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natural knee [1]. Similar to total knee arthroplasty (TKA), peripros-
thetic joint infections (PJIs) after UKAs can occur with reported rates 
ranging from 0.2 to 3% [2,3].

There is surprisingly minimal literature regarding the treat-
ment and outcomes of PJIs after UKA. For chronic PJIs, Labruyère et 
al. demonstrated 100% survivorship in a series of nine infected UKAs 
treated with one-stage exchange arthroplasty to a TKA at a median of 
60 months, fi ve of which were initially unsuccessfully treated with 
synovectomy, joint lavage and antibiotics [2]. The authors also noted 
that wedges (n = 6) and stems (n = 5) were required in the majority 
of patients. Bohm et al. performed exchange arthroplasty in two 
cases of PJI with one resulting in a femoral amputation [4]. One 
study revised two cases via a second, single-stage UKA in conjunc-
tion with synovectomy and prolonged antibiotic therapy, with the 
new implants being the same size as the initial implant, and with 
one implant being cemented with antibiotic cement, while the 
other case did not have a cemented implant [5]. Four studies revised 
nine knees to a TKA [6–9], with one study having two re-revisions 
following initial resection for recurrent infection [9]. Furthermore, 
Hamilton et al. performed three two-stage exchange arthroplasties, 
with one initially undergoing irrigation and debridement but ulti-
mately requiring revision to a TKA via a two-stage exchange arthro-
plasty for recurrent infection [10]. 

Three studies successfully treated deep infection following UKA 
with retention of the implant with the fi rst reporting one case treated 
with debridement and inlay exchange [8], the second reporting two 
cases treated with washout, debridement and bearing/liner change 
[9] and the third reporting one case treated with synovectomy and 
placement of gentamicin chains [11]. 

It is clear through the current literature that there are several 
viable options to treat infections following UKAs. The method that 
the surgeon chooses to use should be selected based on the severity 
and chronicity of infection as well as the amount of remaining native 
bone and cartilage. Bone loss is also not uncommon in the sett ing of 
infection [5]. In acute infection and in the absence of involvement of 
other compartments, debridement and retention may be a reason-
able option. In patients with bone loss, chronic infections, or with 

infections that may be diffi  cult to eradicate due to a resistant or 
challenging organism, a one-stage exchange or two-stage exchange 
arthroplasty to a UKA or TKA may be performed with the inclusion 
of a wedge or stem as indicated. If two-stage exchange arthroplasty 
is being performed, during resection arthroplasty other compart-
ments and the fat pad should also be resected as they may harbor 
bacteria. This practice also allows for insertion of a proper spacer.

REFERENCES
[1] Becker R, Argenson JN.Unicondylar knee arthroplasty: what’s new?Knee 

Surg Sports Traumatol Arthrosc. 2013;21:2419-2420.
[2] Labruyère C, Zeller V, Lhotellier L, Desplaces N, Léonard P, Mamoudy P, 

et al. Chronic infection of unicompartmental knee arthroplasty: one-
stage conversion to total knee arthroplasty. Orthop Traumatol Surg Res. 
2015;101:553–557. doi:10.1016/j.otsr.2015.04.006.

[3] Sierra RJ, Kassel CA, Wett ers NG, Berend KR, Della Valle CJ, Lombardi AV. 
Revision of unicompartmental arthroplasty to total knee arthroplasty: 
not always a slam dunk! J Arthroplasty. 2013;28:128–132. doi:10.1016/j.
arth.2013.02.040.

[4] Böhm I, Landsiedl F. Revision surgery after failed unicompartmental knee 
arthroplasty: a study of 35 cases. J Arthroplasty. 2000;15:982–989.

[5] Lecuire F, Galland A, Basso M, Vinel H, Rubini J. Partial or total replacement 
of a unicompartmental knee prosthesis by another unicompartmental 
knee prosthesis: a reasonable option? About 22 cases. Eur J Orthop Surg 
Traumatol. 2013;23:933–938. doi:10.1007/s00590-012-1099-4.

[6] Kim KT, Lee S, Kim JH, Hong SW, Jung WS, Shin WS. The survivorship and 
clinical results of minimally invasive unicompartmental knee arthroplasty 
at 10-year follow-up. Clin Orthop Relat Res. 2015;7:199–206. doi:10.4055/
cios.2015.7.2.199.

[7] Morris MJ, Molli RG, Berend KR, Lombardi AV. Mortality and periop-
erative complications after unicompartmental knee arthroplasty. Knee. 
2013;20:218–220. doi:10.1016/j.knee.2012.10.019.

[8] Pandit H, Hamilton TW, Jenkins C, Mellon SJ, Dodd C a. F, Murray DW. The 
clinical outcome of minimally invasive Phase 3 Oxford unicompartmental 
knee arthroplasty: a 15-year follow-up of 1000 UKAs. Bone Joint J. 2015;97-
B:1493–1500. doi:10.1302/0301-620X.97B11.35634.

[9] Wynn Jones H, Chan W, Harrison T, Smith TO, Masonda P, Walton NP. Revi-
sion of medial Oxford unicompartmental knee replacement to a total 
knee replacement: similar to a primary? Knee. 2012;19:339–343. doi:10.1016/j.
knee.2011.03.006.

[10] Hamilton WG, Ammeen DJ, Hopper RH. Mid-term survivorship of mini-
mally invasive unicompartmental arthroplasty with a fi xed-bearing 
implant: revision rate and mechanisms of failure. J Arthroplasty. 
2014;29:989–992. doi:10.1016/j.arth.2013.10.010.

[11] Saxler G, Temmen D, Bontemps G. Medium-term results of the AMC-
unicompartmental knee arthroplasty. Knee. 2004;11:349–355. doi:10.1016/j.
knee.2004.03.008.

•    •    •    •    •
Authors: Kyung-Hoi Koo, Jorge Manrique, Adolph Lombardi

QUESTION 4: Can sub-radical resection arthroplasty (leaving parts of implants in place) be 
considered during management of patients with chronic periprosthetic joint infections (PJIs)?

RECOMMENDATION: Sub-radical resection arthroplasty (leaving parts of implants in place) may be considered during management of patients 
with chronic PJIs when a component is proven to be well-fi xed and its removal precludes opportunity for future reconstruction. 

LEVEL OF EVIDENCE:  Limited

DELEGATE VOTE: Agree: 68%, Disagree: 29%, Abstain: 3% (Super Majority, Weak Consensus)

RATIONALE 

Two-stage revision with removal of all prostheses followed by reim-
plantation has been considered the gold standard to treat chronic 
PJIs [1–3]. However, the removal process might necessitate the use of 
additional procedures such as an extended trochanteric osteotomy to 
perform the removal of a well-fi xed stem [4]. This can result in severe 
compromise of the proximal femur and jeopardize future fi xation of 
a reimplanted stem. Retaining a well-fi xed stem or acetabular compo-
nent can be an option to avoid this in the sett ing of PJI treatment. 

Struhl et al. [5] initially described this technique in 1989. In 
his case study, a 47-year-old man with a Staphylococcus epidermidis 
infection was treated by removal of the bipolar head, irrigation and 
debridement, retention of the femoral component and placement 
of antibiotic-impregnated beads. After seven weeks of intravenous 
antibiotic therapy, the patient underwent reimplantation of the 
acetabular component with an uncemented device. At 18-month 
follow-up, the patient had fully recovered without evidence of 
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infection. In 2013, Lee et al. [6] reported the results of 17 two-stage 
reconstructions retaining well-fi xed cementless femoral stems 
in the treatment of PJI. At 2- to 8-year follow-up, 15 patients (88%) 
had no recurrence of infection and had satisfactory radiological 
and clinical outcomes. More recently, Ekpo et al. [7] reported on 
19 patients with chronic infection whose femoral component 
was considered to be well-fi xed and its removal would result in a 
marked femoral bone loss. Only two patients (11%), who addition-
ally had failed a prior two-stage exchange, failed their secondary 
procedure due to recurrence of infection at a minimum of 2-year 
follow-up. Similar results have been published by Lombardi et al. 
[7] who had a series of 19 patients. At a mean follow-up of 4 years, 
89% were considered to be infection-free. Two more recent publica-
tions have looked at results of this procedure with longer follow-up 
periods [8,9]. In a study by El-Husseiny et al. [8], 18 patients who had 
partial component retention were evaluated. These were carefully 
selected cases out of all the 293 patients who were surgically treated 
for PJIs at their institution. The selection criteria and indications for 
this approach were those who had complex total hip arthroplasties 
with ingrown femoral stems or complex acetabular components 
that were well-fi xed [8]. Their reported success rate was 83%. Also, Ji 
et al. [9] retrospectively analyzed 31 patients. In his series patients 
underwent retention of components in what they called partial 
single-stage revision. Either the acetabular or femoral component 
was retained given that there was evidence of good fi xation. Of the 
31 patients, 27 were considered to have a good outcome (87.1%) at 
latest follow-up.

Results of sub-radical resection arthroplasty have shown accept-
able success rates ranging from 87-89%. These can be compared to 
published results of two-stage results, although there is a high vari-
ability of reported success rates [10-12]. Only one study reports on 
one-stage sub-radical resection and retention of well-fi xed compo-
nents with also promising success rates of 87% [9]. We consider that 
a careful selection of patients with adequate evaluation of fi xation is 
the key to determine if retention of components is a viable option. 
Although there is a lack of strong evidence, a partial exchange may 

present a bett er alternative than complete resection performed in 
two-stage revision of chronic PJIs when the stem is well-fi xed with 
bone-ingrown stability. We therefore support the use of partial 
exchange in the treatment of chronic PJIs in selected cases.

REFERENCES
[1] Masri BA, Panagiotopoulos KP, Greidanus N V, Garbuz DS, Duncan CP. 

Cementless two-stage exchange arthroplasty for infection after total hip 
arthroplasty. J Arthroplasty. 2007;22:72–78. doi:10.1016/j.arth.2006.02.156.

[2] Lieberman JR, Callaway GH, Salvati EA, Pellicci PM, Brause BD. Treatment 
of the infected total hip arthroplasty with a two-stage reimplantation 
protocol. Clin Orthop Relat Res. 1994:205–212.

[3] Koo KH, Yang JW, Cho SH, Song HR, Park HB, Ha YC, et al. Impregnation of 
vancomycin, gentamicin, and cefotaxime in a cement spacer for two-stage 
cementless reconstruction in infected total hip arthroplasty. J Arthroplasty. 
2001;16:882–892. doi:10.1054/arth.2001.24444.

[4] Miner TM, Momberger NG, Chong D, Paprosky WL. The extended trochan-
teric osteotomy in revision hip arthroplasty: a critical review of 166 cases at 
mean 3-year, 9-month follow-up. J Arthroplasty. 2001;16:188–194.

[5] Struhl S, Harwin SF, Stern RE, Kulick RG. Infected uncemented hip arthro-
plasty. Preserving the femoral stem with a two-stage revision procedure. 
Orthop Rev. 1989;18:707–712.

[6] Lee YK, Lee KH, Nho JH, Ha YC, Koo KH. Retaining well-fi xed cementless stem 
in the treatment of infected hip arthroplasty. Acta Orthop. 2013;84:260–264. 
doi:10.3109/17453674.2013.795830.

[7] Ekpo TE, Berend KR, Morris MJ, Adams JB, Lombardi A V. Partial two-stage 
exchange for infected total hip arthroplasty: a preliminary report. Clin 
Orthop Relat Res. 2014;472:437–448. doi:10.1007/s11999-013-3168-3.

[8] El-Husseiny M, Haddad FS. The role of highly selective implant retention 
in the infected hip arthroplasty. Clin Orthop Relat Res. 2016;474:2157–2163. 
doi:10.1007/s11999-016-4936-7.

[9] Ji B, Xu B, Guo W, Rehei A, Mu W, Yang D, et al. Retention of the well-fi xed 
implant in the single-stage exchange for chronic infected total hip arthro-
plasty: an average of fi ve years of follow-up. Int Orthop. 2017;41:901–909. 
doi:10.1007/s00264-016-3291-3.

[10] Lim SJ, Park JC, Moon YW, Park YS. Treatment of periprosthetic hip infection 
caused by resistant microorganisms using 2-stage reimplantation protocol. 
J Arthroplasty. 2009;24:1264–1269. doi:10.1016/j.arth.2009.05.012.

[11] Hsieh PH, Shih CH, Chang YH, Lee MS, Shih HN, Yang WE. Two-stage revi-
sion hip arthroplasty for infection: comparison between the interim use of 
antibiotic-loaded cement beads and a spacer prosthesis. J Bone Joint Surg 
Am. 2004;86-A:1989–1997.

[12] Volin SJ, Hinrichs SH, Garvin KL. Two-stage reimplantation of total joint 
infections: a comparison of resistant and non-resistant organisms. Clin 
Orthop Relat Res. 2004:94–100.

•    •    •    •    •
Authors: Derek Ward, Yona Kosashvili

QUESTION 5: Is it possible to have an isolated infection of only a portion of the joint (for 
example the femur and not the acetabulum, or tibia and not the femur)?

RECOMMENDATION: Unknown. Infection of a prosthetic joint is likely to involve biofi lm formation on surfaces of all foreign material. However, 
there may be rare circumstances when infective organisms may not be able to reach the surface of a well-fi xed implant and form a biofi lm. 

LEVEL OF EVIDENCE:  Limited

DELEGATE VOTE: Agree: 75%, Disagree: 19%, Abstain: 6% (Super Majority, Strong Consensus)

RATIONALE 

Using a standardized study search protocol, we performed a compre-
hensive review and analysis of the literature related to this subject 
matt er. There were no specifi c studies examining the issue of partial 
infection of an implant. As a proxy, we examined the literature 
related to the outcome of surgical treatment of chronic peripros-
thetic joint infections (PJIs) when partial retention of an implant 
was deemed appropriate. The primary outcome measure was success 
of treatment at a minimum of two years, defi ned as infection-free 
retention of the implant. The search strategy and inclusion criteria 

were chronic PJI, total hip arthroplasty (THA), total knee arthro-
plasty (TKA) and partial retention. Subsequently, our search strategy 
yielded 9 articles for analysis, including 130 revisions (Table 1). The 
follow-up period was 2-8 years (mean 4.1 years) or less if failure 
occurred. We also recorded the types of bacteria and the success 
rates reported in each study. 

There were no studies related to partial retention of TKA compo-
nents. The overall success rates of eradication of infection ranged 
from 80-100% (mean 90%). There were 113 acetabulum-only revisions 


