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Abstract
Introduction  Temporary spacers used in the staged revision of a hip prosthetic joint infection (PJI) have been associated 
with several mechanical complications with very variable reported general complications rates up to 73%. The aim of this 
systematic review was to assess the mechanical complications associated with hip antibiotic-loaded spacers when treating 
periprosthetic hip PJI.
Methods  Through an electronic systematic search of PubMed, articles reporting mechanical complications of spacers used 
in the treatment of hip PJI were reviewed. Dislocations, spacer fracture, femoral fractures, and acetabular lysis rates were 
evaluated.
Results  Forty studies were included. Standardized molded spacers had a significantly higher weighted mean of total mechani-
cal complication rates (37.2%) when compared to standardized preformed spacers (13.8%, p = 0.039), while no significant 
difference was found between molded spacers and manually shaped spacers. Spacer dislocation was the most frequent 
complication. No significant difference in mechanical complication rate was found between spacers with and without any 
metallic component.
Conclusions  Spacer placement in chronic PJI of the hip with bone and soft-tissue defects is challenging and bears a high risk 
of mechanical failures and progressive bone loss during the interim period. A careful patient selection for spacer implanta-
tion is mandatory.

Keywords  Hip · Spacer · Prosthetic-joint infection · Complication · Mechanical

Introduction

A staged revision is the “gold standard” for treating chronic 
prosthetic joint infection (PJI). The first stage includes 
implant and cement removal and bone and soft-tissue 
debridement, implantation of a temporary antibiotic-loaded 
cement spacer, and concomitant microbe-specific antibiotic 
treatment. Reimplantation with a new definitive implant can 
be done after infection resolution [1].

The use of antibiotic-loaded cement spacers allows for 
the local delivery of large amounts of antibiotics which has 

been shown to improve infection-related outcomes compared 
to resection arthroplasty [2, 3] Additional functions of an 
antibiotic-laden spacer are to allow for stability, maintenance 
of length, and patient mobility while waiting for infection 
eradication [12, 14–18]. Potential benefits of spacers are 
also improved function and less pain during the interval, [7, 
9–13] shorter second stage, thanks to reduced intra-articular 
fibrosis and retraction [7, 9, 10, 12, 13].

In the literature, static and articulating spacers have been 
described [4, 5]. Recently, Lunz et al. [6] proposed a new 
“hip spacer classification system” to simplify comparison 
between different spacer designs. This include four cat-
egories: Resection arthroplasty (Girdlestone hip), Static 
spacer (PMMA cement cap implantation, either femoral 
or femoral + acetabular), hemi-spacer (comparable to a 
fixed-head hemiarthroplasty without implantation of an 
acetabular cap), and articulating spacer (Comparable to a 
total hip arthroplasty, articulation within the spacer). Hemi 
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spacers and articulating spacers are mobile spacers and can 
be further categorized as either commercially available 
pre-formed components, commercially available molds, or 
custom-made.

Different methods and surgical techniques have been 
described for the fabrication of articulating spacers, includ-
ing manually shaped (custom-made), standardized molded, 
standardized preformed, and antibiotic-coated prosthesis [7, 
8].

Benefits of preformed cement spacers, such as spacer G 
(Tecres SpA, Verona, Italy), include longer antibiotic elu-
tion, the ability to mechanically load the component which 
further enhances antibiotic elution, and their availability in 
a variety of sizes, allowing for a closer approximation of 
native joint anatomy which may restore joint biomechanics 
and improve interstage function [9]. Intraoperatively manu-
ally shaped spacers are diverse and often include the addition 
of a central endoskeleton using a Kirschner wire (K-wire), 
Steinmann pin, or commercially created stainless-steel 
construct in the hopes of improving mechanical properties 
[10]. Prosthesis of antibiotic-loaded acrylic cement (PROS-
TALAC—DePuy Orthopaedics) has also been reported 
[11–13] and consists of a constrained cemented acetabular 
component and a femoral component with a modular head 
with antibiotic-loaded cement surrounding a stainless-steel 
endoskeleton.

Nonetheless, temporary spacers have been associated 
with several mechanical complications with very variable 
reported general complications rates ranging up to 73% [2, 
14–18]. These include spacer fracture [18–20], bone fracture 
and lysis induced by stress on adjacent bone [19, 20] and 
implant dislocation, with loss of all benefit [19, 20].

Patients who require surgical intervention for mechanical 
complications of their spacer have lower infection cure rates 
and a worse final clinical hip evaluation compared to patients 
without any mechanical complications [19]. Thus, minimiz-
ing mechanical complications while treating infected pros-
theses is essential to optimize patient outcomes.

Recently, it has been shown that collective mortality 
following a two-stage protocol was underestimated [20]. 
Mechanical complications with the enclosed spacer can 
contribute to overall mortality, as there can be far-reaching 
consequences (further surgery with high multimorbidity, 
becoming bedridden, extended duration of treatment, and 
impaired functional outcome). Therefore, in hip two-stage 
revision for PJI, there is the question of whether to use an 
antibiotic-loaded cement spacer in the interval between 
stages. Several prior studies have been published looking at 
spacer failures and mechanical complication rates; however, 
the implant groups have been very heterogeneous.

The aim of this systematic review was to assess the 
mechanical complications associated with hip antibiotic-
loaded spacers when treating periprosthetic hip PJI.

Methods

This systematic review was conducted in accordance with 
the PRISMA (Preferred reporting items of systematic 
reviews) guidelines [21, 22].

The criteria used to select articles allowed to extrapolate 
data about the use of a cement spacer after hip prosthesis 
removal for a PJI. Studies eligible for this systematic review 
were identified through an electronic systematic search of 
PubMed and Web of Science, until 31st December 2021. 
The search string used was as follows: (hip) AND (spacer 
OR infection) AND (complication OR dislocation OR frac-
ture OR rupture OR osteolysis).

Articles were included if published on a peer-reviewed 
journal. All duplicates were removed. Articles without an 
abstract were excluded from the study. Screening of the 
articles was done considering the relevance of titles and 
abstracts and looking for the full-text article when the 
abstract provided insufficient information about inclusion 
and exclusion criteria. Animal model studies, biomechanical 
reports, technical notes, letters to editors, cadaver or in vitro 
investigations, and instructional were excluded.

Articles that were considered relevant by electronic 
search were retrieved in full text and a hand-search of their 
bibliography was performed to find further related articles. 
Reviews and meta-analysis were also analyzed to broaden 
the search for studies. Articles with insufficient details about 
study populations, surgical intervention and type of recon-
struction were excluded. Remnant studies were categorized 
by study type, according to the Oxford Centre for Evidence-
Based Medicine.

All the included studies were reviewed, and data related 
to topics of interest were extracted and summarized 
(Tables 1, 2). The bias analysis according to Institute of 
Health Economics (IHE) quality appraisal checklist is per-
formed Table 3).

Studies with reported quantitative data were used for 
statistical analysis. The weighted mean was calculated to 
summarize the complication rates reported in the individual 
studies and to compare them according to the type of spacer 
used. The Shapiro–Wilk test was used to verify normal dis-
tribution. The Levene test was used to assess the equality of 
variances. As parametric test, the two-tailed unpaired Stu-
dent T test was used to compare the weighted mean (WM) 
values between two unpaired groups, in case of equality of 
the variances, otherwise the Welch T test was used. The 
one-way ANOVA test was used to compare more than two 
unpaired groups, using the Tukey HSD ("Honestly Signifi-
cant Difference") post hoc test, to indicate which groups 
were significantly different from which others. Pearson’s 
coefficient was used to make correlations. Spearman rho was 
used to identify monotonic relationship between variables 
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(age and mean spacer duration and mechanical complication 
rates). P value < 0.05 was considered to be significant. All 
statistical analyses were performed with IBM SPSS v26.0 
for MacOS (SPSS Inc., Chicago, Illinois).

Results

A total of 21 studies were found through the electronic 
search and 19 studies were added after cross-referenced 
research on the bibliography of the examined full-text arti-
cles. After a preliminary analysis, a total of 40 studies were 
included in this systematic review (Table 1, Fig. 1).

Thirteen studies reported the results of treatments in 
which a standardized prefabricated spacer was used [9, 11, 
18, 19, 23–32], 5 studies reported on spacers that were intra-
operatively produced by means of standardized molds or 
based on the method of Ivarson et al. [33] (by separately 
duplicating the shape of the retrieved femoral head and the 
femoral stem component with bone cement) [17, 31, 34–36], 
20 studies reported on intraoperatively manually shaped 
spacers [2, 10, 14, 16, 33, 37–51], and two studies presented 
series in which different types of spacers were used. [7, 15] 
(Table 1).

Most of the spacers, regardless of the type, contained or 
were molded around a metallic core. The metallic compo-
nent used was variable and included K-wires, Steinmann 
pins, rush pins, intramedullary nails, plates, steel rods, 
cerclages, femoral stems, and antibiotic-coated prostheses 
(Table 1). In detail, 30 studies reported on spacers with 

a metallic core [9–11, 16, 18, 19, 24–32, 35–38, 41, 42, 
44–51], 8 studies on metal-free spacers [2, 17, 23, 33, 34, 39, 
40, 43], and two studies presented a series in which spacers 
both with and without metal components were included [14, 
15] (Table 1).

A total of 1659 spacers were included in this review from 
the studies that met the inclusion criteria. There were 798 
standardized preformed spacers, 301 standardized molded 
spacers in 8 studies, and 560 manually shaped spacers in 
22 studies (Tables 1, 2). A total of 1308 spacers included 
metallic components and 213 spacers resulted metal-free, 
while for 138 spacers, the presence of metal was not speci-
fied (Tables 1, 2).

In a pooled analysis, the overall mechanical complica-
tions rate ranged from 0% to 92.3% of the spacers implanted, 
with a weighted mean (WM) of 19% ± standard deviation 
(SD) = 16.3% and a total of 316 events. In detail, there were 
a total of 59 spacer fractures (WM: 3.5% ± SD = 5.9%, 
range: 0–38.5%), 58 peri-spacer femoral fractures (WM: 
3.5% ± SD = 6.6%, range: 0–40%), 180 dislocations of the 
spacer (WM: 10.8% ± SD = 7.5%, range: 0–42.3%), and 20 
acetabular complications, including acetabular lysis and 
pelvic protrusion (WM: 1.2% ± SD = 4.5%, range: 0–23.1%) 
(Table 1). Thirty-eight studies reported clearly recognizable 
data on mechanical complications according to the type of 
spacer used.

A significant difference was found comparing the 
mechanical complication rates among the 3 groups of differ-
ent types of spacers (p = 0.047), and particularly comparing 
the incidence of spacer fractures (p = 0.005) and peri-spacer 

Fig. 1   PRISMA flow diagram and the selection of studies
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femoral fractures (p < 0.001) (Table 2). In detail, standard-
ized molded spacers appeared to have a significantly higher 
weighted mean of total mechanical complication rates (WM: 
37.2% ± SD = 21.6%) when compared to standardized pre-
formed spacers (WM: 13.8% ± SD = 5.2%, p = 0.039), while 
no significant difference was found between molded spac-
ers and manually shaped spacers, despite a strong trend 
of higher complication rates observed for molded spacers 
(Table 2). Moreover, a higher incidence of spacer fractures 
and peri-spacer femoral fractures was found when a stand-
ardized molded spacer was used (WM: 10.2% ± SD = 6.3% 
and WM: 13.5% ± SD = 12%, respectively), both com-
pared with standardized preformed spacers (WM: 
0.8% ± SD = 2.2%, p = 0.004 and WM: 1.3% ± SD = 30.5%, 
p < 0.001, respectively) and manually shaped spacers (WM: 
3.7% ± SD = 7.2%, p = 0.039 and WM: 3.3% ± SD = 5.2%, 
p = 0.001, respectively) (Table 2). No significant difference 
was found comparing weighted means of complication 
rates between standardized preformed spacers and manu-
ally shaped spacers (Table 2). No significant difference was 
found on spacer dislocations and acetabular complications 
among the groups (Table 2).

The presence of a metallic core was recognizable in 
39 studies. No significant difference in mechanical com-
plication rate was found between spacers with and with-
out any metallic component, (WM: 18.2% ± SD = 18.6% 
versus 23.2% ± SD = 17.6%, p = 0.477) and specifically 
regarding spacer fractures (WM: 2.8% ± SD = 6.1% versus 
4.5% ± SD = 1.7%, p = 0.446), peri-spacer fractures (WM: 
3.1% ± SD = 6.8% versus 6.8% ± SD = 6.5%, p = 0.155), 
spacer dislocations (WM: 11.3% ± SD = 7.8% versus 
9.1% ± SD = 7.5%, p = 0.457), and acetabular complications 
(WM: 1% ± SD = 4.2% versus 2.7% ± SD = 6.3%, p = 0.348) 
(Table 4).

No correlation was found between patients’ age and 
mechanical complications rate. In 28 studies, it was pos-
sible to correlate the mean of the spacer persistence time 
and the rate of mechanical complications. No statistically 
significant correlation was found, although there was a trend 
toward increasing complications with increasing spacer 

persistence time (p = 0.124), particularly for hand-modeled 
spacers (p = 0.063).

Discussion

Articulating hip spacers help to improve the joint function, 
enable early mobilization of the patient, and better preserve 
limb length and periarticular tissues. This leaves the sur-
gical area more suitable for reimplantation, especially on 
the acetabular side [17, 52]. Different methods and surgical 
techniques have been described in the literature for the fab-
rication of articulating spacers, including handmade, molded 
intraoperatively, prefabricated, and antibiotic-coated pros-
theses [7, 8].

Many studies reported on mechanical complications rates 
in articulating hip spacers, with complications rates ranging 
between 0% and more than 50% [2, 9–11, 14–19, 23–51]. 
However, most of the series in the literature are relatively 
small and very heterogeneous. Moreover, only a few of them 
directly compared complications rates in different types of 
spacers [7, 15]. To the best of our knowledge, this is the first 
systematic review focusing on mechanical complications of 
hip spacers.

Among 40 studies analyzed, mechanical complications 
were found in 316 (19.0%) of the 1659 cases. Mechanical 
complications were more frequent in the case of a standard-
ized molded spacer. A difference between handmade spacers 
and molded spacers was also reported by Jones et al. [7] and 
Anagnostakos et al. [53], even if the inhomogeneity of the 
patient population meant that this was not statistically signif-
icant. On the other hand, Faschingbauer et al. [15] reported 
a higher number of complications with manually shaped 
spacers, without differentiation on the type of complication.

Spacer dislocation is the most frequently reported com-
plication (10.8%). However, no differences were observed 
among singular types of spacers. Widely divergent disloca-
tion rates have been reported in the literature. Jung et al. 
[17] reported a dislocation rate of 17%, whereas Magnan 
et al. [18] in a small series of 10 cases reported a disloca-
tion rate of 10% after implantation of a standardized hip 

Table 4   Summarized data on the weighted means of the mechanical complications rates reported by the individual studies, according to the 
presence of a metallic core

SD standard deviation
§ Data available for 39 out of 40 studies

Group § Number of 
spacers

Mechanical complica-
tions, % ± SD

Spacer fracture, 
% ± SD

Perispacer fracture, 
% ± SD

Spacer dislocation, 
% ± SD

Acetabular 
complications, 
% ± SD

Metallic core 1308 18.2 ± 18.6 2.8 ± 6.1 3.1 ± 6.8 11.3 ± 7.8 1 ± 4.2
No metallic core 220 23.2 ± 17.6 4.5 ± 4.7 6.8 ± 6.5 9.1 ± 7.5 2.7 ± 6.3
p value – 0.477 0.446 0.155 0.457 0.348
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spacer. Faschingbauer et al. [15] observed a dislocation rate 
of 8.7% which is clearly less than that reported by Leunig 
et al. (41.7%). [16] On the other hand, Buller et al. [21], 
Koo et al. [34], Shin et al. [41], and Takahira et al. [44] did 
not observe any dislocations following the implantation of 
standardized spacers.

A few series reported risk factors for spacer dislocation. 
Cabrita et al. [2] observed an increased risk of dislocation 
when the necks of these spacers were too valgus, which 
facilitated lateral migration. The dislocation rate tended to 
be higher with smaller off-set, an association that was sta-
tistically significant in the study by Leunig et al. [20]. It 
was also hypothesized an increased risk of spacer disloca-
tion if the patient is non-compliant or cannot tolerate partial 
weight-bearing, if the size of the spacer is too small and if 
large osseous defects of the acetabulum do not allow for 
normal spacer articulation [7, 54]. Bori et al. [19] claimed 
that the rate of dislocation was also higher in patients with 
a prior dislocation of the prosthesis and lower in patients 
who underwent hip arthroplasty after arthritis compared to 
those who underwent hemiarthroplasty after proximal hip 
fractures. Moreover, an increased risk of spacer dislocation 
was reported in large bone defects in the acetabulum and in 
patients with muscular insufficiency because of lower off-set 
of the hip, limb length shortening, or absence of the abduc-
tor muscles. Nonetheless, Molinas et al. [26] reported that 
lateral and vertical femoral off-set did not modify disloca-
tion rate.

To reduce the risk of dislocation, Burastero et al. [24] 
proposed the use of an acetabular custom-made spacer in 
addition to the femoral one. Pizzo et al. [40] reported on 
the use of constrained liners, which was shown to be highly 
successful in preventing prosthetic hip dislocation in patients 
at high risk for recurrent instability.

In the case of dislocation, Faschingbauer et  al. [15] 
observed that closed reduction and stable retention were 
possible in only 4 out of 12 dislocations, whereas all other 
patients with a spacer dislocation underwent a subsequent 
operation with spacer revision. Because dislocation may 
recur, treatment with orthosis or skin traction has been 
encouraged.

Spacer fracture was reported in 3.5% of the 1659 cases 
reported in the literature. A higher rate of spacer fracture 
was observed in standardized molded spacers. In compari-
son to intraoperatively molded cement spacers, prefabricated 
cement spacers are manufactured to maximize strength.

Similar rates of dislocations were reported whichever 
approach was used for revision surgery [55], despite most 
of the series performed revision surgery with a direct lateral 
approach to the hip [9, 18].

In the series by Faschingbauer et al. [15], 50% of patients 
with a spacer fracture remained asymptomatic and showed 

a stable condition, while the other half underwent spacer 
revision.

To prevent a spacer fracture, Jung et al. [17] suggested the 
insertion of a metallic endoskeleton into the spacer. Jones 
et al. [7] reported that spacer fractures were only seen in 
molded or handmade spacers with no spacer fracture in the 
antibiotic-coated prosthesis group. Even though a higher rate 
of spacer fracture was observed in those with no metallic 
core (4.5% vs 2.8%), this was not statistically significant. 
However, it must be considered that metallic cores included 
in different series of the literature are very heterogeneous, 
ranging from K-wires and Steinmann pins to antibiotic-
coated prosthesis.

Laboratory testing has shown improved strength with 
reinforced spacers; however, clinical evidence is lacking 
[15]. Schöllner et al. [56] investigated the mechanical prop-
erties of gentamicin-loaded hip spacers after the insertion of 
K-wires in vitro. The insertion of the K-wires prevented any 
dislocation of the spacer fragments, but did not significantly 
improve mechanical properties. The mechanical stability of 
spacers is determined and influenced by many parameters, 
including geometry, aging, storage, type of cement, the type 
and content of antibiotic, the presence of an endoskeleton, 
and standardization of its preparation (such as atmospheric 
composition during mixing and the frequency and duration 
of the particular mixing process) [16]. In addition to the 
manufacturing process, other factors might compromise the 
function of the spacer, including the residual bone quality 
after the first surgery, or deficient soft tissue.

Femoral peri-spacer fractures are a common finding 
when dealing with hip PJI, observed in 3.5% of the cases in 
the Literature, with a significantly higher incidence among 
standardized molded spacers. It should be noted that some 
predisposing factors may lead to a femoral fracture, includ-
ing osteoporosis, poor bone quality due to prior surgeries or 
to disuse of the affected limb, or bone defects resulting from 
prosthesis explantation. Moreover, some data suggest that 
the presence of an extended trochanteric osteotomy, which 
can be done to remove well-fixed implants, may significantly 
increase the risk of a peri-spacer fracture [7, 25].

Most of the femoral fractures generally occur at the time 
of implant removal and are not related to the use of a cement 
spacer. These fractures do not require immediate treatment 
and are usually managed at the second stage with the use of 
modular revision stems and cable wires [27]. However, the 
surgeon should be prepared for a possible femoral fracture 
or fissure at the time of reimplantation. Fractures can be 
bridged using a long-stem revision implant, with cerclage in 
two cases of oblique fracture. In the series by Faschingbauer 
et al. [15], one out of two peri-spacer fractures was managed 
operatively. Differently, none of the complications required 
surgery before the scheduled second stage in the series by 
Erivan et al. [14].
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Acetabular lysis or pelvic protrusion has been reported 
only by a few studies [2, 14–16, 18, 39, 42]. Moreover, most 
of them differently defined this complication. Cabrita et al. 
[2] observed a pelvic migration of the spacer and subse-
quent injury of the iliac vessels and death in one patient. 
Thus, they suggested not to place the spacer as a unipolar 
prosthesis in patients with acetabular bone weakness, par-
ticularly in obese and rheumatoid patients. In this case, they 
recommend the placement of a cement ball with antibiotics 
that fills the acetabular cavity and that articulates with the 
component implanted in the femoral region. Magnan et al. 
[18] observed that 3 out of 10 patients had a type IIA bone 
defect according to Paproski classification, presenting with 
generalized enlargement of the acetabulum and showing 
superomedial migration of the cup and metaphyseal femo-
ral bone loss [18].

Konstantinos et al. [53] identified factors for increased 
mechanical complications risk: patient non-compliance, 
badly tolerated partial weight-bearing, severe acetabular 
bone defect, and muscular insufficiency. They found that 
age emerged as an important risk factor, and the appropri-
ateness of using a spacer in elderly patients needs careful 
consideration. However, results from this review did not 
show any correlation between patients’ age and mechanical 
complications rate.

Unfortunately, the spacer persistence time was reported in 
only 28 studies and it was frequently reported as an interval 
rather than a mean value. This severely limits the strength of 
the conclusions obtainable from the analysis of this variable. 
Considering this limitation, no significant correlation was 
found between the spacer persistence time and the number of 
mechanical complications. Nonetheless, a strong trend has 
emerged as complications increase as a function of persis-
tence time, particularly for manually molded spacers. These 
data can be intuitively motivated and reinforce the principle 
of favoring the use of the spacer in cases for which there is 
a real expected benefit and for which a limited persistence 
over time is conceivable.

A major limitation must be acknowledged, as this review 
was limited to major databases. However, cross-reference 
search should have limited this bias. Moreover, some data 
were not reported or very heterogenous in some of the series 
included.

Spacer placement in chronic PJI of the hip with bone 
and soft-tissue defects is challenging and bears a high 
risk of mechanical failures and progressive bone loss dur-
ing the interim period. Moreover, the clinical superiority 
of the local antimicrobial therapy delivered by the spacer 
remains unclear, particularly in the presence of resistant 
pathogens [57]. A prolonged implantation period might 
actually endanger the outcome of the treatment, since sub-
therapeutic levels of antibiotics might be eluted from the 
spacer, and the antibiotic-impregnated cement itself provides 

an excellent environment for the development of resistant 
bacterial strains [58]. Unfortunately, spacer implantation 
period reported in the literature is very heterogeneous, thus 
making any analysis on the effect of spacer in situ time on 
mechanical complications impossible.

Current research shows that mortality after the first or 
second stage has previously been underestimated [20]. A 
non-spacer two-stage exchange is a viable option for manag-
ing chronically infected hip arthroplasties with severe bone 
loss or abductor deficiency. However, only one study has 
appeared that compared Girdlestone and spacer implanta-
tion in the two-stage protocol [2]. Nonetheless, a recent 
study reported encouraging results with a staged total hip 
arthroplasty protocol without spacer placement for destruc-
tive septic arthritis of the hip [59]. Therefore, a prospective 
study which directly compare hip two-stage procedures for 
hip PJI with or without a spacer is required.

Conclusion

This review highlights a high rate of mechanical compli-
cations with the use of hip spacers in the two-stage revi-
sion surgery, mostly with the implantation of standardized 
molded spacers.

A careful patient selection for spacer implantation is 
advisable, with possible restricted indications in patients 
who are at risk of infection persistence, as well as those unfit 
for a second surgery. In these patients, a Girdlestone proce-
dure at the time of prosthesis removal should be considered. 
Complications tend to increase as a function of the persis-
tence time of spacers, thus favoring the use of the spacer in 
cases for which there is a real expected benefit and for which 
a limited persistence over time is conceivable.

Funding  Open access funding provided by Alma Mater Studiorum - 
Università di Bologna within the CRUI-CARE Agreement.

Declarations 

Conflicts of interests  All the authors have no conflict of interests to 
declare.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

http://creativecommons.org/licenses/by/4.0/


2352	 Archives of Orthopaedic and Trauma Surgery (2023) 143:2341–2353

1 3

References

	 1.	 Zimmerli W, Trampuz A, Ochsner PE (2004) Prosthetic-joint 
infections. N Engl J Med 351(16):1645–1654

	 2.	 Cabrita HB, Croci AT, Camargo OP, Lima AL (2007) Prospec-
tive study of the treatment of infected hip arthroplasties with or 
without the use of an antibiotic-loaded cement spacer. Clinics 
(Sao Paulo) 62(2):99–108

	 3.	 Diamond OJ, Masri BA (2018) Articulating antibiotic impreg-
nated spacers in prosthetic joint infections: Where do we stand? 
Int J Surg 54(Pt B):345–350

	 4.	 Toulson C, Walcott-Sapp S, Hur J, Salvati E, Bostrom M, Brause 
B et al (2009) Treatment of infected total hip arthroplasty with 
a 2-stage reimplantation protocol: update on “our institution’s” 
experience from 1989 to 2003. J Arthroplasty 24(7):1051–1060

	 5.	 Fehring TK, Odum S, Calton TF, Mason JB (2000) Articulating 
versus static spacers in revision total knee arthroplasty for sepsis. 
The Ranawat Award. Clin Orthop Relat Res. 380:9–16

	 6.	 Lunz A, Omlor GW, Schmidt G, Moradi B, Lehner B, Streit MR 
(2021) Quality of life, infection control, and complication rates 
using a novel custom-made articulating hip spacer during two-
stage revision for periprosthetic joint infection. Arch Orthop 
Trauma Surg. https://​doi.​org/​10.​1007/​s00402-​021-​04274-4

	 7.	 Jones CW, Selemon N, Nocon A, Bostrom M, Westrich G, Sculco 
PK (2019) The influence of spacer design on the rate of com-
plications in two-stage revision hip arthroplasty. J Arthroplasty 
34(6):1201–1206

	 8.	 Sporer SM (2020) Spacer Design Options and Consideration for 
Periprosthetic Joint Infection. J Arthroplasty 35(3S):S31–S34

	 9.	 Romanò CL, Romanò D, Meani E, Logoluso N, Drago L (2011) 
Two-stage revision surgery with preformed spacers and cement-
less implants for septic hip arthritis: a prospective, non-rand-
omized cohort study. BMC Infect Dis 11:129

	10.	 Barrack RL (2002) Rush pin technique for temporary antibiotic-
impregnated cement prosthesis for infected total hip arthroplasty. 
J Arthroplasty 17(5):600–603

	11.	 Younger AS, Duncan CP, Masri BA, McGraw RW (1997) The 
outcome of two-stage arthroplasty using a custom-made interval 
spacer to treat the infected hip. J Arthroplasty 12(6):615–623

	12.	 Sandiford NA, Duncan CP, Garbuz DS, Masri BA (2015) Two-
stage management of the infected total hip arthroplasty. Hip Int 
25(4):308–315

	13.	 Chalmers BP, Mabry TM, Abdel MP, Berry DJ, Hanssen AD, 
Perry KI (2018) Two-stage revision total hip arthroplasty with 
a specific articulating antibiotic spacer design: reliable peripros-
thetic joint infection eradication and functional improvement. J 
Arthroplasty 33(12):3746–3753

	14.	 Erivan R, Lecointe T, Villatte G, Mulliez A, Descamps S, Bois-
gard S (2018) Complications with cement spacers in 2-stage treat-
ment of periprosthetic joint infection on total hip replacement. 
Orthop Traumatol Surg Res 104(3):333–339

	15.	 Faschingbauer M, Reichel H, Bieger R, Kappe T (2015) Mechani-
cal complications with one hundred and thirty eight (antibiotic-
laden) cement spacers in the treatment of periprosthetic infection 
after total hip arthroplasty. Int Orthop 39(5):989–994

	16.	 Leunig M, Chosa E, Speck M, Ganz R (1998) A cement spacer for 
two-stage revision of infected implants of the hip joint. Int Orthop 
22(4):209–214

	17.	 Jung J, Schmid NV, Kelm J, Schmitt E, Anagnostakos K (2009) 
Complications after spacer implantation in the treatment of hip 
joint infections. Int J Med Sci 6(5):265–273

	18.	 Magnan B, Regis D, Biscaglia R, Bartolozzi P (2001) Preformed 
acrylic bone cement spacer loaded with antibiotics: use of two-
stage procedure in 10 patients because of infected hips after total 
replacement. Acta Orthop Scand 72(6):591–594

	19.	 Bori G, García-Oltra E, Soriano A, Rios J, Gallart X, Garcia S 
(2014) Dislocation of preformed antibiotic-loaded cement spacers 
(Spacer-G): etiological factors and clinical prognosis. J Arthro-
plasty 29(5):883–888

	20.	 Berend KR, Lombardi AV, Morris MJ, Bergeson AG, Adams JB, 
Sneller MA (2013) Two-stage treatment of hip periprosthetic joint 
infection is associated with a high rate of infection control but 
high mortality. Clin Orthop Relat Res 471(2):510–518

	21.	 Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew 
M et al (2015) Preferred reporting items for systematic review and 
meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 
4:1

	22.	 Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mul-
row CD et al (2021) PRISMA 2020 explanation and elaboration: 
updated guidance and exemplars for reporting systematic reviews. 
BMJ. https://​doi.​org/​10.​1136/​bmj.​n160

	23.	 Buller LT, Ziemba-Davis M, Meneghini RM (2021) Complica-
tions and outcomes associated with a novel, prefabricated, articu-
lating spacer for two-stage periprosthetic joint infection treatment. 
J Arthroplasty 36(12):3979–3985

	24.	 Burastero G, Basso M, Carrega G, Cavagnaro L, Chiarlone F, 
Salomone C et al (2017) Acetabular spacers in 2-stage hip revi-
sion: is it worth it? A single-centre retrospective study. Hip Int 
27(2):187–192

	25.	 Lancaster AJ, Carlson VR, Pelt CE, Anderson LA, Peters CL, 
Gililland JM (2021) High rates of spacer fracture in the setting of 
extended trochanteric osteotomy with a specific thin-core articu-
lating antibiotic hip spacer. J Arthroplasty 36(6):2178–2183

	26.	 Molinas I, Garcia-Oltra E, Fernández-Valencia JA, Tomas X, Gal-
lart X, Riba J et al (2017) Relationship between femoral off-set 
and dislocation in preformed antibiotic-loaded cement spacers 
(Spacer-G®). Hip Int 27(5):494–499

	27.	 Pattyn C, De Geest T, Ackerman P, Audenaert E (2011) Preformed 
gentamicin spacers in two-stage revision hip arthroplasty: func-
tional results and complications. Int Orthop 35(10):1471–1476

	28.	 D’Angelo F, Negri L, Binda T, Zatti G, Cherubino P (2011) The 
use of a preformed spacer in two-stage revision of infected hip 
arthroplasties. Musculoskelet Surg 95(2):115–120

	29.	 Duncan CP, Beauchamp C (1993) A temporary antibiotic-loaded 
joint replacement system for management of complex infections 
involving the hip. Orthop Clin North Am 24(4):751–759

	30.	 Wentworth SJ, Masri BA, Duncan CP, Southworth CB (2002) Hip 
prosthesis of antibiotic-loaded acrylic cement for the treatment of 
infections following total hip arthroplasty. J Bone Joint Surg Am. 
84A:123–8

	31.	 Yang FS, Lu YD, Wu CT, Blevins K, Lee MS, Kuo FC (2019) 
Mechanical failure of articulating polymethylmethacrylate 
(PMMA) spacers in two-stage revision hip arthroplasty: the risk 
factors and the impact on interim function. BMC Musculoskelet 
Disord 20(1):372

	32.	 Zilkens KW, Casser HR, Ohnsorge J (1990) Treatment of an old 
infection in a total hip replacement with an interim spacer pros-
thesis. Arch Orthop Trauma Surg 109(2):94–96

	33.	 Ivarsson I, Wahlström O, Djerf K, Jacobsson SA (1994) Revision 
of infected hip replacement. Two-stage procedure with a tempo-
rary gentamicin spacer. Acta Orthop Scand. 65(1):7–8

	34.	 Koo KH, Yang JW, Cho SH, Song HR, Park HB, Ha YC et al 
(2001) Impregnation of vancomycin, gentamicin, and cefotaxime 
in a cement spacer for two-stage cementless reconstruction in 
infected total hip arthroplasty. J Arthroplasty 16(7):882–892

	35.	 Durbhakula SM, Czajka J, Fuchs MD, Uhl RL (2004) Spacer 
endoprosthesis for the treatment of infected total hip arthroplasty. 
J Arthroplasty 19(6):760–767

	36.	 Yamamoto K, Miyagawa N, Masaoka T, Katori Y, Shishido T, 
Imakiire A (2003) Clinical effectiveness of antibiotic-impregnated 

https://doi.org/10.1007/s00402-021-04274-4
https://doi.org/10.1136/bmj.n160


2353Archives of Orthopaedic and Trauma Surgery (2023) 143:2341–2353	

1 3

cement spacers for the treatment of infected implants of the hip 
joint. J Orthop Sci 8(6):823–828

	37.	 Cai YQ, Fang XY, Huang CY, Li ZM, Huang ZD, Zhang CF et al 
(2021) Destination joint spacers: a similar infection-relief rate 
but higher complication rate compared with two-stage revision. 
Orthop Surg 13(3):884–891

	38.	 Hsieh PH, Shih CH, Chang YH, Lee MS, Shih HN, Yang WE 
(2004) Two-stage revision hip arthroplasty for infection: compari-
son between the interim use of antibiotic-loaded cement beads and 
a spacer prosthesis. J Bone Joint Surg Am 86(9):1989–1997

	39.	 Petis SM, Perry KI, Pagnano MW, Berry DJ, Hanssen AD, Abdel 
MP (2017) Retained antibiotic spacers after total hip and knee 
arthroplasty resections: high complication rates. J Arthroplasty 
32(11):3510–3518

	40.	 Pizzo RA, Patel JN, Viola A, Keller DM, Yoon RS, Liporace FA 
(2020) Reducing dislocations of antibiotic hip spacers via hybrid 
cement-screw constrained liner fixation: a case series. Hip Pelvis 
32(4):207–213

	41.	 Shin SS, Della Valle CJ, Ong BC, Meere PA (2002) A simple 
method for construction of an articulating antibiotic-loaded 
cement spacer. J Arthroplasty 17(6):785–787

	42.	 Zhang W, Fang X, Shi T, Cai Y, Huang Z, Zhang C et al (2020) 
Cemented prosthesis as spacer for two-stage revision of infected 
hip prostheses: a similar infection remission rate and a lower com-
plication rate. Bone Joint Res 9(8):484–492

	43.	 Abendschein W (1992) Salvage of infected total hip replacement: 
use of antibiotic/PMMA spacer. Orthopedics 15(2):228–229

	44.	 Takahira N, Itoman M, Higashi K, Uchiyama K, Miyabe M, 
Naruse K (2003) Treatment outcome of two-stage revision total 
hip arthroplasty for infected hip arthroplasty using antibiotic-
impregnated cement spacer. J Orthop Sci 8(1):26–31

	45.	 Fink B, Grossmann A, Fuerst M, Schäfer P, Frommelt L (2009) 
Two-stage cementless revision of infected hip endoprostheses. 
Clin Orthop Relat Res 467(7):1848–1858

	46.	 Deshmukh RG, Thevarajan K, Kok CS, Sivapathasundaram N, 
George SV (1998) An intramedullary cement spacer in total hip 
arthroplasty. J Arthroplasty 13(2):197–199

	47.	 McGrory BJ, Shinnick J, Ruterbories J (2002) A simple method 
of intra-articular antibiotic delivery in infected hip arthroplasty. 
Am J Orthop (Belle Mead NJ). 31(5):250–294

	48.	 Isiklar ZU, Demirörs H, Akpinar S, Tandogan RN, Alparslan M 
(1999) Two-stage treatment of chronic staphylococcal orthopaedic 
implant-related infections using vancomycin impregnated PMMA 
spacer and rifampin containing antibiotic protocol. Bull Hosp Jt 
Dis 58(2):79–85

	49.	 Jahoda D, Sosna A, Landor I, Vavrík P, Pokorný D, Hudec T 
(2003) Two-stage reimplantation using spacers–the method of 

choice in treatment of hip joint prosthesis-related infections. Com-
parison with methods used from 1979 to 1998. Acta Chir Orthop 
Traumatol Cech. 70(1):17–24

	50.	 Kraay MJ, Goldberg VM, Figgie HE (1992) Use of an antibi-
otic impregnated polymethyl methacrylate intramedullary spacer 
for complicated revision total hip arthroplasty. J Arthroplasty 
7(Suppl):397–402

	51.	 Morimoto S, Futani H, Ogura H, Okayama A, Maruo S (2003) 
Successful reimplantation of total femoral prosthesis after deep 
infection. J Arthroplasty 18(2):216–220

	52.	 Li GZ, Okada T, Kim YM, Agaram NP, Sanchez-Vega F, Shen Y 
et al (2020) Rb and p53-deficient myxofibrosarcoma and undiffer-
entiated pleomorphic sarcoma require Skp2 for survival. Cancer 
Res 80(12):2461–2471

	53.	 Anagnostakos K, Fürst O, Kelm J (2006) Antibiotic-impregnated 
PMMA hip spacers: current status. Acta Orthop 77(4):628–637

	54.	 Anagnostakos K, Furst O, Kelm J (2006) Antibiotic-impregnated 
PMMA hip spacers: current status. Acta Orthop 77(4):628–637

	55.	 Thaler M, Lechner R, Dammerer D, Leitner H, Khosravi I, Nogler 
M (2020) The direct anterior approach: treating periprosthetic 
joint infection of the hip using two-stage revision arthroplasty. 
Arch Orthop Trauma Surg 140(2):255–262

	56.	 Schoellner C, Fuerderer S, Rompe JD, Eckardt A (2003) Indi-
vidual bone cement spacers (IBCS) for septic hip revision-pre-
liminary report. Arch Orthop Trauma Surg 123(5):254–259

	57.	 Hipfl C, Carganico T, Leopold V, Perka C, Müller M, Hardt S 
(2021) Two-stage revision total hip arthroplasty without spacer 
placement: a viable option to manage infection in patients 
with severe bone loss or abductor deficiency. J Arthroplasty 
36(7):2575–2585

	58.	 Thomes B, Murray P, Bouchier-Hayes D (2002) Development of 
resistant strains of Staphylococcus epidermidis on gentamicin-
loaded bone cement in vivo. J Bone Joint Surg Br 84(5):758–760

	59.	 Hipfl C, Karczewski D, Oronowicz J, Pumberger M, Perka C, 
Hardt S (2021) Total hip arthroplasty for destructive septic 
arthritis of the hip using a two-stage protocol without spacer 
placement. Arch Orthop Trauma Surg. https://​doi.​org/​10.​1007/​
s00402-​021-​03981-2

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00402-021-03981-2
https://doi.org/10.1007/s00402-021-03981-2

	Mechanical complications of hip spacers: a systematic review of the literature
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References




