary artery embolism, etc.).

In theory,  the stability of  a static  spacer can also be achieved by fitting a joint-bridging external  fixator.  The

specific risks of this surgery method include pin infection and the creation of pre-determined breaking points

that can create problems during the reimplantation of rod-guided knee endoprosthesis models. This method has

therefore been largely abandoned these days.

Accordingly, the intermedullary extensive diaphyseal anchoring of a static spacer appears to be beneficial. The

objective is a stable fixation of the knee joint, which can also be used in major bone defects and can be subjected to

full weight bearing for the interval before reimplantation. Compared to conventional static spacers, the larger

range  of  mobilization  reduces  the  risk  of  secondary  complications.  Optimum  filling  of  the  dead  space  with

additional distension of the capsule reduces the risk of capsular shrinkage and reduces the risk of subsequent

reduction in the range of mobility.

The standard surgery method is performed in a supine position on a surgery table which permits intraoperative

X-ray imaging. The leg to be operated on is disinfected and sterile draped as for the implantation of a total knee

arthroplasty  (TKA).  A  thigh  tourniquet  is  not  required.  The  knee  joint  is  accessed  by  the  classical  medial
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parapatellar approach. Following exposure of the knee joint and removal of the prosthesis components, at least

five tissue samples are collected for microbiological testing and one tissue sample for histopathological testing.

The radical debridement comprises removal of the periprosthetic membranes from all joint compartments and

from the medullary cavity of the tibia and the femur. This is followed by jet lavage with 0.04% polyhexanide

solution of the entire joint and medullary cavity with subsequent thorough rinsing with Ringer solution.

Once the site has been correctly prepared and cleaned, suitable AO hollow steel rods are selected that are available

in a diameter of 12 mm and lengths from 100 mm to 450 mm (Fig. 1).

Figure 1: AO steel rods (hollow rods) in lengths of 100 to 450 mm

Manual diaphyseal press-fit anchoring represents the target and the length of the AO rods is chosen with the

objective of achieving the most stable intramedullary anchoring (Fig. 2).
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Figure 2: X-ray Whole-leg standing image with indwelling internal static spacer

This should involve the rod extending far enough beyond the resection line into the joint space to facilitate the

installation of the tube-to-tube connecting clamp (connector) (Fig. 3).

Figure 3: Lateral X-ray of knee joint with indwelling spacer. Dorsal leaking of cement is ruled out

That means as long as necessary but as short as possible, to minimize the risk of colonization of the steel surfaces

and the infection risk by contamination of the medullary cavity. The femoral AO rod is generally positioned lateral

to the tibial AO rod.

The hexagonal screw head for the tightening of the connecting clamp should be positioned medial in the area of

the knee joint access so that it can be easily reached with a conventional spanner or socket wrench (Fig. 4).
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Figure 4 : 4A: Instruments: spanner wrench, socket wrench, tube-to-tube clamp/connectors in two different positions 4B:
Two AO rods connected by a tube-to-tube clamp.

Figure 4 : 4A: Instruments: spanner wrench, socket wrench, tube-to-tube clamp/connectors in two different positions 4B:
Two AO rods connected by a tube-to-tube clamp.

After checking the rod and clamp position the system is fixed with longitudinal tension on the leg with approx. 5

degrees  of  flexion  at  the  knee  joint  (Fig.  5)  which  allows  leg  mobilization  during  the  swing  phase  without

stumbling.
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Figure 5 A-C: Intraoperative position whilst connecting the AO rods with tube-to-tube clamp

Figure 5 A-C: Intraoperative position whilst connecting the AO rods with tube-to-tube clamp

It is crucial that internal rotation of the tibia by 5−10 degrees is preserved to prevent a lateralized patella position

in the  interval  with scarring.  The latter  would impair  optimum patella  tracking during the  subsequent  TKA

implantation.

In the appropriate position and verification of the stability of the rod arthrodesis 80−120 g of hand-mixed AB bone

cement (as revision cement with gentamicin and clindamycin if indicated) are inserted into the joint cavity and

shaped both around the AO rods and the clamp (Fig. 6.).
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Figure 6: Application of bone cement to fill the dead space and the ventral knee joint segment 

Vancomycin may be added, depending on the pathogen spectrum. Since the long-term stability of the bone cement

is immaterial during the interim phase of 4−8 weeks, a higher admixture of antibiotic (>10%) can be considered.

In any case, a sufficient cement volume should be used for the filling of the joint cavity that permits wound closure

during reimplantation without tension despite the expected capsular shrinkage with the static spacer. This is

probably also the basis for better mobility compared to other static spacers. However, it is crucial that excessive

penetration of cement into the bone of the femur and tibia metaphysis are avoided. The subsequent removal of the

cement with indwelling fixed rods may be difficult under these circumstances and cause additional bone loss. This

can also be prevented by a time-delayed insertion of the AB cement with a doughy consistency.  Should it  be

impossible to remove the connection clamp in extreme cases, the hollow rods can be cut with a conventional bolt

cutter. It is also crucial that dorsal leaking of cement by strong cement compression is avoided in case of capsule

defects to reduce the risk of vascular/nerve compression.

During the hardening of the cement the distraction of the leg should be maintained with 5-degree flexion and true

axis alignment of the knee joint. An externally rotated position of the lower leg is associated with lateralization of

the tibial tuberosity and the extension apparatus and when combined with the shortening of the lateral capsule

and ligament segments results in problems with patella tracking in the subsequent reimplantation of the knee

endoprosthesis.

The capsule suture should be without tension and sealed despite generous cement application in the ventral joint

portion; that means the capsule expansion that is usually present due to effusion should be preserved initially.

During the hardening the capsule adaptation can be carefully simulated and excess cement can be removed if

necessary.

As a precaution, the final check by X-ray imaging should be performed before the final closing of the joint. This

should assess the distribution of the cement (specifically a dorsal penetration of cement) and the integrity of the

X-RAY MONITORING
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femoral and tibial diaphyseal bone. Postoperative options for X-ray assessment are a long anteroposterior view

with distal femur and proximal tibia or whole leg standing X-ray image to document that the limb alignment is

neutral, as well as a lateral view of the knee joint to assess the cement spacer (Fig. 2 and 3).

The following risks should be pointed out during the surgical informed consent discussion.

Peri-implant fracture

Impaired  mobility  due  to  immobilization  of  the  knee  joint  with  consequential  tendon  retraction  and

capsular contracture even after reimplantation.

Persistent infection

Dislocation and migration of the AO rods

Leaking of bone cement into dorsal knee joint segments.

In general, weight bearing as tolerated is possible with two forearm crutches. Partial weight bearing with 20−30

kg or toe-touch weight bearing should be preferred in pronounced osteoporosis and unsatisfactory diaphyseal

press-fit anchoring of the AO rods.

The temporary arthrodesis of the knee joint during septic two-stage TKA revision surgery allows sufficiently

stable and reliable immobilization over a period of 6−8 weeks. A retrospective study by Röhner et al. revealed good

results without spacer loosening or peri-implant fractures (8.) Staphylococcus aureus colonization of carbon rods

versus steel rods was investigated by Frieler et al.(4) and increased adhesion of the bacteria on the carbon rods

due to their higher finish roughness was not detected. In a direct comparison however, the AO steel rods have the

benefit of significantly lower material costs and better radiological imaging.

The impaired mobility of the knee joint in the interim phase is of course a disadvantage of all static spacers. The

key points of the surgery described above with capsule distension and optimization of the patella tracking should

be resp. Ultimately, temporary arthrodesis of the knee joint is an excellent and simple surgical procedure in more

complex bone defects, when taking into account the risks, complications, costs and benefits.

• 

• 

• 

• 

• 
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