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Abstract:

Background:

Periprosthetic joint infection (PJI) continues to be one of the leading causes of failure following hip and knee surgery. The diagnostic
workflow of PJI includes detailed clinical examination, serum markers, imaging and aspiration/biopsy of the affected joint. The goals
of treatment are eradication of the infection, alleviation of pain, and restoration of joint function. Surgical management of PJI
consists of debridement, antibiotics and implant retention (DAIR) and single or two-stage revision procedures. Two-stage revision
remains the gold standard for treatment of PJIs. We aim to discuss the two stage procedure in this article and report the outcomes.

Methods:

The first stage of the two stages consists of removal of all components and associated cement with aggressive debridement and
placement of an antibiotic-loaded cement spacer. Patients are then treated with variable periods of parenteral antibiotics, followed by
an antibiotic free period to help ensure the infection has been eradicated. If the clinical evaluation and serum inflammatory markers
suggest infection control, then the second stage can be undertaken and this involves removal of the cement spacer, repeat
debridement, and placement of a new prosthesis.

Results:

Common themes around the two-stage revision procedure include timing of the second stage, antibiotics used in the interim period,
length of the interim period before consideration of reimplantation and close liaising with microbiologists.

Conclusion:

Successful eradication of infection and good functional outcome using the two stage procedure is dependent on a multidisciplinary
approach and having a standard reproducible startegy.
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INTRODUCTION

Prosthetic joint infection (PJI) remains one of the most dreadful complications following total joint arthroplasty.
Late PJI is reported in approximately 0.3%-1.7% of all total hip arthroplasties (THAs) and 0.8%-1.9% of all total knee
arthroplasties (TKAs) [1 - 4], and is one of the leading causes of revision surgery. The diagnosis of infection can be
challenging because no investigation is 100% sensitive and specific [5]. Therefore, a combination of clinical
assessment, serologic tests, imaging, as well as aspirates and biopsies, has been used to confirm the diagnosis [6].
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More often than not, management of PJI requires multiple surgical interventions and prolonged courses of antimicrobial
therapy [7 - 10]. Surgical options for treatment of PJIs include debridement, antibiotics and implant retention (DAIR),
single or two-stage revision surgery, and salvage procedures (e.g., arthrodesis or amputation) [11]. The goals of
treatment include both eradication of the infection and reestablishment of a pain-free and well functioning joint. Two-
stage revision is generally considered to be the gold standard procedure [12 - 15]. This involves removal of implants
and the use of antibiotic loaded cement spacers for an interval period with intravenous antimicrobial therapy and the use
of antibiotic loaded cement for prosthesis fixation at the time of reimplantation. A two-staged revision strategy has seen
infection-free survival rates of 80% to 100% [16 - 30]. Two-stage revision ensures adequate delivery of antibiotics
(both locally and systemically) and the opportunity for a second debridement if needed. Two-stage revision has several
controversial aspects though, including the timing of the second stage procedure, the ideal duration of antibiotic dosage
in between stages, the use of antibiotic-loaded cement at the second stage, the role of allograft bone grafting and the use
of uncemented components [6]. Many factors like previous surgeries, co-morbidities, bone stock, soft tissue integrity,
and organism virulence and resistance profile can also influence the outcome of two-stage revisions.

We aim to discuss the two stage procedure in this article and reported outcomes.

Indications

Indications for two over a single stage revision procedure in management of PJI include:

Patients with systemic manifestations of infection (sepsis);

Obvious clinical signs of infection but no organism has been identified;
Preoperative cultures identifying difficult to treat and antibiotic-resistant organisms;
Presence of a sinus tract;

Inadequate or non-viable soft tissue coverage.

M.

Preoperative Workup

It is our routine practice to perform aspiration of the affected joint before surgery to identify the causative organism
[6]. In cases where the infecting organism and its antibiotic sensitivity profile are identified pre-operatively, the
antibiotics are adjusted accordingly. In all other cases with no identified growth, broad spectrum antibiotics such as
vancomycin and an aminoglycoside are added to the cement mixture as they cover most organisms [6, 20].

Aspiration is ideally performed under strict aseptic conditions after having discontinued all antibiotics for duration
of at least 4 weeks. Samples should be placed in aerobic/anaerobic blood culture bottles as well as universal containers.
In cases where infection is suspected, arthroscopic biopsy is carried out with a minimum of six samples taken from the
prosthetic surfaces and synovium [6].

Sensitivity of pre-operative aspiration and/or tissue biopsy in diagnosing infected TKA has been reported as 12%
-100% [31 - 35]. Meermans et al. [36] performed a prospective study of 120 patients who underwent aspiration and
biopsy for suspected joint infection (64 with THAs and 56 with TKAs) . The sensitivity reported was 83% for
aspiration, 79% for biopsy, and 90% for the combination of both techniques. The specificity was 100% for aspiration
and biopsy and the combination. The overall accuracy was 84%, 81%, and 90%, respectively [36]. They inferred that
routine aspiration must be followed by a biopsy in the work up of septic joints.

FIRST STAGE

The original incision is utilised to expose the joint. Radical debridement that entitles removal of all cement,
membranes and potentially infected and devitalised tissue is performed. Intramedullary reaming of the canal followed
with copious use of saline pulse lavage is recommended. Well fixed implants are carefully extracted so as to avoid
iatrogenic damage to the bone and neighbouring viable soft tissues. There should be a low threshold to perform an
osteotomy to remove well fixed implants or cement mantle. Studies have confirmed that extended trochanteric
osteotomies in the hip heal reliably even in the setting of infection [37, 38].

Antibiotics are withheld until all microbiological samples have been taken. A minimum of 3 and ideally 5 or 6
periprosthetic intraoperative tissue samples or the explanted prosthesis itself should be sent for aerobic and anaerobic
cultures to maximize the chance of obtaining a definitive diagnosis [6]. Using a minimum of two positive samples, the
sensitivity has been reported to be 94%, specificity 97%, positive predictive value 77% and negative predictive value
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99% [39]. At completion of debridement, all drapes, gowns, gloves and surgical instruments are changed to maintain
sterility.

Spacers

Cement spacers can be classified as articulating (dynamic) or nonarticulating (static), pre-fabricated or custom-
made. The use of a static spacer block makes exposure at reimplantation difficult due to quadriceps contracture. There
is also a risk of additional bone loss attributable to migration of the spacer block [18, 24, 40].

Articulating spacers avoid prolonged immobilization of the joint and prevents soft tissue contractures by permitting
range of movement and partial weight bearing [18, 19, 40, 41]. Improved patient mobility preserves the soft tissue
envelope that is crucial during the reimplantation procedure.

The spacer also helps maintain the native tension of the collaterals. This serves to preserve and identify planes better
during subsequent revision, avoiding further soft tissue damage and aiding recovery. After thorough debridement, an
antibiotic-laden cement spacer is then implanted. Commonly used spacers are Prostheses of Antibiotic-Loaded Acrylic
Cement (PROSTALAC) articulating spacers to which 3 g of vancomycin and 2 g of gentamicin per sachet of Palacos R
cement (Schering Plough Ltd, Labo nv, Belgium) is added. The objective is to deliver a high concentration of local
broad spectrum antibiotics against most common causative pathogens prior to culture results. The antibiotics are also
adjusted when preoperative sensitivity pattern of the microorganisms is known. A five-day course of intravenous
teicoplanin or vancomycin is also continued post-operatively, by which time microbiological sensitivities are available.

Biring et al. [42] in their study of 99 patients treated with PROSTALAC articulating hip spacers (DePuy, Warsaw,
Indiana) have quoted long-term infection control rate of 89% at a mean follow up of 12 years (range 10-15 years).
Gooding et al. [43] reported 98% infection control rate (113 of 115 infected TKRs) using the PROSTALAC knee
spacers (DePuy, Warsaw, Indiana) at a minimum of 5 years follow up. Van Thiel et al. [41] retrospectively reviewed
post-operative function and control of infection in 60 patients using an articulating antibiotic spacer made intra-
operatively from prefabricated silicone moulds. Seven patients (12%) developed recurrent infection, and one spacer
(femoral component) fractured but did not require specific treatment. No bone loss was identified between stages. The
mean Knee Society score improved from 53 preoperatively to 79 at a mean follow-up of 35 months and the mean
flexion improved from 90.6° to 101.3°. This study illustrated control of deep infection in 88% of patients while
preserving knee motion [41]. Various studies [19, 44] have found a significant increase in knee society function scores
in patients with dynamic spacers but no difference in pain scores. Brunnekreef ef al. [45] reported better and faster
recovery of knee function with the use of dynamic spacers resulting in shorter operation times. Garg et al. [46]
suggested that static spacers not only reduce the range of motion of the knee joint but can also cause difficulty in
exposure during second stage with the potential for additional bone loss due to scarring of the capsule and quadriceps
muscle. Faschingbauer ef al. [47] enlisted complications associated with using antibiotic loaded spacers in 138 patients.
27 patients (19.6%) developed complications including spacer fractures in 12 cases (8.7%), dislocation in 12 cases
(8.7%), one periprosthetic femoral fracture (0.7%) with a spacer in situ, one dislocation with a simultaneous spacer
fracture (0.7%), and one protrusion into the pelvis.

Interval Period

Intravenous (IV) antibiotic therapy for 4-6 weeks with subsequent cessation of antibiotics for 2-8 weeks prior to
reimplantation is most commonly employed regimen and has resulted in overall good infection control rates [27, 48].
Best results are obtained in cases where the pathogen is not resistant and systemic antibiotics are administered
simultaneously [2, 49]. Studies have suggested that prolonged time intervals result in suboptimal restoration of patient
function and eradication of infection. However, in one study, there was no difference in functional outcomes between
patients who underwent two-stage exchange procedure with more than 6 month interval between resection and
reimplantation and those who had reimplantation within 6 months of resection [50].

At our institution, it is common practice to start a course of intravenous antibiotics, usually teicoplanin until the
sensitivity pattern of the culture samples are known. The results are discussed in the multidisciplinary meeting, and the
antibiotics are modified accordingly. Our patients receive antibiotics for at least six weeks following which the
antibiotics are stopped for two weeks prior to the second stage to foresee the patient’s response. We perform routine
aspiration of the involved joint in all cases prior to revision surgery. Stopping the antibiotics provides another
opportunity to grow any residual microorganisms at the time of reimplantation. The decision to proceed with prosthesis
implantation is determined by clinical evaluation, resolution of blood markers and a negative joint aspirate. Any
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suspicion of residual infection mandates redoing the first stage with debridement and placement of a new spacer.

A normal C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) alone do not guarantee eradication of
infection, particularly with coagulase negative staphylococcal infections. Kusuma et al. [51] in a recent study suggested
that synovial white cell count is the most accurate indicator of control of infection, and although the levels of
inflammatory markers tend to fall with control of infection, they do not show a clear pattern.

SECOND STAGE

The second stage of revision hip and knee arthroplasty involves spacer removal, tissue sampling, debridement and
reimplantation. Contraindications to reimplantation at the second stage include persistent infection or significant
medical comorbidities. However the majority of patients usually proceed to reimplantation [52]. In the second stage
procedure, the principles of operative technique are similar for both hip and knee revision arthroplasty. We use previous
surgical scars to approach the joint [53]. Once the joint is explored, joint fluid samples are obtained for bacterial culture.
It is of prime importance to remove the spacer and cement without losing native bone. The synovial membrane of the
pseudosynovial cavity formed around the spacer is curetted and sampled for bacterial culture. We usually send at least
five samples for bacterial culture and sensitivity. A thorough debridement to any necrotic tissue is undertaken. This is
followed by copious irrigation with pulsed lavage to the bone and surrounding soft tissues. Debridement and irrigation
reduces the burden of devitalised and infected tissues. It also removes any cement abrasion debris originating from the
antibiotic spacer which is a potential cause of future third body wear. Bone allograft is then used to reconstruct bone
defects if necessary followed by reimplantation of the appropriate prosthesis as per the pre-operative planning.
Antibiotics are given for five days following the procedure till the results of bacteriology are available.

The goal in hip revision surgery is to achieve biological fixation with bony ingrowth whenever possible. Bone stock
is restored with impaction grafting underneath a cementless cup in most of the acetabular revisions. Concerns have been
raised in the past regarding the use of bone allograft in revision surgery following PJIs [54, 55]. However, recent studies
have failed to show any significant difference in the re-infection rates following the use of allografts in revision surgery.
Hence they have been safely used in cases that present with significant bone loss [56]. Technique involves mixing bone
milling and bone chips of various sizes. Morselised allograft is then inserted, packed, and/or reverse reamed into any
bony defects in order to create a hemisphere. We aim to obtain biological fixation of the acetabular component to the
underlying viable host bone which requires intimate host bone contact and rigid implant stability. The implant of choice
is mostly an uncemented, porous, coated acetabular components augmented by screw fixation in the majority of
acetabular revisions [57]. The choice of the femoral component is dictated by the bone quality, bone stock and femoral
canal deformity if any. This is particularly important in cases where bone loss or altered anatomy requires customized
implants. Preferred implant is an uncemented, porous, coated femoral stems in the majority of hip revisions.
Uncemented fixation of an intramedullary stem of standard proportions avoids the problems presented in a reinfected,
distally cemented prosthesis.

Cemented knees have taken precedency over their uncemented counterpart in revision knee arthroplasty. This is
attributed to earlier reports of loosening of cementless stems [58] and the potential biomechanical advantages [59].
Conlisk et al. [60] in an in vitro study examined the influence of stem fixation method on the pattern and level of
relative motion at the bone-implant interface. They found that uncemented constructs have significantly higher level of
relative motion compared to cemented implants. Uncemented stems when used in cases of severe bone loss may result
in stress shielding of the surrounding bone. This consequently affects loading of any bone allograft used to deal with
bone defects [61].

Interestingly though, recent studies have shown comparable clinical results between cemented and uncemented
components in revision TKR. In a comparative study, Edwards et al. [62] demonstrated similar re-infection rates
following cemented and uncemented revision of infected TKRs. Furthermore, they showed that the repeat revision rate
for aseptic loosening were comparable between the two groups.

Outcomes of infection control after two stage revision procedures from various studies reported in the literature
have been summarized in Tables 1 and 2.
Reimplantation Microbiology

The role of reimplantation cultures as well as intraoperative frozen section in the two-stage revision arthroplasty
remains controversial. Banit ez al. [63] prospectively compared the accuracy of intraoperative positive frozen section
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(>10 polymorphonuclear leukocytes per high power field) with intraoperative cultures in 121 revision hip and knee
arthroplasty. They found that frozen sections had 67% sensitivity and 93% specificity in detecting infection with 67%
positive predictive value and 93% negative predictive value. Low sensitivity of frozen sections was similarly reported in
other studies [39, 64]. This could be attributed to sampling errors, which emphasizes the importance of wide sampling
[64]. Therefore, the reliability of frozen section as a diagnostic tool for infection in reimplantation procedures remains
questionable.

Table 1. Summary of studies reporting on the results of two-stage revision hip arthroplasty.

Stud Year Number of Follow up Rate of infection
y patients (months) control (%)
Wilson and Dorr 1989 15 >36 91
Hope et al. 1989 19 21 100
Nestor et al. 1994 34 47 82
Garvin et al. 1994 30 >24 95
Fehring et al. 1999 25 41 92
Haddad et al. 2000 50 68 92
Koo et al. 2001 22 44 95
Hoffman et al. 2005 27 76 94
Kraay et al. 2005 33 >24 92
Masri et al. 2007 29 >24 90
Fink et al. 2009 36 35 100
Oussedik et al. 2010 39 60 95
De Man et al. 2011 50 >24 92
Leung et al. 2011 38 58 79
Klouche et al. 2012 46 >24 98
Berend et al. 2013 186 53 83
Ibrahim ez al. 2014 125 >60 96

Table 2. Summary of studies reporting on the results of two-stage revision knee arthroplasty.

Stud Year Number of Follow up Rate of infection
udy € patients (months) control (%)

Goldman et al. 1996 64 90 91
Hirakawa et al. 1998 55 62 75
Haddad et al. 2000 45 48 91
Fehring et al. 2000 55 >24 93
Mont et al. 2000 69 >36 91
Lonner et al. 2001 53 56 83
Meek et al. 2004 54 41 96
Haleem et al. 2004 96 86 91
Hofman et al. 2005 50 73 88
Hart et al. 2006 48 49 88
Freeman et al. 2007 114 71 94
Westrich et al. 2010 75 52 91
Van Thiel et al. 2011 58 35 88
Gooding et al. 2011 115 >60 77
Mortazavi et al. 2011 117 45.6 72
Ferrari et al. 2011 50 >24 92
Mahmud ef al. 2012 253 48 93
Pelt et al. 2014 58 38 66

Positive cultures have varied from 0% to 28% at reimplantation [29, 65 - 67]. Many a times it has been reported that
the microbes cultured at reimplantation were different from those cultured at excision. Hart ef al. [28] reviewed 48
patients who underwent two-stage revision TKAs. At the time of second-stage surgery, 11 patients (23%) had positive
cultures and two of those developed recurrent infection. The cultured microbe was different in seven cases and rest four
cases revealed persistent coagulase-negative staphylococcus. Out of the remaining 37 patients with negative cultures,
four developed recurrent infection. Authors concluded that the possible reason for growth of different organisms during
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the second stage could be due to sample contamination during the first surgery.

Puhto et al. [68] in their series of 107 cases reported that the reimplantation microbiology was available in 90.7% of
cases, and the samples were positive in 5.2%. Only one of the 5 samples that were reported positive had the same
organism isolated at the time of implant excision (Candida albicans) and the treatment failed in this case. The other
four patients were treated as having an acute postoperative PJI with a short-course of antibiotics and prosthesis
retention. Eighty percent of patients with positive reimplantation samples were cured of infection as compared to 96%
with negative reimplantation samples.

Bejon et al. [65] in a series of 152 cases found that routine cultures sent at reimplantation were positive in 21
patients (14%). Reimplantation cultures were frequently more positive in knees than in hips (21% vs. 6%). The same
organism was isolated at both excision and reimplantation in 4 cases and different in10 cases. Moreover, seven cases
reported positive reimplantation cultures following previous negative cultures. There was no evidence that positive
reimplantation cultures were associated with worse outcome. Contrary to many studies that recommend second stage
after a trial of antibiotic free period and testing, the authors suggested that reimplantation may be considered without an
antibiotic-free period, with additional antibiotic prophylaxis before reimplantation. A limited antibiotic course may also
be prescribed when reimplantation cultures are positive in the absence of clinical signs of ongoing infection [65].

There is sparse data on studies that compare patient reported outcome measures (PROMs) in single versus two-stage
revision for infection. Baker et al. [69] compared patient outcome scores (Oxford knee scores, Euroqol-5D) of single
versus two stage septic knee revisions in 195 patients. They found no differences in post-operative knee scores, general
health perception or satisfaction between the study groups. Hence, the recommendation was that decision making
should take into account other factors including infection control rates when comparing both groups.

CONCLUSION

The management of PJIs after hip and knee arthroplasty remains challenging. In delayed presentations, two-stage
revision with an interval prosthesis using an articulating spacer has been associated with low recurrence of infection.
Such spacers also facilitate restoration of good range of motion, mobility in the interim period and maintenance of soft
tissues tension which makes subsequent revision easier and less complex.

CONFLICT OF INTEREST

Each author certifies that he or she, or a member of his or her immediate family, has no commercial interests that
might pose a conflict of interest in connection with this work.

ACKNOWLEDGEMENTS
Declared none.

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.
[http://dx.doi.org/10.1007/s11999-008-0209-4] [PMID: 18421542]

[2] Segawa H, Tsukayama DT, Kyle RF, Becker DA, Gustilo RB. Infection after total knee arthroplasty. A retrospective study of the treatment of
eighty-one infections. J Bone Joint Surg Am 1999; 81(10): 1434-45.
[PMID: 10535593]

[3] Willis-Owen CA, Konyves A, Martin DK. Factors affecting the incidence of infection in hip and knee replacement: an analysis of 5277 cases.
J Bone Joint Surg Br 2010; 92(8): 1128-33.
[http://dx.doi.org/10.1302/0301-620X.92B8.24333] [PMID: 20675759]

[4] Zmistowski B, Fedorka CJ, Sheehan E, Deirmengian G, Austin MS, Parvizi J. Prosthetic joint infection caused by gram-negative organisms. J
Arthroplasty 2011; 26(6)(Suppl.): 104-8.
[http://dx.doi.org/10.1016/j.arth.2011.03.044] [PMID: 21641762]

[5] Della Valle CJ, Zuckerman JD, Di Cesare PE. Periprosthetic sepsis. Clin Orthop Relat Res 2004; (420): 26-31.
[http://dx.doi.org/10.1097/00003086-200403000-00005] [PMID: 15057075]

[6] Sukeik MT, Haddad FS. Management of periprosthetic infection in total hip arthroplasty. Orthop Trauma 2009; 23(5): 342-9.
[http://dx.doi.org/10.1016/j.mporth.2009.08.009]

[7] Darouiche RO. Treatment of infections associated with surgical implants. N Engl J Med 2004; 350(14): 1422-9.
[http://dx.doi.org/10.1056/NEJMra035415] [PMID: 15070792]


http://dx.doi.org/10.1007/s11999-008-0209-4
http://www.ncbi.nlm.nih.gov/pubmed/18421542
http://www.ncbi.nlm.nih.gov/pubmed/10535593
http://dx.doi.org/10.1302/0301-620X.92B8.24333
http://www.ncbi.nlm.nih.gov/pubmed/20675759
http://dx.doi.org/10.1016/j.arth.2011.03.044
http://www.ncbi.nlm.nih.gov/pubmed/21641762
http://dx.doi.org/10.1097/00003086-200403000-00005
http://www.ncbi.nlm.nih.gov/pubmed/15057075
http://dx.doi.org/10.1016/j.mporth.2009.08.009
http://dx.doi.org/10.1056/NEJMra035415
http://www.ncbi.nlm.nih.gov/pubmed/15070792

Two-stage Revision for Hip and Knee PJIs The Open Orthopaedics Journal, 2016, Volume 10 585

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Sia IG, Berbari EF, Karchmer AW. Prosthetic joint infections. Infect Dis Clin North Am 2005; 19(4): 885-914.
[http://dx.doi.org/10.1016/j.idc.2005.07.010] [PMID: 16297738]

Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N Engl J Med 2004; 351(16): 1645-54.
[http://dx.doi.org/10.1056/NEJMra040181] [PMID: 15483283]

Steckelberg JM, Osmon DR. Prosthetic Joint Infection. In: Bisno AL and Waldvogel FA eds. 3". Washington DASfM. 2000.
[http://dx.doi.org/10.1128/9781555818067.ch9]

Laffer RR, Graber P, Ochsner PE, Zimmerli W. Outcome of prosthetic knee-associated infection: evaluation of 40 consecutive episodes at a
single centre. Clin Microbiol Infect 2006; 12(5): 433-9.
[http://dx.doi.org/10.1111/j.1469-0691.2006.01378.x] [PMID: 16643519]

Esposito S, Leone S. Prosthetic joint infections: microbiology, diagnosis, management and prevention. Int J Antimicrob Agents 2008; 32(4):
287-93.
[http://dx.doi.org/10.1016/j.ijantimicag.2008.03.010] [PMID: 18617373]

Jamsen E, Stogiannidis I, Malmivaara A, Pajamiki J, Puolakka T, Konttinen YT. Outcome of prosthesis exchange for infected knee
arthroplasty: the effect of treatment approach. Acta Orthop 2009; 80(1): 67-77.
[http://dx.doi.org/10.1080/17453670902805064] [PMID: 19234888]

Moran E, Byren I, Atkins BL. The diagnosis and management of prosthetic joint infections. J Antimicrob Chemother 2010; 65(Suppl. 3):
iii45-54.
[http://dx.doi.org/10.1093/jac/dkq305] [PMID: 20876628]

Schmalzried TP. The infected hip: telltale signs and treatment options. J Arthroplasty 2006; 21(4)(Suppl. 1): 97-100.
[http://dx.doi.org/10.1016/j.arth.2006.02.090] [PMID: 16781440]

Haleem AA, Berry DJ, Hanssen AD. Mid-term to long-term followup of two-stage reimplantation for infected total knee arthroplasty. Clin
Orthop Relat Res 2004; (428): 35-9.
[http://dx.doi.org/10.1097/01.b10.0000147713.64235.73] [PMID: 15534516]

Durbhakula SM, Czajka J, Fuchs MD, Uhl RL. Antibiotic-loaded articulating cement spacer in the 2-stage exchange of infected total knee
arthroplasty. J Arthroplasty 2004; 19(6): 768-74.
[http://dx.doi.org/10.1016/j.arth.2004.02.036] [PMID: 15343539]

Fehring TK, Odum S, Calton TF, Mason JB. Articulating versus static spacers in revision total knee arthroplasty for sepsis. The Ranawat
Award. Clin Orthop Relat Res 2000; (380): 9-16.
[http://dx.doi.org/10.1097/00003086-200011000-00003] [PMID: 11064968]

Freeman MG, Fehring TK, Odum SM, Fehring K, Griffin WL, Mason JB. Functional advantage of articulating versus static spacers in 2-stage
revision for total knee arthroplasty infection. J Arthroplasty 2007; 22(8): 1116-21.
[http://dx.doi.org/10.1016/j.arth.2007.04.009] [PMID: 18078879]

Goldman RT, Scuderi GR, Insall JN. 2-stage reimplantation for infected total knee replacement. Clin Orthop Relat Res 1996; (331): 118-24.
[http://dx.doi.org/10.1097/00003086-199610000-00016] [PMID: 8895627]

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.
[http://dx.doi.org/10.1097/00003086-200211000-00022] [PMID: 12439250]

Teeny SM, Dorr L, Murata G, Conaty P. Treatment of infected total knee arthroplasty. Irrigation and debridement versus two-stage
reimplantation. J Arthroplasty 1990; 5(1): 35-9.
[http://dx.doi.org/10.1016/S0883-5403(06)80007-0] [PMID: 2319246]

Wilde AH, Ruth JT. Two-stage reimplantation in infected total knee arthroplasty. Clin Orthop Relat Res 1988; (236): 23-35.
[PMID: 3180576]

Hanssen AD. Managing the infected knee: as good as it gets. J Arthroplasty 2002; 17(4)(Suppl. 1): 98-101.
[http://dx.doi.org/10.1054/arth.2002.32458] [PMID: 12068416]

Wilson MG, Kelley K, Thornhill TS. Infection as a complication of total knee-replacement arthroplasty. Risk factors and treatment in sixty-
seven cases. J Bone Joint Surg Am 1990; 72(6): 878-83.
[PMID: 2365721]

Windsor RE, Insall JN, Urs WK, Miller DV, Brause BD. Two-stage reimplantation for the salvage of total knee arthroplasty complicated by
infection. Further follow-up and refinement of indications. J Bone Joint Surg Am 1990; 72(2): 272-8.
[PMID: 2303514]

Hanssen AD, Rand JA, Osmon DR. Treatment of the infected total knee arthroplasty with insertion of another prosthesis. The effect of
antibiotic-impregnated bone cement. Clin Orthop Relat Res 1994; (309): 44-55.
[PMID: 7994976]

Hart WJ, Jones RS. Two-stage revision of infected total knee replacements using articulating cement spacers and short-term antibiotic
therapy. J Bone Joint Surg Br 2006; 88(8): 1011-5.
[http://dx.doi.org/10.1302/0301-620X.88B8.17445] [PMID: 16877598]


http://dx.doi.org/10.1016/j.idc.2005.07.010
http://www.ncbi.nlm.nih.gov/pubmed/16297738
http://dx.doi.org/10.1056/NEJMra040181
http://www.ncbi.nlm.nih.gov/pubmed/15483283
http://dx.doi.org/10.1128/9781555818067.ch9
http://dx.doi.org/10.1111/j.1469-0691.2006.01378.x
http://www.ncbi.nlm.nih.gov/pubmed/16643519
http://dx.doi.org/10.1016/j.ijantimicag.2008.03.010
http://www.ncbi.nlm.nih.gov/pubmed/18617373
http://dx.doi.org/10.1080/17453670902805064
http://www.ncbi.nlm.nih.gov/pubmed/19234888
http://dx.doi.org/10.1093/jac/dkq305
http://www.ncbi.nlm.nih.gov/pubmed/20876628
http://dx.doi.org/10.1016/j.arth.2006.02.090
http://www.ncbi.nlm.nih.gov/pubmed/16781440
http://dx.doi.org/10.1097/01.blo.0000147713.64235.73
http://www.ncbi.nlm.nih.gov/pubmed/15534516
http://dx.doi.org/10.1016/j.arth.2004.02.036
http://www.ncbi.nlm.nih.gov/pubmed/15343539
http://dx.doi.org/10.1097/00003086-200011000-00003
http://www.ncbi.nlm.nih.gov/pubmed/11064968
http://dx.doi.org/10.1016/j.arth.2007.04.009
http://www.ncbi.nlm.nih.gov/pubmed/18078879
http://dx.doi.org/10.1097/00003086-199610000-00016
http://www.ncbi.nlm.nih.gov/pubmed/8895627
http://dx.doi.org/10.1097/00003086-200211000-00022
http://www.ncbi.nlm.nih.gov/pubmed/12439250
http://dx.doi.org/10.1016/S0883-5403(06)80007-0
http://www.ncbi.nlm.nih.gov/pubmed/2319246
http://www.ncbi.nlm.nih.gov/pubmed/3180576
http://dx.doi.org/10.1054/arth.2002.32458
http://www.ncbi.nlm.nih.gov/pubmed/12068416
http://www.ncbi.nlm.nih.gov/pubmed/2365721
http://www.ncbi.nlm.nih.gov/pubmed/2303514
http://www.ncbi.nlm.nih.gov/pubmed/7994976
http://dx.doi.org/10.1302/0301-620X.88B8.17445
http://www.ncbi.nlm.nih.gov/pubmed/16877598

586 The Open Orthopaedics Journal, 2016, Volume 10 Kini et al.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Hirakawa K, Stulberg BN, Wilde AH, Bauer TW, Secic M. Results of 2-stage reimplantation for infected total knee arthroplasty. J
Arthroplasty 1998; 13(1): 22-8.
[http://dx.doi.org/10.1016/S0883-5403(98)90071-7] [PMID: 9493534]

Hofmann AA, Goldberg T, Tanner AM, Kurtin SM. Treatment of infected total knee arthroplasty using an articulating spacer: 2 to 12-year
experience. Clin Orthop Relat Res 2005; (430): 125-31.
[http://dx.doi.org/10.1097/01.b10.0000149241.77924.01] [PMID: 15662313]

Barrack RL, Jennings RW, Wolfe MW, Bertot AJ. The Coventry Award. The value of preoperative aspiration before total knee revision. Clin
Orthop Relat Res 1997; (345): 8-16.
[PMID: 9418615]

Fink B, Makowiak C, Fuerst M, Berger I, Schifer P, Frommelt L. The value of synovial biopsy, joint aspiration and C-reactive protein in the
diagnosis of late peri-prosthetic infection of total knee replacements. J Bone Joint Surg Br 2008; 90(7): 874-8.
[http://dx.doi.org/10.1302/0301-620X.90B7.20417] [PMID: 18591595]

Johnson JA, Christie MJ, Sandler MP, Parks PF Jr, Homra L, Kaye JJ. Detection of occult infection following total joint arthroplasty using
sequential technetium-99m HDP bone scintigraphy and indium-111 WBC imaging. J Nucl Med 1988; 29(8): 1347-53.
[PMID: 3404252]

Van den Bekerom MP, Stuyck J. The value of pre-operative aspiration in the diagnosis of an infected prosthetic knee: a retrospective study
and review of literature. Acta Orthop Belg 2006; 72(4): 441-7.
[PMID: 17009825]

Duff GP, Lachiewicz PF, Kelley SS. Aspiration of the knee joint before revision arthroplasty. Clin Orthop Relat Res 1996; (331): 132-9.
[http://dx.doi.org/10.1097/00003086-199610000-00018] [PMID: 8895629]

Meermans G, Haddad FS. Is there a role for tissue biopsy in the diagnosis of periprosthetic infection? Clin Orthop Relat Res 2010; 468(5):
1410-7.
[http://dx.doi.org/10.1007/s11999-010-1245-4] [PMID: 20131022]

Levine BR, Della Valle CJ, Hamming M, Sporer SM, Berger RA, Paprosky WG. Use of the extended trochanteric osteotomy in treating
prosthetic hip infection. J Arthroplasty 2009; 24(1): 49-55.
[http://dx.doi.org/10.1016/j.arth.2008.01.306] [PMID: 18534433]

Lim SJ, Moon YW, Park YS. Is extended trochanteric osteotomy safe for use in 2-stage revision of periprosthetic hip infection? J Arthroplasty
2011; 26(7): 1067-71.
[http://dx.doi.org/10.1016/j.arth.2011.03.001] [PMID: 21497484]

Spangehl MJ, Masri BA, OConnell JX, Duncan CP. Prospective analysis of preoperative and intraoperative investigations for the diagnosis of
infection at the sites of two hundred and two revision total hip arthroplasties. ] Bone Joint Surg Am 1999; 81(5): 672-83.
[PMID: 10360695]

Emerson RH Jr, Muncie M, Tarbox TR, Higgins LL. Comparison of a static with a mobile spacer in total knee infection. Clin Orthop Relat
Res 2002; (404): 132-8.
[http://dx.doi.org/10.1097/00003086-200211000-00023] [PMID: 12439251]

Van Thiel GS, Berend KR, Klein GR, Gordon AC, Lombardi AV, Della Valle CJ. Intraoperative molds to create an articulating spacer for the
infected knee arthroplasty. Clin Orthop Relat Res 2011; 469(4): 994-1001.
[http://dx.doi.org/10.1007/s11999-010-1644-6]

Biring GS, Kostamo T, Garbuz DS, Masri BA, Duncan CP. Two-stage revision arthroplasty of the hip for infection using an interim
articulated Prostalac hip spacer: a 10 to 15-year follow-up study. J Bone Joint Surg Br 2009; 91(11): 1431-7.
[http://dx.doi.org/10.1302/0301-620X.91B11.22026] [PMID: 19880885]

Gooding CR, Masri BA, Duncan CP, Greidanus NV, Garbuz DS. Durable infection control and function with the PROSTALAC spacer in
two-stage revision for infected knee arthroplasty. Clin Orthop Relat Res 2011; 469(4): 985-93.
[http://dx.doi.org/10.1007/s11999-010-1579-y] [PMID: 20878287]

Park SJ, Song EK, Seon JK, Yoon TR, Park GH. Comparison of static and mobile antibiotic-impregnated cement spacers for the treatment of
infected total knee arthroplasty. Int Orthop 2010; 34(8): 1181-6.
[http://dx.doi.org/10.1007/s00264-009-0907-x] [PMID: 19936748]

Brunnekreef J, Hannink G, Malefijt MdeW. Recovery of knee mobility after a static or mobile spacer in total knee infection. Acta Orthop
Belg 2013; 79(1): 83-9.
[PMID: 23547521]

Garg P, Ranjan R, Bandyopadhyay U, Chouksey S, Mitra S, Gupta SK. Antibiotic-impregnated articulating cement spacer for infected total
knee arthroplasty. Indian J Orthop 2011; 45(6): 535-40.
[http://dx.doi.org/10.4103/0019-5413.87126] [PMID: 22144747]

Faschingbauer M, Reichel H, Bieger R, Kappe T. Mechanical complications with one hundred and thirty eight (antibiotic-laden) cement
spacers in the treatment of periprosthetic infection after total hip arthroplasty. Int Orthop 2015; 39(5): 989-94.
[http://dx.doi.org/10.1007/s00264-014-2636-z] [PMID: 25582658]

Brandt CM, Duffy MC, Berbari EF, Hanssen AD, Steckelberg JM, Osmon DR. Staphylococcus aureus prosthetic joint infection treated with


http://dx.doi.org/10.1016/S0883-5403(98)90071-7
http://www.ncbi.nlm.nih.gov/pubmed/9493534
http://dx.doi.org/10.1097/01.blo.0000149241.77924.01
http://www.ncbi.nlm.nih.gov/pubmed/15662313
http://www.ncbi.nlm.nih.gov/pubmed/9418615
http://dx.doi.org/10.1302/0301-620X.90B7.20417
http://www.ncbi.nlm.nih.gov/pubmed/18591595
http://www.ncbi.nlm.nih.gov/pubmed/3404252
http://www.ncbi.nlm.nih.gov/pubmed/17009825
http://dx.doi.org/10.1097/00003086-199610000-00018
http://www.ncbi.nlm.nih.gov/pubmed/8895629
http://dx.doi.org/10.1007/s11999-010-1245-4
http://www.ncbi.nlm.nih.gov/pubmed/20131022
http://dx.doi.org/10.1016/j.arth.2008.01.306
http://www.ncbi.nlm.nih.gov/pubmed/18534433
http://dx.doi.org/10.1016/j.arth.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/21497484
http://www.ncbi.nlm.nih.gov/pubmed/10360695
http://dx.doi.org/10.1097/00003086-200211000-00023
http://www.ncbi.nlm.nih.gov/pubmed/12439251
http://dx.doi.org/10.1007/s11999-010-1644-6
http://dx.doi.org/10.1302/0301-620X.91B11.22026
http://www.ncbi.nlm.nih.gov/pubmed/19880885
http://dx.doi.org/10.1007/s11999-010-1579-y
http://www.ncbi.nlm.nih.gov/pubmed/20878287
http://dx.doi.org/10.1007/s00264-009-0907-x
http://www.ncbi.nlm.nih.gov/pubmed/19936748
http://www.ncbi.nlm.nih.gov/pubmed/23547521
http://dx.doi.org/10.4103/0019-5413.87126
http://www.ncbi.nlm.nih.gov/pubmed/22144747
http://dx.doi.org/10.1007/s00264-014-2636-z
http://www.ncbi.nlm.nih.gov/pubmed/25582658

Two-stage Revision for Hip and Knee PJIs The Open Orthopaedics Journal, 2016, Volume 10 587

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

prosthesis removal and delayed reimplantation arthroplasty. Mayo Clin Proc 1999; 74(6): 553-8.
[http://dx.doi.org/10.4065/74.6.553] [PMID: 10377928]

Westrich GH, Walcott-Sapp S, Bornstein LJ, Bostrom MP, Windsor RE, Brause BD. Modern treatment of infected total knee arthroplasty
with a 2-stage reimplantation protocol. J Arthroplasty 2010; 25(7): 1015-21-21 el-2.

Osmon DR, Berbari EF, Berendt AR, et al. Executive summary: diagnosis and management of prosthetic joint infection: clinical practice
guidelines by the Infectious Diseases Society of America. Clin Infect Dis 2013; 56(1): 1-10.
[http://dx.doi.org/10.1093/cid/cis966] [PMID: 23230301]

Kusuma SK, Ward J, Jacofsky M, Sporer SM, Della Valle CJ. What is the role of serological testing between stages of two-stage
reconstruction of the infected prosthetic knee? Clin Orthop Relat Res 2011; 469(4): 1002-8.
[http://dx.doi.org/10.1007/s11999-010-1619-7] [PMID: 20941647]

Cooper HJ, Della Valle CJ. The two-stage standard in revision total hip replacement. Bone Joint J 2013; 95-B(11)(Suppl. A): 84-7.
[http://dx.doi.org/10.1302/0301-620X.95B11.32906] [PMID: 24187360]

Haddad FS, Rayan F. The role of impaction grafting: the when and how. Orthopedics 2009; 32(9): pii: orthosupersite.com/view.
asp?rID=42842.
[http://dx.doi.org/10.3928/01477447-20090728-19] [PMID: 19751009]

English H, Timperley AJ, Dunlop D, Gie G. Impaction grafting of the femur in two-stage revision for infected total hip replacement. J Bone
Joint Surg Br 2002; 84(5): 700-5.
[http://dx.doi.org/10.1302/0301-620X.84B5.12504] [PMID: 12188488]

Salvati EA, Chekofsky KM, Brause BD, Wilson PD Jr. Reimplantation in infection: a 12-year experience. Clin Orthop Relat Res 1982; (170):
62-75.
[PMID: 7127966]

Ammon P, Stockley I. Allograft bone in two-stage revision of the hip for infection. Is it safe? J Bone Joint Surg Br 2004; 86(7): 962-5.
[http://dx.doi.org/10.1302/0301-620X.86B7.14292] [PMID: 15446518]

Haddad FS, Muirhead-Allwood SK, Manktelow AR, Bacarese-Hamilton I. Two-stage uncemented revision hip arthroplasty for infection. J
Bone Joint Surg Br 2000; 82(5): 689-94.
[http://dx.doi.org/10.1302/0301-620X.82B5.9668] [PMID: 10963167]

Fehring TK, Odum S, Olekson C, Griffin WL, Mason JB, McCoy TH. Stem fixation in revision total knee arthroplasty: a comparative
analysis. Clin Orthop Relat Res 2003; (416): 217-24.
[http://dx.doi.org/10.1097/01.b10.0000093032.56370.4b] [PMID: 14646764]

Mullaji A, Shetty GM. Cemented stems: a requisite in revision total knee replacement. Bone Joint J 2014; 96-B(11)(Suppl. A): 115-7.
[http://dx.doi.org/10.1302/0301-620X.96B] [PMID: 25381422]

Conlisk N, Gray H, Pankaj P, Howie CR. The influence of stem length and fixation on initial femoral component stability in revision total
knee replacement. Bone Joint Res 2012; 1(11): 281-8.
[http://dx.doi.org/10.1302/2046-3758.111.2000107] [PMID: 23610659]

Completo A, Simdes JA, Fonseca F, Oliveira M. The influence of different tibial stem designs in load sharing and stability at the cement-bone
interface in revision TKA. Knee 2008; 15(3): 227-32.
[http://dx.doi.org/10.1016/j.knee.2008.01.008] [PMID: 18420415]

Edwards PK, Fehring TK, Hamilton WG, Perricelli B, Beaver WB, Odum SM. Are cementless stems more durable than cemented stems in
two-stage revisions of infected total knee arthroplasties? Clin Orthop Relat Res 2014; 472(1): 206-11.
[http://dx.doi.org/10.1007/s11999-013-3139-8] [PMID: 23817757]

Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section analysis in revision total joint arthroplasty. Clin Orthop Relat Res 2002;
(401): 230-8.
[http://dx.doi.org/10.1097/00003086-200208000-00026] [PMID: 12151900]

Musso AD, Mohanty K, Spencer-Jones R. Role of frozen section histology in diagnosis of infection during revision arthroplasty. Postgrad
Med J 2003; 79(936): 590-3.
[http://dx.doi.org/10.1136/pm;j.79.936.590] [PMID: 14612604]

Bejon P, Berendt A, Atkins BL, et al. Two-stage revision for prosthetic joint infection: predictors of outcome and the role of reimplantation
microbiology. J Antimicrob Chemother 2010; 65(3): 569-75.
[http://dx.doi.org/10.1093/jac/dkp469] [PMID: 20053693]

Giulieri SG, Graber P, Ochsner PE, Zimmerli W. Management of infection associated with total hip arthroplasty according to a treatment
algorithm. Infection 2004; 32(4): 222-8.
[http://dx.doi.org/10.1007/s15010-004-4020-1] [PMID: 15293078]

Hanssen AD, Osmon DR. Evaluation of a staging system for infected hip arthroplasty. Clin Orthop Relat Res 2002; (403): 16-22.
[http://dx.doi.org/10.1097/00003086-200210000-00004] [PMID: 12360002]

Puhto AP, Puhto TM, Niiniméki TT, Leppilahti JI, Syrjala HP. Two-stage revision for prosthetic joint infection: outcome and role of
reimplantation microbiology in 107 cases. J Arthroplasty 2014; 29(6): 1101-4.
[http://dx.doi.org/10.1016/j.arth.2013.12.027] [PMID: 24461248]


http://dx.doi.org/10.4065/74.6.553
http://www.ncbi.nlm.nih.gov/pubmed/10377928
http://dx.doi.org/10.1093/cid/cis966
http://www.ncbi.nlm.nih.gov/pubmed/23230301
http://dx.doi.org/10.1007/s11999-010-1619-7
http://www.ncbi.nlm.nih.gov/pubmed/20941647
http://dx.doi.org/10.1302/0301-620X.95B11.32906
http://www.ncbi.nlm.nih.gov/pubmed/24187360
http://dx.doi.org/10.3928/01477447-20090728-19
http://www.ncbi.nlm.nih.gov/pubmed/19751009
http://dx.doi.org/10.1302/0301-620X.84B5.12504
http://www.ncbi.nlm.nih.gov/pubmed/12188488
http://www.ncbi.nlm.nih.gov/pubmed/7127966
http://dx.doi.org/10.1302/0301-620X.86B7.14292
http://www.ncbi.nlm.nih.gov/pubmed/15446518
http://dx.doi.org/10.1302/0301-620X.82B5.9668
http://www.ncbi.nlm.nih.gov/pubmed/10963167
http://dx.doi.org/10.1097/01.blo.0000093032.56370.4b
http://www.ncbi.nlm.nih.gov/pubmed/14646764
http://dx.doi.org/10.1302/0301-620X.96B
http://www.ncbi.nlm.nih.gov/pubmed/25381422
http://dx.doi.org/10.1302/2046-3758.111.2000107
http://www.ncbi.nlm.nih.gov/pubmed/23610659
http://dx.doi.org/10.1016/j.knee.2008.01.008
http://www.ncbi.nlm.nih.gov/pubmed/18420415
http://dx.doi.org/10.1007/s11999-013-3139-8
http://www.ncbi.nlm.nih.gov/pubmed/23817757
http://dx.doi.org/10.1097/00003086-200208000-00026
http://www.ncbi.nlm.nih.gov/pubmed/12151900
http://dx.doi.org/10.1136/pmj.79.936.590
http://www.ncbi.nlm.nih.gov/pubmed/14612604
http://dx.doi.org/10.1093/jac/dkp469
http://www.ncbi.nlm.nih.gov/pubmed/20053693
http://dx.doi.org/10.1007/s15010-004-4020-1
http://www.ncbi.nlm.nih.gov/pubmed/15293078
http://dx.doi.org/10.1097/00003086-200210000-00004
http://www.ncbi.nlm.nih.gov/pubmed/12360002
http://dx.doi.org/10.1016/j.arth.2013.12.027
http://www.ncbi.nlm.nih.gov/pubmed/24461248

588 The Open Orthopaedics Journal, 2016, Volume 10 Kini et al.

[69] Baker P, Petheram TG, Kurtz S, Konttinen YT, Gregg P, Dechan D. Patient reported outcome measures after revision of the infected TKR:
comparison of single versus two-stage revision. Knee Surg Sports Traumatol Arthrosc 2013; 21(12): 2713-20.
[http://dx.doi.org/10.1007/s00167-012-2090-7] [PMID: 22692517]

© Kini et al.; Licensee Bentham Open

This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License
(CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/legalcode), which permits unrestricted, non-commercial use, distribution and
reproduction in any medium, provided the work is properly cited.


http://dx.doi.org/10.1007/s00167-012-2090-7
http://www.ncbi.nlm.nih.gov/pubmed/22692517
https://creativecommons.org/licenses/by-nc/4.0/legalcode

	Two-stage Revision for Periprosthetic Hip and Knee Joint Infections 
	[Background:]
	Background:
	Methods:
	Results:
	Conclusion:

	INTRODUCTION
	Indications
	Preoperative Workup

	FIRST STAGE
	Spacers
	Interval Period

	SECOND STAGE
	Reimplantation Microbiology

	CONCLUSION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




