
© 2022 The authorswww.efortopenreviews.org
https://doi.org/10.1530/EOR-21-0037

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.

vv

7:2HIP 137–152

Articular spacers in two-stage revision arthroplasty for 
prosthetic joint infection of the hip and the knee
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•	 Use of articular antibiotic-eluting cement spacers during two-stage revision arthroplasty for 
prosthetic joint infection (PJI) is a long-established and proven adjunctive technique during 
first-stage surgery. Articular spacers come in many forms, either static or dynamic. The 
authors present an instructional review of current evidence regarding their use.

•	 A total of 45 studies (for spacer use in PJI involving either hip or knee) were analysed for 
data regarding eradication rate, functional outcomes, mechanical complications and the 
impact on second-stage surgery. A large number of case series and retrospective cohort 
studies were retrieved, with only a small number of prospective studies (2).

•	 High levels of infection eradication were commonly reported (>80%). Outcome scores 
were commonly reported as indicating good-to-excellent function and pain levels. Second-
stage procedures were often not required when dynamic spacers were used. Static spacers 
were associated with more mechanical complications in both the hip and the knee. In the 
hip, dynamic spacers were more commonly associated with instability compared to static 
spacers. Consideration should be given to the use of dual-mobility or constrained definitive 
acetabular components in these cases at second-stage surgery.

•	 The use of antibiotic-eluting polymethylmethacrylate articular spacers in two-stage revision 
for PJI of hip and knee arthroplasty achieves a high rate of infection eradication. Dynamic 
spacers may confer a variety of benefits compared to static spacers, with a similar rate of 
infection eradication.

Introduction
Arthroplasty
Total joint arthroplasty is considered as the definitive 
treatment for pain and disability ensuing primarily from end-
stage osteoarthritis of the hip and the knee (1). Both total 
hip arthroplasty (THA) and total knee arthroplasty (TKA) are 
long-demonstrated to confer significant improvements in 
patient metrics for pain and function (2, 3, 4, 5).

Primary hip and knee arthroplasty have low reported 
rates of all-cause revision, with recent UK National Joint 
Registry (NJR) data indicating 10-year revision rates of 
approximately 2% for a number of commonly used 
prostheses (6). Nonetheless, prosthetic joint infection (PJI) 
remains a devastating complication. Of all single- and 
first-stage revisions (of primary arthroplasty) registered in 
the NJR since 2003, infection is given as the indication for 
9.8 and 16.1% of cases for THA and TKA, respectively (6). 
PJI can thus be considered as a major cause for revision 

surgery and has long been reported as such (7, 8, 9). 
Infection is currently the fourth most common reason for 
revision following THA and the second most common 
cause for revision following TKA in the UK (6). Its adverse 
effects on function, pain and mental wellbeing, as well as 
its economic impact, are well documented (10, 11, 12). In 
addition to these factors, patient morbidity and mortality 
are also grossly affected (13, 14).

Two-stage revision arthroplasty is still considered as the 
gold standard for surgical treatment of PJI, yet the impact 
of revision surgery is profound. The inter-stage period of 
two-stage revision, in particular, has a significant negative 
impact on mobility and usually confers subsequent 
dependence on the patient. Other reported significant 
adverse consequences include burden of systemic 
antibiotic therapy, change in inter-family dynamics and 
profound psychological impacts (15).
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The use of antibiotic-impregnated/antibiotic-eluting 
bone cement

The use of antimicrobials in polymethylmethacrylate 
(PMMA) bone cement intra-operatively since the original 
use by Buchholz and Engelbrecht (1970) (16) has been 
well documented and repeatedly validated. Antibiotic-
impregnated PMMA, as a means for local delivery of water-
soluble agents, has long been used in both primary and 
revision surgery to reduce PJI rates. Antibiotic-impregnated 
PMMA enables high local concentrations of antimicrobial 
agents above minimum bactericidal concentration (MBC) 
or minimum inhibitory concentration (MIC), while 
mitigating risks of toxicity from sustained high systemic 
doses (17). The mechanics of antibiotic elution from 
cement involve diffusion of water across the polymer. 
As the antibiotics within the PMMA are water-soluble 
(typically gentamicin, vancomycin and tobramycin), water 
diffusing through the polymerised cement matrix carries 
the antibiotics with it (18). In vivo studies have confirmed 
high local doses above the MBC/MIC post-operatively but 
stress the importance of additional concurrent systemic-
targeted therapy (19, 20, 21). In vitro studies have shown 
the greatest concentration of antibiotic elution from 
PMMA spacers to occur within the first 10–12 days; 
however, elution can be detected above the MIC level in 
excess of 80 days when high doses are used. Tobramycin 
is observed to have better elution characteristics than 
vancomycin (22, 23). Insall et  al. described the classic 
two-stage revision (knee) arthroplasty procedure in 
1983 and set out the universally accepted 6-week post-
operative course of targeted antibiotics following revision 
hip or knee arthroplasty (24). The optimal duration 
of post-operative antibiotic therapy remains a topic of 
ongoing debate. Antibiotic therapy during the inter-stage 
period may continue until the second-stage procedure 
is completed, with periods of 2–8 weeks of therapy 
commonly reported. Longer courses of antibiotic therapy 
(6–8 weeks) are recommended for ‘difficult-to-treat’ (DTT) 
pathogens and/or in the presence of significant bone or 
soft tissue compromise; prolonged periods of treatment 
for over 8 weeks are not recommended, particularly in 
the presence of articular spacers, as the threshold MIC of 
elution may be breached, leading to microfilm formation 
on the spacer itself (25). Other studies have reported 
similar eradication rates following periods of 6 weeks post-
operative antibiotic therapy or less, compared to longer 
periods following DAIR (Debridement, Antibiotics and 
Implant Retention) and single-stage revision arthroplasty 
(26, 27, 28).

The switching from parenteral to oral antibiotic 
therapy also remains a topic of ongoing discussion. A 
recent multicentre pragmatic trial has demonstrated 
non-inferiority of oral antibiotic regimes for complex 

orthopaedic infection (including PJI), when compared 
to intravenous therapy (29); however, oral agents with 
good bone penetration are typically used following an 
initial period of post-operative parenteral therapy if factors 
permit, such as known pathogen and sensitivity, healthy 
overlying soft tissues and falling inflammatory markers 
(30). The rising incidence of drug-resistant and DTT 
organisms would suggest caution in early switching to oral 
therapy, and other modalities such as self-administered 
out-patient parenteral antimicrobial therapy have been 
proposed (31).

The use of articular spacers

Articular spacers are an integral component in the 
surgical management of PJI. The roles of a spacer include 
reduction of dead space, reduction of intra-/peri-articular 
haematoma, preservation of soft tissue balance/tension 
and (PMMA-mediated) local delivery of antibiotics. These 
biological roles play an important role in the successful 
eradication of established infection. A spacer may also 
confer mechanical stability, thus the ability to weightbear 
through the ipsilateral limb, and in some cases prosthetic 
articulation. These mechanical roles play an important 
role in functional outcome and further promote resolution 
of infection (32, 33, 34, 35).

Methods

The authors searched the MEDLINE database using 
PubMed from inception to February 2021, restricted to 
papers published in English. The authors searched for 
those related to hip and knee arthroplasty by searching 
the title and abstract fields for the words or phrases 
‘hip’, ‘knee’, ‘TKA’, ‘TKR’, ‘THA’, ‘THR’, ‘TJA, ‘TJR’ or 
‘arthroplasty*’. This search was restricted to infected and 
revised cases by combining these with the following terms: 
‘infect*’, ‘revision’, ‘revised’, ‘revising’, ‘revise’, ‘pji’, 
‘single-stage’, ‘two-stage’, ‘septic’, ‘sepsis’. It was further 
restricted to the use of articular spacers by combining with 
a search for the following terms in the title and abstract 
fields: ‘spacer*’, ‘kiwi’, ‘knee-wi’, ‘CUMAR’, ‘Steinman*’, 
‘Hofmann*’, ‘PROSTALAC’, ‘StageOne’, ‘Tecres’, ‘COPAL’ 
or ‘ANTILOCH’. Any articles which did not deal specifically 
with the use of articular spacers in the treatment of PJI of 
the hip and the knee were excluded on full-text search. 
The references sections of the articles included were 
interrogated for further relevant publication. Forty-three 
papers were identified with further 2 articles that were 
suggested for inclusion on peer-review (36, 37) resulting 
in 45 studies in total. These studies (and their summarised 
findings) are listed in Tables 1 and 2. Further studies that 
informed the discussion around surgical management of 
PJI are listed in the references.
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Aims

The authors present an instructional review of key concepts 
and current evidence on the use of intra-articular spacers 
in the staged surgical management of PJI.

Types of articular spacers

For the purpose of this review article, spacers can be 
broadly categorised into two mechanical types: static and 
dynamic. They can be further classified based on how they 
have been constructed. See Figs 1 and 2.

Static spacers

Static spacers do not allow functional motion during 
the inter-stage period. There are no true ‘static’ spacers 
for the hip; ambulation through the limb and functional 
pseudarthrosis are typically the case even in the crudest 
of handmade interpositional PMMA spacers (32). Static 
spacers in the hip do not confer the same pseudarthrodesis 
as in the knee.

Dynamic/articulating spacers

As opposed to static spacers, dynamic or articulating spacers 
allow functional movement throughout the normal plane 
of motion within the remnant joint, following first-stage 
revision. They allow weightbearing and improved quality 
of life but are contraindicated in cases of severe bone loss 
due to challenges in achieving adequate fixation/stability. 
In these cases, static spacers are often preferable.

Handmade spacers

Spacers may be constructed in the surgical field using 
antibiotic-impregnated PMMA. Common forms of 
handmade static spacer may include beads, balls, flattened 
blocks and intramedullary dowels/rods of PMMA, 
fashioned to fit the local bone defects (27). Handmade 
spacers enable specific tailoring to accommodate 
individual defects/anatomy. Handmade dynamic spacers 
are time-consuming to make and prone to fracture. These 
are formed around a Steinman pin, K-wire or other such 
metal ‘endoskeleton’, in order to mitigate the risk of 
fracture and other mechanical complications (38, 39). 
In the knee, handmade spacers can also be constructed 
around arthrodesis intramedullary nails such as the LINK® 
(LINK Orthopaedics UK Ltd, Edinburgh, UK) arthrodesis 
nail (Fig. 3).

Moulded spacers

Spacers may also be fashioned using commercially 
available moulds such as the injection-moulded StageOne® 
dynamic spacers for hip (Fig. 4) and knee (Zimmer BioMet, 
Warsaw, IN, USA) or the COPAL® knee moulds (Fig. 5) St
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system (Heraeus Medical GmbH, Wehrheim, Germany). 
These moulded articulating spacers are quicker to make 
intra-operatively but confer increased financial cost and 
sizing options are limited for individual cases.

Preformed spacers

Preformed PMMA spacers are also available in various 
sizes, for both hip and knee surgery, such as the ‘Tecres 
Spacer G®’ PMMA dynamic hip spacer and ‘Tecres 
Spacer K®’ dynamic knee spacer (Figs 6 and 7) (Tecres 
SpA, Sommacampagna (VR), Italy). Other available hip 
spacers exist under the broad description of ‘antibiotic-
loaded cement hemiarthroplasty’ (ANTILOCH). Preformed 
spacers are ready to use directly following removal from 
the packaging. They are convenient and save further time 
intra-operatively, but concern has been raised to their 
relatively low-antibiotic dosage/elution, as well as the 
limitation on the type of antibiotic used (40, 41). They are 
also expensive, and sizing options are again limited.

Hybrid PMMA and explant articulations

Hybrid PMMA/biomaterial articulations can be employed; 
historically, the explanted, autoclaved femoral component 
has been used on a new polyethylene tibial component 
(Hofmann technique) (42), although this practice now 
goes against the advice of both the U.S Food & Drug 

Administration and the UK’s Medicines and Healthcare 
products Regulatory Agency (43, 44). Alternatively, 
components specifically designed for short-term longevity 
and increased PMMA volume can be used, such as the 
PROSTALAC® (‘prosthesis of antibiotic-loaded acrylic 
cement’) hip (and legacy knee) system (Fig. 8) (DePuy 
Synthes, Warsaw, IN, USA). As such, cement-on-cement, 
so-called ‘prosthesis-on-polyethylene’ (Hofmann), 
prosthesis-on-PMMA and metal-on-polyethylene 
articulations have all been described, and outcomes of 
these systems have been widely reported in the literature 
(45, 46, 47, 48, 49). A report of cement-on-polyethylene 
dynamic spacer in knee surgery by Evans in 2004 described 
either handmade or moulded PMMA femoral component 
on a cemented polyethylene tibial component (50). Using 
processed explanted components is cheap, and good 
results have been reported, but the technique requires 
ready access to appropriate equipment and trained 
personnel in the theatre suite.

Custom-made articulating spacers 

Most recently, use of formal components with modified 
cementation techniques to facilitate easier removal 
at second stage has led to the use of ‘custom-made 
articulating spacers’ (CUMARS) for both hip and knee 
replacements (Figs 9 and 10) (51, 52). They allow full 
weightbearing (cement-on-cement bearing surfaces 
allow only partial weightbearing), normal joint motion 
and in specific circumstances (e.g. low-demand patients) 
are able to avoid the need entirely for a second-stage 
procedure, the so-called 1.5-stage exchange arthroplasty 
(51, 53). The use of CUMARS has gained popularity amid 
reports of excellent inter-stage functional performance, 

Figure 1
Types of articular spacers used in revision hip arthroplasty for PJI.

Figure 2
Types of articular spacers used in revision knee arthroplasty for PJI.

Figure 3
Images of the LINK® Endo-model® arthrodesis nail – (from 
left-to-right) (A) LINK arthrodesis nail; (B and C) Plain film 
images of LINK® fusion nail with associated (static) cement 
spacer. Image (A) is reproduced with permission from LINK 
Orthopaedics UK Ltd. Images (B and C) courtesy of Mr J Palan 
(co-author).
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simplified second-stage revision surgery and improved 
biomechanical outcomes (54, 55). Use of CUMARS 
can lead to excellent outcomes and functional results; 
however, they can be costly due to the use of ‘formal’/
definitive implants as temporary spacers.

Comparison of outcomes

Pain and functional outcomes

Hip

Little mention is made in the literature of relative pain 
levels for different types of hip spacer. Jacobs et  al. 
observed reduced inter-stage hospitalisation with 
mobile compared to static spacers, although this cannot 

directly be assumed to be purely due to pain levels (56). 
Younger et  al. associated greater inter-stage patient 
comfort with PROSTALAC® vs the traditional Girdlestone’s 
excision arthroplasty with static spacer (57). Pattyn et al. 
commented that inter-stage comfort was improved for 
dynamic vs static spacers (58).

Many studies suggested improved functional results 
from the use of dynamic spacers over static spacers (56, 
57, 59, 60). However, these were not reflected in functional 
outcome scoring. Some reports indicate no discernible 
difference in measured functional outcomes; however, 
a literature review by Veltman et  al. offered guarded 
comment owing to heterogeneity of any functional 
outcome measures used across the literature, with the 
Harris Hip Score being the most commonly used (33, 36, 
37, 40, 57, 61, 62). D’Angelo assessed functional scoring 
between handmade vs preformed dynamic hip spacers. 
Although both were significantly improved after insertion 
of spacers, no difference was seen between groups (1). 
Inter-stage functional performance following CUMARS has 

Figure 4
StageOne® and StageOne Select® injection 
mould hip spacers – (from left-to-right) (A) 
Plain film image of StageOne® dynamic hip 
spacer (no endoskeleton); (B) StageOne 
Select® hip spacer injection moulds; (C) 
StageOne Select® dynamic hip spacer; (D) 
Plain film image of StageOne Select® 
dynamic hip spacer in situ. Images (A, B 
and C) is published with permission from 
Zimmer Biomet. Image (D) courtesy of  
Mr S Jain.

Figure 5
Heraeus COPAL® injection-moulded dynamic knee spacer 
system. Images published with permission from Heraeus 
Medical GmbH.

Figure 6
(From left-to-right) (A) Tecres Spacer G®; (B) Tecres Spacer K®. 
Imagespublished with permission from Summit Medical Ltd.
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been suggested to be better than other forms of dynamic 
spacer (55). The use of CUMARS in the hip has even been 
suggested to be effective enough to preclude the need 
to progress onto second-stage surgery if the infection is 
confirmed eradicated and function is deemed adequate 
(51, 55). 

A 2018 international consensus paper reported 
reduced length-of-stay following first-stage procedure 
using dynamic spacers; Pattyn et al. also suggested that 
ease of discharge from hospital was facilitated by use of 

dynamic spacers (58, 63). No data was offered in support 
of these statements, however.

Knee

Improved functional outcome scores are reported for 
use of dynamic spacers (vs static) in revision surgery of 
the knee (63). In addition to improved outcome scores, 
some comparative studies also find improved satisfaction 
and range of motion following dynamic/articulating 
knee spacers (64). Three systematic reviews found no 
difference in improvement of Patient-Reported Outcome 

Figure 7
(From left-to-right) plain film images of implants in situ – (A) 
Tecres® Spacer G; (B) Tecres® Spacer K. Images published with 
permission from Summit Medical Ltd.

Figure 8
PROSTALAC® articulating hip spacer system. Images published 
with permission from DePuy Synthes.

Figure 9
Plain film image of right hip ‘custom-made articulating spacer’ 
(CUMARS). Image courtesy of Mr J Palan (co-author).
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Measures (PROMs) for both groups but reported an 
improved post-operative range of motion for the dynamic 
spacer group (65, 66, 67). A more recent review found 
no difference in pain but did find an improved Knee 
Society function score and range of motion with dynamic 
spacers (68). Selection bias is a criticism of these studies 
comparing static and dynamic spacers for infected TKA. 
Static spacers may be performed for more complex cases 
with greater compromise to bone stock and soft tissue. A 
recent randomised control trial of 68 patients undergoing 
two-stage exchange arthroplasty reported comparison 
between static (handmade) or dynamic StageOne® 
injection-moulded knee (Zimmer Biomet) spacers (69). 
Patients in the dynamic group had a significantly better 
range of motion and higher Knee Society Score (KSS) at 
follow-up.

Impact on revision surgery

Hip

Many authors offered subjective comment on the 
perceived benefits of dynamic spacer use with relation 
to the technical difficulty of second-stage procedures. A 
consensus paper from 2018 offered the opinion that inter-
plane dissection was easier with dynamic spacer use (63). 
Many authors reported that soft tissue condition, extent of 
scar tissue formation and ease of dissection was improved 
at the second stage following the use of a dynamic vs 
static spacer (33, 56, 57, 58, 60, 61, 70, 71, 72, 73). 
Despite being based solely on retrospective observation, 
the body of agreement on this issue is notable despite the 
heterogeneity of studies included. Increased acetabular 
bone loss at the second stage following the use of dynamic 

spacers (articulating with host acetabular bone) has been 
reported (54), and some authors advise against the use 
of such spacers in a deficient acetabulum (33). However, 
García-Oltra et al. assert that bone loss in the acetabulum 
is largely due to removal of the cup in first-stage surgery; 
ongoing radiographic development of medial erosion, 
protrusio acetabuli or superolateral migration due to 
prolonged use of a preformed dynamic spacer only 
occurred in those retaining the implant for over 1 year, 
with full weightbearing (74). Scharfenberger et al. report 
minimal acetabular bone loss at second-stage procedure 
following dynamic spacer use (PROSTALAC®), compared 
to another report of handmade dynamic spacer use ‘similar 
to a hemiarthroplasty’ in their outcome series (59).

Preservation of residual bone stock and avoidance of 
disuse osteopenia following the first stage was associated 
with the use of dynamic spacers by a number of authors 
(33, 56, 60, 61). This was thought to be due to increased 
physiological loading of the host bone by partial 
weightbearing enabled by dynamic spacer use. Lastly, 
leg length deficiency following second-stage surgery was 
noted to be improved by the use of dynamic spacers by a 
number of authors (54, 57, 60, 61).

Knee

Fehring et al. compared static block-type cement spacers 
in the knee with custom-moulded dynamic cement 
spacers and found the development of bone loss in 60% 
of the static spacer group (75). More recent comparative 
works concur, finding bone loss in 75–100% of patients 
with static spacers (76, 77). A further systematic review 
found that patients with dynamic spacers developed 
significantly less bone loss (67). Although the authors 
found no difference in the presence of pre-existing bone 
loss, they did note that static spacer patients tended to 
have more severe pre-existing femoral bone loss. Dynamic 
spacers also less frequently require extensile surgical 
approaches upon second-stage surgery (67, 69, 78, 79).

Instability and other complications

Hip

Recognised complications of dynamic spacers for the hip 
include dislocation, spacer fracture and periprosthetic 
fracture. Complication rates are higher in dynamic spacers 
that articulate against host bone and higher again in 
‘bespoke’ or handmade dynamic spacers (36, 63).

Rava et al. suggest an incidence of 8.46% for dislocation 
in their review of available literature, although this was a 
combined group of 567 patients across a number of studies 
with considerable heterogeneity, not least of which was the 
variety of spacers being used (80). Romano et al. reported a 
dislocation rate of 16.4% for a series of preformed dynamic 
hip spacers (81). D’Angelo also reported a dislocation rate 

Figure 10
Plain film images of left knee ‘custom-made articulating spacer’ 
(CUMARS). Images courtesy of Mr S Jain (co-author).
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of 10.7% in a series of 28 preformed, dynamic hip spacers 
(Spacer G) (37). The limited head sizing and offset options 
seen in preformed dynamic spacers may contribute to this 
relative high dislocation rate (62). Instability is thought to 
be related to poor spacer design, typically seen more in 
handmade dynamic spacers, such as short femoral stem 
and increased head:neck ratio (56). Dislocation rate is 
thought to be improved in the use of dynamic spacers 
that articulate against a prosthetic surface, such as the 
PROSTALAC® system or other CUMARS (54, 71, 72, 73). 
Relative contraindications to dynamic spacer use have 
been suggested, including inadequate/defunctioned hip 
abductors, on-table hip contracture, segmental bone loss 
affecting the acetabulum or excessive acetabular wear 
and general poor condition of investing soft tissues and 
proximal femoral bone stock (56, 63, 72, 73).

Spacer fracture is associated with subsequent instability 
and local soft tissue damage. Earlier literature reports 
ongoing incidence associated particularly with handmade/
injection-moulded dynamic spacers (3.0–5.9%) (40, 54, 
70, 82). Other authors described the incidence of spacer 
fracture in early cement-on-cement dynamic spacers (3.2–
4.8%) (34, 61). Features predisposing to spacer fracture 
include higher head:neck ratio, short femoral stem 
with reduced intramedullary anchorage, lack of metal 
‘endoskeleton’ (such as re-purposed K-wires, Schanz pins 
or proprietary stem) (39, 40, 56, 61, 80) and handmade 
dynamic spacers (40, 82).

Periprosthetic fracture has been reported in a number of 
case series studies (39, 54, 57, 58, 59, 60, 80). The median 
incidence of periprosthetic fracture in these reports was 2 
(1–3). A higher risk of periprosthetic fracture was associated 
with increasing bone loss following debridement at first-
stage surgery, as per Paprosky classification (58, 73).

Knee

Dynamic spacers rely on soft tissue tensioning for stability. 
A study of 154 patients with dynamic spacers found that 
45% had minor problems of spacer tilting or mediolateral 
translation, while 12% of spacers were subluxed, fractured 
or dislocated (45). Lau et al. found that spacer instability 
was associated with bone loss and a lower KSS (83).

Periprosthetic fracture is also reported in the literature 
for knee spacers, with one study reporting a 9.1% fracture 
rate associated with static spacers (83). Mechanical 
complications with dynamic spacers may be due to 
preoperative defects in bone stock or soft tissue, surgical 
technique or a limited selection of prefabricated spacer 
sizes (63). Another study compared the incidence of 
mechanical complications (spacer fracture, dislocation or 
subluxation) in both static and dynamic spacers reporting 
a 12% rate and a 0% rate, respectively (76). Similarly, a 
large case series of static spacers reported only one spacer 
fracture (0.8%) (84). International consensus advises the 

use of static spacers in patients at higher risk of mechanical 
complications (63).

Eradication rate

Hip

Almost all reports of successful PJI treatment following 
two-stage revision hip arthroplasty using an antibiotic-
eluting PMMA spacer demonstrate no difference in 
eradication rates between the use of static and dynamic 
spacers (33, 56, 57, 58, 61, 62, 82). Furthermore, almost 
all comparative studies demonstrate no difference in 
eradication rates between differing varieties of dynamic 
spacers, such as handmade, preformed, dynamic or 
CUMARS (36, 40, 58, 60, 62, 85, 86). This is despite 
some reported concerns of inert prosthetic material 
(polyethylene) used in CUMARS acting as a substrate 
for infective recurrence (54, 87). The report by Sabry 
et  al. suggests possible increased rates of treatment 
failure (infection recurrence) with their CUMARS variant. 
Considerable interest has persisted in use of CUMARS for 
two-stage treatment of hip PJI since its initial reporting 
(51). Subsequent reports have validated the promising 
initial findings of effectively eradicating PJI, allowing full 
mobility and full weightbearing through the affected 
joint. In addition to this, CUMARS uniquely allows the 
potential for delayed second-stage surgery or even for 
some patients removes the pressing need for second-
stage surgery at all (88).

Some concern has been reported regarding the 
limitation to antibiotic regimes from preformed dynamic 
spacers, such as the Spacer G. Lower elution rate/
antibiotic dose within preformed dynamic spacers has 
also been cited as a potential limitation to their efficacy in 
eradicating infection (54). Furthermore, the option to add 
additional antibiotics/bespoke regimes is similarly limited 
in these spacers (58).

Knee

In 2000, Fehring et  al. reported outcomes for patients 
undergoing two-stage revision following infected TKA; 
they showed no difference in eradication rate between 25 
cases with static block-type cement spacers (of varying 
shapes) and 30 cases with custom-moulded dynamic 
cement spacers (75). Other smaller comparative studies 
from the 1980s to early 2000s found similar equivalence 
(42, 60, 89).

A number of studies have been published more recently, 
describing the outcomes for either static or dynamic 
spacers, or comparing both. These vary significantly 
with respect to the length of follow-up and operative 
technique. Most systematic reviews of the literature 
suggest no difference between static and dynamic spacers 
with respect to eradication rates (65, 66, 68, 85).
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One systematic review, utilising wider literature 
inclusion criteria, did find a better eradication rate for 
dynamic spacers but noted that a number of factors could 
have confounded this result, including case complexity, 
antibiotic choice and method of spacer fabrication (67).

There is little evidence with respect to reinfection rates 
for specific subtypes of spacer. DeBoer found no difference 
in outcome when comparing injection-moulded with 
preformed dynamic spacers, but this study was limited 
due to its small subgroup sizes (90). Larger studies have 
been unable to differentiate due to differences in study 
design and heterogeneous data (66, 67).

Conclusions

Our clinical practice for the use of intra-articular spacers 
are as follows:

In the hip, we would recommend the use of a dynamic 
hip spacer wherever possible, as this allows the patient to 
mobilise more easily and weightbear and reduces the risk 
of a spacer dislocation. Furthermore, it mitigates against 
significant leg length shortening on the affected side, 
which helps reduce the risk of contractures and stiffness in 
preparation for a second-stage procedure. We advocate the 
use of a CUMARS as a dynamic spacer, using a cemented, 
polished, tapered stem and cemented socket (the so-called 
‘kiwi’ procedure), both for ‘single-stage’ cases with an 
infected hip replacement where the bacteria and antibiotic 
sensitivities have been confirmed and in first-stage revision 
(of two) for PJI. The use of a CUMARS can be particularly 
useful for the very frail patient with significant medical 
co-morbidities where the risks of further surgery are great, 
as the implanted CUMARS may sometimes (up to 45%) 
become the definitive reconstruction and avoid the need 
to proceed to the formal second-stage revision (51).

We would use a static all-cement spacer in patients 
who have had multiple previous operations for ongoing 
PJI and/or there is polymicrobial infection including fungal 
infection or established osteomyelitis. In such cases, 
reducing the metal presence in the hip and thus reducing 
the potential for a biofilm may be more beneficial despite 
the limitations of static spacers.

In the knee, we recommend the use of a CUMARS 
(dynamic spacer) where possible, using a standard knee 
cemented femoral component and an all polyethylene 
tibial component. In patients who have had multiple 
previous revision surgery, polymicrobial infection or an 
extensor mechanism deficit, we would recommend using 
a static spacer. This is either a handmade cement spacer 
(sometimes around an arthrodesis IM nail) or an injection-
moulded spacer.

In summary, the literature on the clinical outcomes 
of spacers in the management of PJI is very limited and 
mainly confined to retrospective case series and short-

term outcome studies. Many of these studies were often 
focused more broadly on the outcomes of two-stage 
revision surgery rather than comparing spacers. It is 
important that orthopaedic surgeons are familiar with the 
different types of spacers available for use as part of the 
strategy for treating patients with PJI.
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