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Abstract
Introduction  Two-stage revision remains the gold standard treatment for most chronically infected and complex total hip 
arthroplasty infections. To improve patient outcome and reduce complication rates, we have developed a novel custom-made 
articulating hip spacer technique and present our short-term results.
Materials and methods  Between November 2017 and November 2019, 27 patients (mean age 70 years) underwent two-stage 
revision for periprosthetic joint infection of the hip using the articulating spacer design described here. We retrospectively 
analyzed spacer-related complications as well as rates for complication, infection control, and implant survivorship after 
final reimplantation. Furthermore, we prospectively collected patient-reported health-related quality of life (HRQoL) scores 
prior to spacer implantation, with the spacer and after reimplantation of the new prosthesis.
Results  An additional round of spacer exchange was performed in two patients (8.3%), persistent wound discharge was the 
reason in both cases. We had one (4.2%) spacer-related mechanical complication, a dislocation that was treated with closed 
reduction. After reimplantation, infection control was achieved in 96% with an implant survivorship of 92% after a mean 
follow-up time of 19 (range 7–32, SD 7.2) months. While the scores for VR-12 MCS, VAS hip pain and patient-reported 
overall satisfaction significantly improved after first stage surgery, the scores for WOMAC, UCLA and VR-12 PCS signifi-
cantly improved after second stage surgery.
Conclusions  Our two-stage approach for periprosthetic joint infection shows high infection eradication and implant survi-
vorship rates at short-term follow-up. Spacer-related complication rates were low, and we achieved high patient satisfaction 
rates and low pain levels already during the spacer period. To further simplify comparison between different spacer designs, 
we propose a new hip spacer classification system.

Keywords  Two-stage revision · Periprosthetic joint infection · Antibiotic-loaded cement spacer · Articulating spacer · 
Metal-on-cement · Quality of life

Introduction

Total hip replacement is one of the most successful pro-
cedures in orthopedic surgery, and an exponential rise in 
numbers of hip arthroplasty procedures is noted in a fur-
ther ageing population. Subsequently, even a relatively 
low rate of periprosthetic joint infections (PJI) of 0.5–2% 
constitutes a major concern and burden to healthcare sys-
tems [1–3]. In case of an acute PJI, when the biofilm is 
still immature, an attempt to retain implants by perform-
ing surgical debridement with exchange of modular parts 
(DAIR) and avoid major revision surgery is often conducted. 
Nevertheless, approximately 30% of these patients will sub-
sequently require revision surgery with implant exchange 
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[4–6]. In chronic PJIs, when certain requirements are given 
and patients are carefully selected, one-stage revision has 
recently shown good clinical results with numerous advan-
tages for the patient and healthcare system [7–9]. However, 
two-stage revision remains the “gold standard” treatment 
for most chronically infected and complex total hip arthro-
plasty infections with successful eradication rates up to 
90% [10–14]. Mobile spacers, which create an articulation 
between the femur and acetabulum, have shown to success-
fully overcome well known disadvantages like periarticu-
lar scarring, soft tissue contractures, limb shortening, bone 
loss, and low functional results of Girdlestone hips and static 
spacers [10, 15–17]. To minimize the risk of acetabular bone 
wear, dislocation, spacer fracture and persistent infection, we 
have developed a custom-made antibiotic-loaded articulating 
hip spacer with a standard femoral stem endoskeleton and a 
polyethylene-free metal-on-cement articulation [18–20] and 
present our preliminary results in the setting of chronic PJI. 
Our study hypothesis was that the use of our spacer design 
reduces complication rates while improving infection con-
trol and patient satisfaction. The aims of our study were 
therefore to investigate (1) spacer-related complications, 
(2) infection control, implant survivorship, and complica-
tion rates after final reimplantation and (3) patient-reported 
health-related quality of life (HRQoL) based on standardized 
patient-reported outcome measurements (PROMs) for three 
points in time: prior to explantation, prior to reimplanta-
tion with spacer in situ, and after reimplantation of the new 
prosthesis.

Materials and methods

Patient selection and study summary

Approval was obtained from the local Medical Ethics Com-
mittee (S-449/2020). To gain a homogenous patient cohort 
we excluded PJIs of megaprostheses and hemiarthroplas-
ties. Patients were prospectively included in our institutional 
arthroplasty registry, and we retrospectively reviewed a 

consecutive series of 27 cases treated with the articulating 
hip spacer technique described here between November 
2017 and November 2019. All included patients were diag-
nosed with chronic PJI according either to the Musculoskel-
etal Infection Society [21] or the International Consensus 
Meeting [22] and underwent a two-stage revision using our 
custom-made articulating hip spacer with a metal-on-cement 
articulation for the interim period. Both, stage one- and 
stage-two surgery were performed by specialized surgeons 
at our certified trans-regional joint arthroplasty center.

Surgical technique, interim period, 
and postoperative course after reimplantation

Our approach for two-stage revision in the setting of chronic 
or complex periprosthetic joint infections is described in 
Fig. 1. Representative radiographic images are provided in 
Fig. 2, showing two patients prior to explantation, with the 
spacer, and after reimplantation of the new prosthesis.

First‑stage surgery

All surgeries were performed through a modified direct 
lateral approach. First, diagnosis of a septic PJI is con-
firmed intraoperatively. Then, numerous tissue samples 
are taken for microbiological and histological examina-
tion while radical debridement and removal of all foreign 
material is performed. Then, the custom-made acetabular 
socket is formed by hand out of 40–80 g of antibiotic-
loaded PMMA cement (Palacos R + G cement, Heraeus, 
Hanau, Germany). When possible, an additional antibio-
gram-specific antibiotic is added to the PMMA (3 g Van-
comycin powder per 40 g of cement in most cases) and 
put as dough into the acetabular groove. Before PMMA 
polymerization has occurred an articulation groove is 
formed in the middle of the acetabular spacer using a 
plunger with a slightly larger head diameter (+ 4 mm) than 
the planned femoral head. To form a smooth groove, the 
plunger is continuously rotated and moved until PMMA 
polymerization has finished and the acetabular component 

Fig. 1   Our interdisciplinary approach for two-stage revision sur-
gery in the setting of chronic PJI. Diagnosis was based on a variety 
of parameters, including clinical presentation, radiological work-up, 
laboratory workup, synovial analysis, and microbiological results 

after prolonged incubation of 2 weeks. Neither antibiotic holidays nor 
arthrocentesis were performed prior to reimplantation at second-stage 
surgery. Thorough debridement, the key element to overcome infec-
tion, was performed at both stages
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is fixed. Cup orientation is aimed at an inclination angle 
of 45° and anteversion angle of 15°. Then the preparation 
of the femoral component is performed by wrapping the 
femoral stem (Weber Stem CS/CM/SM, Zimmer, War-
saw, IN, USA) in custom-made antibiotic-loaded cement 
(as described above). To facilitate explantation at second 
stage surgery, no cement is applied around the tip of the 
femoral stem. To avoid cement penetration into the bone 
for a strong fixation, the stem is continuously moved a 
few millimeters back and forwards until PMMA polym-
erization has completed. From our experience, this “delib-
erately loose cementation technique” provides sufficient 
stability while allowing easy removal without sacrific-
ing bone stock during second-stage surgery. After both 
spacer components are in place, a metal head (28 mm- or 
32 mm, S-2XL, DePuy Synthes, West Chester, PA, USA) 
is connected to the femoral stem, and reduction maneuver 
is carefully performed. An illustration of our spacer tech-
nique is given in Figs. 3 and 4.

First-stage surgery is finished with the insertion of a 
closed-suction drain (CSD) into the joint and closing the 
wound in common technique. Lastly retrograde application 
of 2 g vancomycin powder mixed with 2 g tranexamic acid 
is performed via the CSD.

Interim period

All patients were advised to perform partial weight-bearing 
to prevent spacer-related mechanical complications during 
the interim period.

If the causative agent was known preoperatively, a tar-
geted intravenous antibiotic therapy was started immediately 
after all samples were taken. Otherwise, empirical, broad-
spectrum intravenous antibiotic therapy was administered 
and de-escalation to a targeted therapy was performed as 
soon as microbiological results were available. In all cases 
intravenous antibiotic therapy was continued for a total time 
of 7–14 days before being switched to an oral substance with 
good bone penetration.

In complex cases, with prolonged wound drainage or 
persistent signs of infection, a multi-stage procedure with 
an additional exchange of the spacer is sometimes required. 
Biofilm-active antibiotics, like rifampicin, were not used in 
the presence of a spacer [23]. In accordance with recent pub-
lications, antibiotic-free intervals or an arthrocentesis were 
not routinely performed prior to reimplantation [24–26]. 
Reimplantation was only planned if eradication of the infec-
tion was suggested by clinical parameters and laboratory 
results, most importantly a low to normal CRP-level.

Fig. 2   Representative radiographic images of two patients (a–c and 
d–f). From left to right, X-rays are provided of the same patient prior 
to explantation, with the articulating spacer in-situ, and after reim-
plantation of the new prosthesis. In both cases cement-free fixation 
was performed using a straight femoral stem (CLS Spotorno, Zim-

mer) and a press-fit acetabular cup (Allofit, Zimmer). If poor bone-
stock was assumed intraoperatively a femoral cerclage (Cable-Ready, 
Zimmer) was used (c) before final implantation of the femoral stem to 
minimize the risk for an intraoperative femoral fracture
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Fig. 3   Illustration of our articulating hip spacer technique. a Situs 
after infected prosthesis is removed and radical debridement is per-
formed. b Custom-made acetabular socket is formed from antibiotic-
loaded bone cement and its implantation is performed. c Next, the 
femoral stem is wrapped with custom-made antibiotic-loaded bone 
cement and inserted into the proximal femur. To facilitate explanta-
tion at second-stage surgery, no cement is applied around the tip 

of the femoral stem. d After both spacer components (acetabular 
PMMA cup and PMMA-wrapped femoral stem) are in place, e the 
trial femoral head (size S-XL) is connected with the femoral stem, 
and a trial reduction maneuver is carefully performed. Clinical exami-
nation for stability, dislocation safety, and free range of motion is per-
formed and the final femoral head size is chosen. f After final reduc-
tion, spacer implantation is completed

Fig. 4   a We used an unsophisticated anatomically shaped femoral 
stem (Weber, Zimmer), b that was wrapped with antibiotic-loaded 
bone cement. To facilitate explantation at second-stage surgery the tip 
of the femoral stem was left free of any cement. c Our custom-med 

hip spacer consists of a hand-made acetabular cup formed out of anti-
biotic-loaded bone cement that is articulating with a metal femoral 
head (28–32  mm, S-XL, DePuy Synthes) connected with a femoral 
stem wrapped with antibiotic-loaded bone cement



4045Archives of Orthopaedic and Trauma Surgery (2022) 142:4041–4054	

1 3

Second‑stage surgery

All surgeries are performed using the same approach and 
care as described above (see chapter “first-stage surgery”). 
After extensive irrigation and final verification that all for-
eign, infected, sclerotic, or necrotic tissue has been removed, 
reimplantation of a new standard hip prosthesis (e.g., CLS 
Spotorno stem and Allofit acetabular cup (Zimmer Inc., 
Warsaw, IN, USA) is conducted. We generally prefer a 
cement-free press-fit fixation if the bone stock is adequate 
for cementless fixation.

Postoperative course after reimplantation

Antibiotic therapy was performed as described above (see 
chapter “interim period”), with the exception that now the 
application of a biofilm-active drug such as rifampicin or 
ciprofloxacin is of upmost importance to protect the new 
prosthesis [23, 27, 28]. All patients were regularly monitored 
with laboratory and clinical examinations and discharged 
after wound healing has occurred and antibiotics were 
switched to an oral application.

Outcome parameters

Our primary outcome measures were infection control, 
implant survivorship, and complication rates after reimplan-
tation of the new prosthesis.

Our secondary outcome measures were patient-reported 
health-related quality of life (HRQoL) scores. We therefore 
collected and analyzed the following patient-reported out-
come questionnaires (PROMs): Veterans RAND 12-Item 
Health Survey (VR-12) [29], Western Ontario and McMas-
ter Universities Arthritis Index (WOMAC) [30], University 
of California at Los Angeles Activity Score (UCLA) [31], 
visual analog scale (VAS) for hip pain [32] and grading for 
patient satisfaction. All patients were asked to participate 
in the described PROMs at three different points in time: 
shortly prior to explantation, during the spacer period, and 
after final reimplantation.

Statistical analysis

Descriptive statistics are presented as numbers of occur-
rence, percentage or arithmetic mean, and standard devia-
tion (SD). Visualization was performed using boxplots and 
diagrams. The Friedman Test was used to compare the 
collected patient-reported outcome questionnaires prior 
to explantation, with the spacer, and after reimplantation. 
Kaplan–Meier survival analysis was used to estimate final 
implant revision rates. The level of significance was set 

at p < 0.05 for all statistical tests. The statistical analyses 
were performed using SPSS software (version 25.0; SPSS 
Inc, Chicago, IL, USA).

Results

During the 2-year period (11/2017–11/2019), 27 patients 
were treated with our custom-made articulating hip-
spacer technique in the setting of PJI of the hip. Of the 27 
patients, 17 were men (63%) and a total of 3 patients (11%) 
had a prior history of revision surgery. One patient died 
before reimplantation from end-stage liver disease and 
was excluded from the analysis. Furthermore, two patients 
were excluded as they did not meet our inclusion criteria. 
One of them developed a PJI after proximal femur replace-
ment (MUTARS megaprosthesis) in the setting of osteo-
sarcoma of the proximal femur. He underwent successful 
two-stage revision without complications. The other one 
developed a PJI after implantation of hemiarthroplasty in 
the setting of traumatic femoral neck fracture. This patient 
decided to not proceed to second-stage surgery and contin-
ued his life with the spacer. Finally, a total of 24 patients 
were included while 20 (83.3%) patients had completed 
all questionnaires correctly and were included for final 
HRQoL analysis. A flowchart is given in Fig. 5.

Fig. 5   THAs treated for PJI in our department from 11/2017 to 
11/2019
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Microbiology

No microorganisms were found in 4 (16.7%) cases before 
or during first-stage surgery. In these cases, diagnosis was 
based on clinical presentation, laboratory work-up, includ-
ing synovial analysis, and intraoperative findings. A total 
of 3 (12.5%) patients had positive microbiological results 
(Staphylococcus epidermidis) during second-stage surgery. 
Nevertheless, infection control was achieved in all 3 cases 
without requiring further surgery until latest follow-up. A 
summary of the microbiological results at first- and sec-
ond-stage surgery is given in Table 1 and Fig. 6.

Complications, infection control, 
and implant survivorship

The average age at first-stage surgery was 70 years (range 
53.6–83.7; SD 9), and the mean American Society of 
Anesthesiologists Score (ASA) was 2.6 (range 2–3).

The overall mechanical spacer-related complication 
rate was 4.2% with one case of spacer dislocation which 
was treated with closed reduction. An additional round of 
spacer exchange had to be performed in 2 (8.3%) patients 
(three-stage revision surgery) for persistent wound drain-
age, before they proceeded to reimplantation. There were 
no other revisions or complications during the spacer 
period.

We found an implant survivorship of 91.7% with 
implant revision for any reason as its endpoint at final 
follow-up. Figure 7 shows the implant survivorship curve 
(Kaplan–Meier) with implant revision for any reason as 
its endpoint. We had one case of early loosening of an 
uncemented femoral stem. Intraoperatively a persistent 
infection was evident and another round of two-stage revi-
sion was performed before infection control was finally 
achieved. Furthermore, we had one case of periprosthetic 
femur fracture after a low-impact fall, which was treated 
by open reduction and internal fixation and implant reten-
tion. Also, three cases of dislocation had occurred; two 
were successfully treated with closed reduction, while 
one patient underwent replacement of the acetabular cup 
due to recurrent dislocations. Finally, we had one case of 
postoperative peroneal nerve palsy, most likely due to trac-
tion trauma during second-stage surgery, which showed 
almost a full recovery (strength level of 4/5) at our lat-
est follow-up. Table 2 summarizes all complications. The 
mean follow-up time was 19 (range 7–32, SD 7.2) months 
after reimplantation.

The final reimplantation rate was 96% with a mean 
interim period of 90 days (median 84, range 17–253, SD 
48.9). Infection control as defined by the Delphi criteria 
[33] was achieved in 23 out of 24 (95.8%) patients. One 
patient was diagnosed with recurrent PJI during re-revi-
sion surgery because of early loosening of the femoral 
stem (see above). Cement-free fixation at reimplantation 
was achieved in 14 (58.3%) patients. 6 (25%) patients 
received a “hybrid” fixation with cementation of the stem 
and a press-fit fixation of the acetabular cup. 4 (16.7%) 
patients received cementation of the stem and acetabular 
cup; a summary is given in Table 3. Full-weight bearing 
was allowed in 9 (37.5%) patients immediately after sec-
ond-stage surgery; 15 (62.5%) patients were recommended 
to do partial-weight bearing for 6 weeks. At our latest 
follow-up, mean range-of-motion of the operated hip was 
100/0/0° (range 80–130/0/0°) for hip flexion/extension.

Table 1   Microorganisms cultured at first- and second-stage surgery

Causative microorganisms First-stage Second-
stage

Culture negative 4 (16.7%) 21 (87.5%)
Single organisms 17 (70.8%) 3 (12.5%)
   Staph. epidermidis 5 (20.8%) 3 (12.5%)
   Staph. capitis 2 (8.3%)
   Staph. lugdunensis 3 (12.5%)
   Staph. aureus 4 (16.7%)
   Cutibacterium acnes 2 (8.3%)
   Bacillus sp. 1 (4.2%)

Polymicrobial 3 (12.5%)
   Cutibacterium acnes 1 (4.2%)
   Cutibacterium avidum 2 (8.3%)
   Staph. epidermidis 2 (8.3%)
   Staph. capitis 1 (4.2%)

Total 24 24

Fig. 6   Microorganisms cultured at first-stage surgery
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Patient‑reported health‑related quality 
of life (HRQoL)

In Table 4 and Fig. 8, the HRQoL scores are summarized 
and visualized for the three points in time. 

The mean WOMAC score (for better comparison with 
other studies, the WOMAC score was converted to a 
100-point-scale, 0 being poor and 100 being the best pos-
sible outcome) improved from 35 (range 2–96; SD 27.5) 
shortly prior to first-stage surgery, to 54 (range 24–93; SD 
22.9) during the interim period (p = 0.12), to 75 (range 
48–93; SD 17.1) after final reimplantation (p = 0.008).

The UCLA activity score did not change after first-stage 
surgery with a mean of 2.6 (range 1–6; SD 1.4) and 2.6 
(range 1–4; SD 1.1), respectively. But it improved signifi-
cantly to a mean of 5.7 (range 3–8; SD 1.6) (p = 0.001) after 
reimplantation of the new prosthesis.

VR-12 comprises two components, the physical com-
ponent score (PCS-12) and the mental component score 
(MCS-12). The PCS-12 did not change after first-stage sur-
gery with a mean of 26 (range 15–49; SD 8.8) and 26 (range 
16–42; SD 7.7), respectively. But it improved significantly 
after reimplantation of the new prosthesis to a mean of 42 
(range 18–61; SD 13) (p = 0.002). The MCS-12 improved 
significantly from 37 (range 27–51; SD 5.7) prior to explan-
tation to 43 (range 31–61; SD 7.3) during the spacer period 
(p = 0.017), without a further improvement after second-
stage surgery with 43 (range 34–51; SD 4.9).

The VAS for hip pain improved from a mean of 6.5 (range 
0–10; SD 2.9) before explantation to 2.3 (range 0–7; SD 2) 
during the spacer period (p = 0.002), to 1.5 (range 0–6; SD 
1.8) after reimplantation of the new prosthesis (p = 0.62).

Fig. 7   This graph shows the 
implant survivorship curve 
(Kaplan–Meier) with implant 
revision for any reason as its 
end point

Table 2   Spacer-related 
complications and 
complications after 
reimplantation of new 
prosthesis

Complications Spacer period After reimplantation of new pros-
thesis

Occurrence Requiring unplanned 
spacer revision

Occurrence Requiring 
unplanned implant 
revision

Dislocation 1 (4.2%) 0 3 (12.5%) 1 (4.2%)
Periprosthetic fracture 0 1 (4.2%) 0
Implant revision for persis-

tent wound drainage
2 (8.3%) 2 (8.3%) 0

Recurrent infection 0 1 (4.2%) 1 (4.2%)
Nerve damage 0 1 (4.2%) 0
Total 3 (12.5%) 2 (8.3%) 6 (25%) 2 (8.3%)

Table 3   Fixation of implants at second-stage surgery

Type of implant and fixation Femoral stem Acetabular cup

Cementation 10 (41.7%) 4 (16.7%)
Press-fit/cement-free 14 (58.3%) 20 (83.3%)
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The grading system (1 = extremely pleased, 2 = very 
pleased, 3 = pleased, 4 = disappointed, 5 = extremely dis-
appointed) for overall patient satisfaction improved sig-
nificantly from a mean of 4.4 (range 1–5; SD 1) prior to 
explantation to 2.9 (range 1–4; SD 0.7) during spacer period 
(p = 0.01) to 2.1 (range 1–3; SD 0.8) after reimplantation of 
the new prosthesis (p = 0.043).

Discussion

Two-stage revision remains the “gold standard” treatment 
for most chronically infected and complex total hip arthro-
plasty infections [10–14]. In the setting of two-stage revision 
a broad variety of different static and articulating spacers has 
been described in the literature [34]. To simplify comparison 
between different spacer designs, we suggest establishing a 
new “hip spacer classification system” (HSCS) and therefore 
have introduced our proposal in Table 5 and Fig. 9. This 
easy-to-comprehend classification system gives the reader 
an overview of the various spacer types and classifies them 
in four main categories. Its aim is to help the clinician to 
compare and discuss results of different spacer systems.

Infection control, complication rates, 
and implant survivorship

Yang et al. [28] described the results of 31 patients who 
were treated with a molded articulating PMMA hip spacer 
(HSCS 3B) and had an overall spacer complication rate of 
64.4%. This high spacer complication rate makes molded 
articulating cement hip spacers an unpopular choice. The 
PROSTALAC system (Depuy, Warsaw, Indiana) [35] is a 
commercially available articulating spacer system (HSCS 
3A) created from specialized metal and plastic components 

coated in antibiotic-loaded cement. The availability of this 
device is limited, the costs high, and at present it is not 
approved for use in the European Union. This prompted the 
development of various custom-made articulating spacers. 
Tsung et al. [36] published the results of 76 patients treated 
with the CUMARS technique (HSCS 3C), which is similar 
to the PROSTALAC system and consists of a regular poly-
ethylene acetabular liner cemented into the acetabulum and 
a regular femoral stem fixed with antibiotic-loaded acrylic 
cement. The overall spacer complication rate was 22.4% 
with almost half of the complications being spacer dislo-
cations. To further improve this technique and reduce the 
dislocation rate, Lausmann et al. [37] introduced the ENDO-
spacer (HSCS 3C) using a dual mobility polyethylene liner 
instead of a regular polyethylene liner. The overall spacer 
complication rate was reduced to 16.7% with a total of 6.7% 
dislocations. Despite this improvement, our experience 
shows that there is no need of any polyethylene liner in the 
setting of a hip spacer as they did not provide lower disloca-
tion rates compared to our polyethylene-free design (10.5% 
and 6.7% vs. 4.2%, respectively).

Faschingbauer et al. [38] and Jung et al. [39] published 
their results using a Hemi-Spacer design (HSCS 2B/2C and 
2B, respectively) in 128 and 82 patients, respectively. The 
overall spacer complication rates were 19.6% and 48.8%, 
respectively. Infection control rates after reimplantation 
were not provided. Jones et al. [40] analyzed the influence 
of different Hemi-Spacer designs (HSCS 2 A/B/C) in a total 
of 155 patients on the rate of spacer complications (over-
all complication rate was 26%) and concluded that opti-
mal restoration of offset and leg length and not a specific 
design is associated with mechanical complications such 
as dislocation or fracture. The Hemi-Spacer (HSCS 2) has 
the advantage of a less demanding surgical technique and 
potentially lower costs. However, the subjective pain level 
may be elevated because of the bone–cement or bone–metal 

Table 4   Patient-reported 
health-related quality of life 
(HRQoL) scores shortly prior 
to explantation, during spacer 
period, and after reimplantation 
of new prosthesis

A pairwise analysis was conducted; the level of significance was set at p < 0.05 and is marked with * and 
written in bold letters. For better comparison with other studies, the WOMAC score was converted to a 
100-point-scale with “0 being poor and 100 being the best possible outcome.” The Visual Analog Scale 
(VAS) for hip pain was recorded on a 0 to 10 scale with “0 = no pain” and “10 = worst pain”. The Grading 
for patient overall satisfaction was recorded on a 1 to 5 scale with “1 = extremely pleased, 2 = very pleased, 
3 = pleased, 4 = disappointed, 5 = extremely disappointed”

Questionnaire 1. Prior to explantation 2. Prior to reimplantation 
with spacer in-situ

3. After reim-
plantation at final 
follow-up

WOMAC 35 (SD 27.5) 54 (SD 22.9) 75* (SD 17.1)
UCLA 2.6 (SD 1.4) 2.6 (SD 1.1) 5.7* (SD 1.6)
VR-12 (PCS) 26 (SD 8.8) 26 (SD 7.7) 42* (SD 13)
VR-12 (MCS) 37 (SD 5.7) 43* (SD 7.3) 43 (* to 1.) (SD 4.9)
VAS hip pain 6.5 (SD 2.9) 2.3* (SD 2) 1.5 (* to 1.) (SD 1.8)
Grading patient 

satisfaction
4.4 (SD 1) 2.9* (SD 0.7) 2.1* (SD 0.8)
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Fig. 8   Box plots are presenting patient-reported health-related quality 
of life (HRQoL) scores for a WOMAC, b UCLA, c VAS for hip pain, 
d VR-12 PCS (physical component score), e VR-12 MCS (mental 

component score) and f grading for overall patient satisfaction for the 
three points in time (shortly prior to explantation, prior to reimplanta-
tion with spacer in situ, and after reimplantation of new prosthesis)

Table 5   Introduction of a new 
hip spacer classification system 
(HSCS)

Types 2 and 3 are mobile spacers and can be further categorized as either A = commercially available pre-
formed components, B = commercially available molds, or C = custom-made

Type Explanation

RA Resection arthroplasty No articulation (Girdlestone hip)
1 Static spacer PMMA cement cap implantation, either femoral or femoral + acetabular
2 Hemi-spacer Comparable to a fixed-head hemiarthroplasty without implantation of 

an acetabular cap
3 Articulating spacer Comparable to a total hip arthroplasty, articulation within the spacer
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articulation. Furthermore, its hemi-articulation leads to 
acetabular bone wear and therefore can result in increased 
acetabular bone stock loss.

Our custom-made articulating spacer design (HSCS 
3C) allows for optimal reconstruction of the hip anatomy, 
including balanced leg length and optimal offset restoration, 
with a polyethylene-free design. In our cohort we only had 
one (4.2%) spacer dislocation that was successfully treated 
with closed reduction. The use of a “deliberately loosely 
cemented” stem reduces the risk for periprosthetic fracture 
or fracture of the spacer, while enabling an easy removal at 
second-stage surgery. In our series, we had no periprosthetic 
fractures or fractures of the spacer. Recently published prior 
studies [18, 35–41] showed significantly higher dislocation 
and fracture rates with 4–19% and 7–14%, respectively. A 
summary of recently published literature concerning spacer-
related complications using mobile spacer designs is given 
in Table 6.

Infection control according to Delphi criteria [33] was 
achieved in 95.8% after a mean follow-up time of 19 (range 
7–32, SD 7.2) months, which is superior to most reported 
rates from previous series [18, 35, 36, 39, 41]. Only one 
patient (4.2%) required another two-staged revision for 
persistent PJI. But our follow-up time was significantly 

shorter than in most other series. Nevertheless, persis-
tent PJI is usually diagnosed during the first 12 months 
after surgery. In our opinion the mean follow-up time of 
19 months is, therefore, sufficient to give an adequate 
short-time follow-up impression of the here described 
technique.

If no microorganisms were found before or during first-
stage surgery, complication rates were 50% (2/4) in our 
cohort with one patient undergoing another course two-stage 
revision for persistent PJI and another patient undergoing an 
additional round of spacer exchange for persistent wound 
drainage. In our opinion, this underlines the importance of 
an adequate and accurate diagnostic workup to be able to 
perform a targeted antibiotic therapy after first-stage surgery.

In our cohort, implant survivorship was 91.7% after a 
mean follow-up time of 19 months. Aseptic revision rate 
after reimplantation was 4.2% with one case of recurrent 
dislocation that subsequently underwent exchange of the 
acetabular cup. We had no cases of aseptic loosening, but a 
further follow-up needs to confirm these preliminary short-
term results, especially for the cemented implants. Recent 
studies by Chalmers et al. [35] and Tsung et al. [36] found 
aseptic loosening rates of 10% and 13% at 5 and 6.7 years, 
respectively. A summary of literature concerning infection 

Fig. 9   Introduction of a new 
hip spacer classification system 
(HSCS). Types 2 and 3 are 
mobile spacers and can be 
further categorized as either 
A = commercially available pre-
formed components, B = com-
mercially available molds, or 
C = custom-made

Table 6   Recently published literature concerning spacer-related complications using mobile spacers (HSCS 2 and 3)

a Review, bcurrent study, d days, – no information provided, HSCS Hip Spacer Classification System (RA resection arthroplasty, 1 static spacer, 2 
hemi-spacer, 3 articulating spacer; A preformed, B molded, C custom-made)

Author Year HSCS N Spacer period Overall com-
plications

Revision Dislocation Fracture Drainage/
persistent 
infection

Matar [41] 2019 – 29 105 d 13.8% – 3.4% – 10.4%
Jonesa [40] 2019 2A/B/C 155 – 26% – 9% 15% 4%
Jung [39] 2009 2B 82 90 d 49.8% 14.1% 17% 23.8% 9%
Fasching-bauer [38] 2015 2B/C 138 – 19.6% 13.2% 10.2% 9.4% –
Yang [18] 2019 3B 31 86 d 64.4% 45% 19.4% 13% 32.2%
Lausmann [37] 2018 3C 30 54 d 16.7% – 6.7% 3.4% 3.4%
Tsung [36] 2014 3C 76 143 d 22.4% 13.2% 10.5% 7.9% –
Lunzb 2021 3C 24 90 d 12.5% 8.3% 4.2% 0% 8.3%
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control, implant survivorship, and complication rates after 
reimplantation of the new prosthesis is given in Table 7.

Patient‑reported health‑related quality 
of life (HRQoL) scores

HRQoL scores have not been studied as extensively as rein-
fection or complication rates in the setting of PJI; a summary 
of literature is given in Table 8. Poulsen et al. [42] analyzed 
in his cross-sectional study PROMs following two-staged 
revisions and reported significantly lower scores compared 
to the general population. In a systematic review by Riet-
bergen et al. [43], the average WOMAC score was 73 after 
two-stage revision of 185 patients with a mean follow-up 
of 70 months. This is consistent with our results, as our 
mean WOMAC score significantly improved from 35 to 
75 (p = 0.001) and our mean UCLA score from 2.6 to 5.7 
(p = 0.001), respectively. By taking the poor baseline situa-
tion, old age, and comorbidity into account, we think, that 
the achieved results are quite satisfactory.

We believe that it is important to underline that our 
patients did not lose their mobility after implantation of the 
spacer but gained significant pain relief already during the 
interim period. Both, the mean VAS for hip pain and mean 

grading score for patient satisfaction improved after first-
stage surgery significantly to 2.3 from 6.5 and 2.9 from 4.4 
(p = 0.001 in both cases), respectively.

Custom‑made articulating hip spacer 
technique

The spacer technique described here allows exact recon-
struction of leg-length and offset due to the modular 
construction of the femoral stem and head. The metal-
on-cement articulation prevents from acetabular bone 
wear and, therefore, preserves acetabular bone stock 
and simultaneously allows physiological joint motion, at 
least partial weight-bearing and early patient mobilization 
already during the interim period. Furthermore, we were 
able to show that our spacer design provides significant 
pain relief already during the interim period as well as 
high overall patient satisfaction. It can be easily adopted 
in other clinics. In our opinion, it is not mandatory to use 
exactly the same antibiotic-loaded bone cement (Pala-
cos R + G cement, Heraeus, plus additional vancomycin 
powder) or femoral stem (Weber, Zimmer) or metal head 
component(DePuy Synthes). We just recommend using an 
appropriately sized metal head as well as an appropriately 

Table 7   Summary of recently published literature concerning infection control, implant survivorship, and complication rates in two-stage revi-
sion surgery using a mobile hip spacer design

a Review, bcurrent study, y = years, HSCS Hip Spacer Classification System with (RA resection arthroplasty, 1 static spacer, 2 hemi-spacer, 3 
articulating spacer; A preformed, B molded, C custom-made)

Author Year HSCS N Follow-up Infection control Implant 
survivor-
ship

Revision Dislocation Fracture Aseptic 
loosen-
ing

Jonesa [40] 2019 2A/B/C 155 6.5 y 82% 73% 27% 7.1% 2% 3.9%
Chalmers [35] 2018 3C 131 5 y 88% 77% 23% 10% 2% 10%
Lunzb 2021 3C 24 1.5 y 95.8% 91.7% 8.3% 12.5% 4.2% 0%

Table 8   Summary of literature concerning HRQoL scores in the setting of two-stage revision for PJI

a Review, bcurrent study, y years, – no information provided, SF-12 and VR-12 are based on a PCS (physical component score) and a MCS (men-
tal component score), HSCS Hip Spacer Classification System (RA resection arthroplasty, 1 static spacer, 2 hemi-spacer, 3 articulating spacer; A 
preformed, B molded, C custom-made)

Author Year HSCS N Mean age Prior explantation With spacer After reimplantation

Matar [41] 2019 – 29 63y – – WOMAC 76.5
Yang [28] 2019 3B 31 56y – HHS 48.5 HHS 89.5
Lausmann [37] 2018 3C 30 70y HHS 34 HHS 48 –
Chalmers [35] 2018 3C 131 65y HHS 58 HHS 71 HHS 81
Rietbergena [43] 2016 – 154 65y – – WOMAC 73

PCS 35, MCS 49
Lunzb 2021 3C 20 70y WOMAC 35

PCS 26, MCS 37
UCLA 2.6

WOMAC 54
PCS 26, MCS 43
UCLA 2.6

WOMAC 75
PCS 42, MCS 43
UCLA 5.7
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sized regular metal stem to achieve optimal reconstruc-
tion of the hip anatomy (especially balanced leg length 
and optimal offset). This provides sufficient stability 
and, therefore, prevention of spacer dislocation or frac-
ture (only one dislocation and no spacer-related fractures 
had occurred in our cohort) and is at the same time cost 
efficient. Lausmann et al. [37] described a similar spacer 
technique with a polyethylene dual mobility liner to pre-
vent spacer dislocation and reported a dislocation rate of 
6.7%. We achieved comparable results (our spacer dislo-
cation rate was 4.2%) without a costly polyethylene dual 
mobility liner, and therefore saving expenses and reduc-
ing the risk for biofilm formation. Furthermore, we have 
recently published that the here described custom-made 
hip spacer with a metal-on-cement articulation shows no 
relevant metallic wear [44]. To the best of our knowledge, 
the cement wear of any spacer was not yet quantified. 
But we assume that the cement wear of the spacer design 
described here should be lower than that of spacers with 
a cement–cement articulation, especially in knee spac-
ers, which have a significantly bigger articulation surface. 
The metal-on-cement articulation prevents from acetabu-
lar bone wear and, therefore, preserves acetabular bone 
stock. In contrast to that, we believe a hemi-spacer design 
(HSCS 2) has an increased risk for acetabular erosions 
and hip pain. In our experience, only true articulating 
hip spacers (HSCS 3) allow pain-free physiological joint 
motion and early patient mobilization during the interim 
period.

Limitations of this study

The retrospective nature of the study design with all its 
inherent limitations and the relatively small number of 
patients included in this study must be considered. This 
is a common problem because of the low rate of PJIs of 
0.5–2% [1–3]. Therefore, even major joint arthroplasty 
centers do not take care of a lot of PJI cases yearly.

Furthermore, not all PJIs at our department were treated 
with the here-described articulating spacer technique in 
the given period (see flowchart in Fig. 5). Therefore, a 
selection bias could have happened towards healthier 
patients with good bone stock having been treated with 
the articulating spacer system described here.

Our reported incidence of recurrent or persistent PJI 
and aseptic loosening was lower than in most other pub-
lished studies, as was our follow-up period after final 
reimplantation. It is probable that with a longer follow-up 
period higher rates of reinfection and aseptic loosening 
will be evident. This calls for a mid- to long-term follow-
up of our cohort.

Conclusions

We have introduced a custom-made articulating hip spacer 
technique that allows early patient mobilization with a good 
range of motion and significant pain relief already during the 
interim period. Complication rates during the spacer-period 
were low while overall satisfaction rates were high. After 
final reimplantation excellent rates for short-term implant 
survivorship and infection control were achieved. We believe 
this spacer technique can be easily adopted in other clinics 
with experience in revision arthroplasty to improve patient 
outcome in the demanding setting of chronic PJI.
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