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	Abstract



								
								Introduction: Periprosthetic joint infection (PJI) of the hip has been treated with two-stage revision arthroplasty with success. Concerns with this treatment approach include significant morbidity, cost, and functional impairment for the patient. One-stage revision arthroplasty for PJI is commonly performed outside of the United States.
								

								
								Materials and methods: We review a novel surgical technique for functional articulating antibiotic cement spacers of the hip with the goal of eradicating infection, reducing morbidity of multiple surgical procedures, improving patient function, and decreasing cost.
								

								
								Results: The appropriately sized acetabular polyethylene liner is utilized. If instability is a concern, a dual mobility liner can be utilized. The back side of either chosen liner is scored with a saw or burr. In situations where significant acetabular bone loss is present, screws may be placed in the anterior and/or posterior columns to serve as rebar for the planned cement mantle. The femur is broached sequentially until an adequate fit is obtained. A cemented femoral stem is used primarily. If proximal femoral bone stock is poor, a long-cemented stem is utilized.
								

								
								Discussion: One-stage revision arthroplasty with a functional antibiotic cement spacer has been used to treat of PJI of the knee with success, while avoiding complications and cost associated with prefabricated and manufactured spacers.
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								Introduction



								
								Periprosthetic joint infection (PJI) is a devastating complication causing significant morbidity, mortality, and healthcare expenditure [1,2]. With the steady increase in total hip arthroplasty (THA) performed annually in the United States, effective hip PJI management is of paramount importance [3,4]. Currently, the gold standard for definitive chronic PJI is two-stage revision arthroplasty [5]. However, this treatment is associated with significant morbidity, cost, and functional impairment for the patient [5-9]. Alternatively, one-stage revision arthroplasty has shown promising results in the literature and is widely practiced outside of the United States [10-12]. Although appealing, prefabricated manufactured antibiotic molds and spacers are attributed with limited patient function, greater theoretical risk of mechanical failure and significant cost [13-17].
								

								
								The use of functional prosthetic spacers as a modified one-stage exchange arthroplasty has recently gained momentum with success for the management of knee PJI [6,18-21]. This technique has the advantages of reducing the morbidity of multiple surgical procedures within a short time frame, immediate improvement of patient function, non-inferior infection eradication compared with two-stage exchange and notable cost-saving from potential prevention of a secondary procedure [18,21]. Therefore, the purpose of this article is to review our surgical technique, present procedures for complex cases, and offer coding guidelines for functional prosthetic spacers for the definitive management of chronic hip PJI.
								

								Materials and Methods



								
								Institutional Review Board approval was except for this surgical technique review. Patients are placed in the lateral decubitus position securely using standard positioners with padding ofall bony prominence. Leg lengths and hip flexor and abductor tension is assessed prior to the procedure for intraoperative trialing comparison (Figure 1). The operative extremity is prepped and draped using standard protocols. Surgical exposure is performed through any standard hip approach. The senior author's preferred surgical approach is a modified Watson-Jones anterolateral approach due to its inherent stability and ability to repair or reconstruct any concurrent abductor dysfunction.
								

								
								After hip dislocation and femoral head removal, an extensive excisional debridement is carried out; ensuring all devitalized tissues is adequately removed. Frozen sections are not routinely obtained and reserved in situations with questionable PJI criteria based on the 2014 Musculoskeletal Infection Society (MSIS) definition [22]. A minimum of five deep tissue cultures from the acetabulum and femur are obtained.
								

								Results



								Surgical technique

								
								Attention is typically focused on extraction of the femoral component to aid in acetabular exposure. A combination of flexible osteotomes, radial osteotomes, double-sided reciprocating saw, and Kirschner wires are used to facilitate removal of the femoral stem. The goal is to safely extract the stem and preserve proximal bone stock which may be compromised in chronic infectious processes. A burr can be utilized along the proximal femur to gain access to the top of the stem, particularly if there is an over-hanging greater trochanter or varus subsidence of the stem. If the stem is well in-grown distally, an extended trochanteric osteotomy is utilized to gain access to the distal aspect of the stem. The presence of a fully coated cylindrical stem may require utilization of a metal-cutting burr and trephine reamers to remove the stem. The cement mantle of a cemented stem is disrupted and removed with a cement removal set, including osteotomes, specialized hooks, taps and long reverse curettes. If necessary, sharp reamer/drill and, rarely, an ultrasonic cement extractor device can be utilized in special circumstances when the former techniques are unsuccessful. Special attention should be taken when reaming or drilling to not allow the cement mantle to cause the drill to deviate from the intramedullary canal. Fluoroscopic imaging can be employed to confirm reaming trajectory and to remove all polymethyl methacrylate material from the femoral canal.
								

								
								Attention is then placed on the acetabular component. After adequate exposure is obtained, the liner is first removed with an osteotome and mallet along one edge of the liner and driven into the opposite edge of the poly liner. Acetabular screws are removed if present. The stability of the acetabular shell is assessed with the implant-specific inserter tool attached. A few gentle in-line taps with the mallet and extractor tool can assess stability. If the acetabular component is well-fixed, the shell is removed with sequential oscillating curved blades using either motorized or manual acetabular extraction systems. A Cobb elevator, curette, and acetabular reamers are used to debride any devitalized tissue from the bony surface of the acetabulum.
								

								
								Full strength povidone-iodine solution is applied to the wound and all bony surfaces. An acetabular reamer on power is used to debride the acetabulum, taking care to preserve the anterior and posterior columns and medial wall. A femoral canal brush with the handle cut and chucked onto a power drill is used to debride the femoral canal (Figure 2). The wound and bony surfaces are irrigated with normal saline.
								

								
								Trial acetabular liners are sequentially trialed in the acetabulum until an intimate fit is obtained. The final polyethy lene liner selected for the acetabular component is typically one size smaller than the last trial liner to ensure an adequate (~3 mm) cement mantle for the final acetabular component. The one size larger trial liner is left in place to facilitate stability while trialing.
								

								
								The femur is broached sequentially until an adequate fit is obtained. A cemented femoral stem trial is placed. If proximal femoral bone stock is poor, a long-cemented stem trial is utilized. Distal reaming may be necessary in this instance. Femoral head trial is placed, and the hip is carefully reduced into the trial liner. When appropriate leg length and offset are achieved, the height of the femoral stem is measured from a fixed anatomical point, usually the greater trochanter as a reference for the appropriate height when cementing. The leg length is restored by assessing the previous stem height, preoperative templating, and assessing muscle/tendon tension compared to preoperative assessment. The hip is dislocated, and trial components removed.
								

								
								The wound and all bony surfaces are copiously irrigated with minimal 9 liters of normal saline. The entire surgical team re-scrubs, re-gowns, re-gloves, and obtains new sterile instruments, and the patient is re-prepped and re-draped as if starting a new surgical case. The appropriately sized acetabular polyethylene liner is utilized. If instability is a concern, a dual mobility liner can be utilized. The backside of either chosen liner is scored with a saw or burr. In situations where significant acetabular bone loss is present, screws may be placed in the anterior and/or posterior columns to serve as rebar for the planned cement mantle (Figure 3). On the back table, an oscillating saw or burr is used to score the backside of the liner to improve cement interdigitation (Figure 4 and Figure 5).
								

								
								Antibiotic calcium sulfate beads are routinely placed in the femoral canal before cementation and throughout the intracapsular space after final reduction. The final femoral stem is cemented by hand into the femoral canal to ensure adequate space for cement mantle, as well as un obstructed passage.
								

								
								Low viscosity polymethyl methacrylate cement isprepared by hand-mixing and augmented with culture specific, heat stabile antibiotics. The authors prefer an approximate 10% concentration of total antibiotic concentration. Typically, 2 grams of vancomyc in and 1.2 grams of to bramyc in are added per 40-gram bag of cement. All attempts are made to customize the antibiotics for organism-specific antibiotic [23] or antifungal agents [24]. A total of 3 bags of cement are divided equally for the acetabular and femoral components. The cement is first mixed with solvent and powder, then antibiotic slowly added to the mix to facilitate drug elution [25]. Our 10% antibiotic cement concentration is greater than previously described antibiotic cement concentrations used in one-stage revision arthroplasties [11]. A high antibiotic cement concentration has theoretical concern from increased rate of mechanical failure from cement fragility [26,27], although some studies report no difference in mechanical strength [28,29]. Further investigation and longer-term follow-up is needed to evaluate the longevity of high-dose antibiotic cement.
								

								
								The acetabular liner is placed with the cement in the doughy phase (Figure 6) after cleansing and drying the acetabulum. Appropriate abduction angle is achieved using the preoperative template and the amount of superior under-coverage of the liner as a guide. Appropriate anteversion is achieved using the transverse acetabular ligament and the anterior and posterior walls as a reference. Adequate fixation requires steady and light manual pressure to be held until the cement completely cures, while removing any excess cement. Special care must be taken not place the acetabular liner superiorly or too medially, to prevent raising the hip center, decreasing offset, or creating an uneven cement mantle. Once cured, excess cement around the rim is carefully removed with an osteotome, making sure not to disrupt the cement mantle and compromise fixation. Please note that acetabular retractor placement is critical to ensure that no cement contacts the retractors, as this can cause premature liner pullout when removing the retractors.
								

								
								Cement for femoral fixation is then prepared and mixed by hand as noted above after cleansing and drying the femoral intramedullary canal. Cement is placed around the femoral component in the doughy phase and packed proximally. A lap sponge is placed in the acetabulum. The femoral component is inserted to the appropriate height based on measurement during trialing. The appropriate femoral anteversion is achieved, excess cement is removed, and the component is held in place until cement cures (Figure 7). Femoral heads are carefully trialed, and the appropriately sized femoral head is impacted, and the hip is reduced. The authors preferred technique is to trial one head ball size below the final component to avoid any excessive pressure across the freshly cemented liner. For instance, if a 44-millimeter liner is utilized, we will trial with a 40-millimeter femoral head ball to assess length and tension of the hip. The wound is irrigated. Remaining antibiotic beads are placed intra-capsular. Standard closure is performed (Figure 8).
								

								Discussion



								
								For our post-operative protocol, weight bearing as tolerated is typically allowed. Broad-spectrum antibiotics are continued intravenously and transitioned to culture-specific therapy for 6 weeks, on average [30]. Serial serum ESR and CRP levels are obtained until levels normalize or considerably downtrend towards normalization [31], at which point IV antibiotics are discontinued anda subsequent three month course of oral antibiotics is considered especially for higher-risk patients [32]. Second-stage revision is not considered unlesstreatment failure occurs as defined by the Delphi criteria (Table 1) [33]. Well-functioning articulating spacers are retained with periodic clinical and radiographic follow up.
								

								
								For coding purposes, the operative procedure should be described as "total hip arthroplasty revision with permanent prosthesis utilizing hand-crafted antibiotic cement with extensive excisional debridement including deep tendon, tissue, and bone." This description allows for appropriate coding of a revision arthroplasty versus antibiotic spacer, which has a significantly different coding and billing reimbursement. Recent changes in coding including the "hand-crafted cement" were made in 2020 (Table 2) [34].
								

								
								Of note, some first stage prefabricated implants have recently under gone revalidation and may not even be available for use [35]. In addition, these implants can be costly [36]. This has led to some challenges for both the surgeon and hospital. The above implants are readily available, inexpensive, and avoid concerns associated with mechanical failure of prefabricated and manufactured antibiotic spacers [13-17].
								

								Summary



								
								As healthcare reform has shifted to placing greater focus on defending procedural value based on quality of care relative to cost, there is greater emphasis on improving patient outcomes [37]. Since chronic hip PJI remains a significant burden on the healthcare system, management with one-stage revision arthroplasty has gained momentum by offering non-inferior clinical outcomes to conventional two-stage exchange arthroplasty and reducing cost [18,21]. This is the first paper, to our knowledge, that presents a detailed surgical technique for functional articulating antibiotic cement spacers by reducingpatient morbidity, improving patient function, and decreasing cost, while providing an effective treatment for prosthetic joint infection of the hip.
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        Figure 1: Pre-operative X-rays. A. Anteroposterior (AP) pelvis radiograph (a) and AP hipviews demonstrating a right total hip replacement. The patient was diagnosed with a periprosthetic right hip infection. Explant and placement of a functional prosthetic spacer was planned. View Figure 1

      


      
        Figure 2: Femoral canal brush. The handle is cut and chucked onto a power drill and used to debride the femoral canal. View Figure 2

      


      
        Figure 3: A) Severe acetabular bone loss with complete absence of the medial wall from infectious bony compromise. 6.5 mm cancellous acetabular Screws were placed in the pubis and ilium (arrows) to serve as rebar for cement mantle. A: Anterior, P: Posterior, S: Superior; B) Postoperative anteroposterior radiograph demonstrating functional prosthetic hip spacer with two rebar screws. View Figure 3

      


      
        Figure 4: Polyethylene liner preparation. A) The backside of a polyethylene liner is scored on the back table with an oscillating saw; B) Prepared polyethylene liner prior to cementation. View Figure 4

      


      
        Figure 5: Dual mobility liner preparation. A cobalt-chrome liner for a dual mobility bearing is scored on the back table with a high-speed burr. The authors prefer to use this option in patients at high risk for instability. View Figure 5

      


      
        Figure 6: Cement preparation. Antibiotic-laden cement is placed on the backside of a polyethylene liner and on the acetabulum prior to insertion. View Figure 6

      


      
        Figure 7: Femoral component insertion. The femoral component is inserted to the appropriate height. The appropriate femoral anteversion is achieved and held in place until cement cures. View Figure 7

      


      
        Figure 8: Post-operative x-rays. A) AP pelvis and B) Frog leg lateral right hip views demonstrating a right hip functional prosthetic spacer. The well-fixed in situ femoral stem required extended trochanteric osteotomy for removal. View Figure 8
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