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Abstract
Purpose The aim of this study was to compare two methods
of two-stage surgery for PJI (periprosthetic joint infection)
after THA (total hip arthroplasty): one with and one without
the use of an antibiotic-loaded cement spacer.
Methods This retrospective study was performed on 99 con-
secutive patients (99 hips) with a minimum follow-up of
24 months. Patients were divided into two groups: (1) in

whom the operation was performed using a spacer, and (2)
for whom a spacer was not used.
Results For the whole cohort, the results improved between
pre-operative and final follow-up. Recurrence of infection was
found in nine out of 98 patients (9.2%) and was not signifi-
cantly different between the two groups. Patients treated with
a spacer had better functional improvement in the interim
period, but the VAS score was better in the non-spacer group.
The improvement in final function was better in the spacer
group with regard to HHS, but not according to WOMAC
score or VAS at final follow-up.
Conclusion The resection arthroplasty should be awarded
particular consideration in cases of poor soft tissue quality,
bone stock deficiency, when complications related to spacer
use are expected or chances of new hip endoprosthesis im-
plantation are low.
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Introduction

Periprosthetic joint infection (PJI) after total hip arthroplasty
(THA) presents a reconstructive challenge to the orthopaedic
surgeon. The treatment goal is to attempt limb salvage, erad-
icate infection and preserve joint function. The prognosis for
resolving infectious processes in hip arthroplasties ranges
from 84 to 100% with current surgical techniques [1–3]. The
two most common surgical procedures are one- and two-stage
revisions. One-stage revisions, based on the immediate place-
ment of a definitive prosthesis, are reserved for when the in-
fecting organism has been identified and effective antibiotics
are available. It can be the preferential method for infection
with a single organism or with one of low virulence. Two-
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stage exchange arthroplasty should be used in patients with
systemic manifestations of infection, a sinus tract or poor soft
tissue coverage, when no organism has been identified or the
infecting organisms are antibiotic resistant [4, 5].

The implantation of hip spacers in the first stage of THR for
PJI is accepted worldwide as the main method of treatment.
However, few studies have compared patients treated with
spacers with those treated without them to demonstrate the
real benefits of using a spacer in two-stage surgery [6, 7].
Furthermore, despite many of the advantages of spacers, they
have been associated with complications related to their use
including spacer dislocation, migration of the spacer to the
pelvis following injury of the iliac vessels, spacer breakage
and bone fracture on its removal [6, 8].

The aim of this study was to compare two methods of two-
stage surgery for PJI after THA: one with and one without the
use of an antibiotic-loaded cement spacer.

Materials and methods

This was a retrospective study performed on 99 consecutive
patients (99 hips) treated for PJI with two-stage revision THA.
The first revision was performed from 2006 to 2014 in the
place of work of the first author. The average follow-up period
was 52.2 months (range, 26–120 months) from first stage
revision to final follow-up, and at least 24 months from the
second stage revision. Patients were divided into two groups
on the basis of spacer use during the first stage of revision. For
the first group (the study group with 47 patients), the operation
was performed with the use of a spacer. The second group
(control group with 52 patients) was operated on without
any spacer. Both sets of patients had been treated at the same
medical centre. The decision to use a spacer rested on the
decision of the surgeon regarding the type of bone loss that
can result in spacer-related complications. The procedures
were carried out by five different surgeons.

The following inclusion criteria were required: (1) previous
THA, (2) diagnosis of infection based on two positive
periprosthetic cultures with phenotypically identical organ-
isms, (3) sinus tract communicating with the joint, (4) in-
formed consent obtained from patients for participation in
the study.

Different exclusion criteria were used to assess reinfection
rate and final results. For assessment of reinfection, only one
patient from the control group was excluded due to not attend-
ing the follow-up. Other exclusion criteria were used for final
result assessment. In the spacer group, two patients were ex-
cluded from the study as the spacer was left in and the second-
stage operation was not performed. Neither patients agreed to
the final surgery. Another four patients were excluded from
the control group: one was lost to follow up and the other three
were left with hanging hip; the patients refused further

surgery. After the excluding process, 93 patients were includ-
ed for the final analysis of results: 45 cases in the study group
and 48 in the control group.

The demographic and clinical data of the patients are pre-
sented in Table 1.

The decision concerning revision surgery was made on the
basis of clinical examination, presence of sinus tract commu-
nicating with the joint, radiographic imaging, positive
periprosthetic or sinus tract cultures, and levels of ESR (eryth-
rocyte sedimentation rate) and CRP (C-reactive protein).
Cultures were kept for five days to allow the identification
of micro-organisms. Sonication was not used in any of our
patients.

The standard treatment for patients was the two-stage revi-
sion for PJI after THA. A posterior approach was taken for all
procedures. During the first stage, between three and six tissue
and fluid samples were taken for analysis after approaching
the hip. Any sinus was excised, and this was followed by wide
debridement of infected material and excision of all necrotic,
contaminated or friable tissue. The old implants were re-
moved. Debridement of infected tissues, including bone ce-
ment if necessary, and washout were then performed with
copious quantities of normal saline and Betadine. Finally, in
the first group, a Vancogenx Spacer Hip (Tecres, Italy) was
implanted without the use of bone cement; while in the second
group, a gap was left without the spacer in the bony acetabu-
lum and medullary canal of the femur after removal of im-
plants and debridement. Commercially available spacers used
in the study are loaded with gentamicin that is released to
surrounding tissue. The decision to use a spacer was based
on the preferences of the surgeon and local bone stock defi-
ciency. For example, if the risk of dislocation was high due to
lack of a posterior acetabulum, no spacer was used. The suc-
tion drain was left until the second day after the operation, or
as long as purulent discharge was present.

The second stage was performed only when erythrocyte
sedimentation rate, white blood cell count and CRP were at
normal levels. After a minimum period of two to three
months, if no clinical signs of infection were observed, CRP
level was below 10 mg/dL, and white blood cell count and
erythrocyte sedimentation rate were within normal ranges
(<30 mm/h), second-stage revision was performed. During
the second-stage operation, the spacer was removed (if pres-
ent), and pulse-lavage performed by using water and washout
and Betadine. In some patients, the spacer remained for a
longer time than was primarily planned, for reasons indepen-
dent of the surgeon.

Post-operative care was the same in both groups. The
drains were removed on the second day after the operation.
Intravenous antibiotics were applied for one week, and then
oral antibiotics were prescribed for six weeks according to an
antibiogram, or empirical information if the cultures were neg-
ative. After eight weeks of clinical examination, CRP and
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ESR examinations were performed, with the CRP examina-
tion repeated until normalization. All patients were evaluated
radiographically at six-month intervals with standard antero-
posterior hip radiographs in a standing position. In nine pa-
tients, normal CRP levels were not achieved and recurrence of
infection was observed (six in the spacer group and three in
the non-spacer group).

The Harris hip score (HHS) [9] and Western Ontario and
McMaster Universities Arthritis Index (WOMAC) [10] were
used for clinical assessment. Clinical and functional results

were calculated only for patients without recurrence of
infection.

Statistical analysis

Statistica for Windows 10 Pl was used for statistical analysis.
The chi-squared test was applied to calculate the significance
of the difference between genders in both groups. Fisher’s
exact test was applied to compare infection rates in the two
groups. Levene’s test was used to test the normality of

Table 1 Demographic and clinical data of patients treated with total hip arthroplasty for prosthetic joint infections with and without spacer

Characteristic Group treated with spacer mean
(range)

Group treated without spacer mean
(range)

P-value

Number of patients 45 48

Male / female 26/19 30/18 0.64

Age 62.0 years (24–83) 64.6 years (29–87) 0.3

Time from primary to first-stage THA 55.2 months (5–264) 32. months 8 (3–108) 0.013

Time from the first- to second-stage revision THA 5.5 months (2–16) 14.5 months (3–39) >0.00001

Duration of first stage surgery 138.8 min (72–220) 126.7 min (56–207) 0.17

Duration of second stage surgery 146.1 min (111–261) 181.5 min (66–295) 0.0005

Length of hospital stay – first stage surgery 12.3 days (8–18) 12.6 days (8–17) 0.4

Length of hospital stay – second stage surgery 10.0 days (6–14) 10.4 days (5–15) 0.3

Type of bacteria MSSA – 13
MRSA – 11
Staphylococcus epidermidis – 6
Enterobacter cloacae – 1
Streptococcus – 2
Not found – 12

MSSA – 21
MRSA – 1
Staphylococcus epidermidis – 5
Enterococcus faecalis – 3
Streptococcus −5
Klebsiella pneumoniae – 1
Not found – 12

Bacteria detection rate 46% 63%

HHS before first revision 56.1 points (21.7 to 74.3) 61.1 points (45.6–71.4) 0.12

WOMAC before first revision 53.8 points (39.1–75.4) 61.2 points (43.2–78.6) 0.02

VAS before first revision 7.0 points (4–9) 6.9 points (3–9) 0.74

HHS spacer/hanging hip 66.1 points (43.5–76.8) 58.5 points (48.9–68.8) >0.0001

WOMAC spacer/hanging hip 59.7 points (40.6–78.4) 57.2 points (49.8–67.9) 0.06

VAS spacer/hanging hip 5.2 points (2–8) 4.0 points (1–6) 0.0006

HHS ½ difference 10.1 points ((−10.9)-36.2) (−2.6) points ((−17.5)-15.4) >0.0001

WOMAC ½ difference 5.8 points ((−4.7) – 21) (−4.0) points ((−27.1) - 15.2) 0.000001

Final HHS 80.2 points (40.3–93.1) 77.7 points (61.5–89.7) 0.06

Final WOMAC 74.5 points (43.8–88.8) 79.9 points (54.7–93.3) 0.006

Final VAS 2.7 points 2.5 points 0.5

HHS difference 25.2 points (1.9–49.8) 16.6 points ((−2.6)-40.8) 0.0005

WOMAC diff 20.7 points ((−3.7)-39.3) 18.6 points ((−1,3)–37) 0.33

Second stage (number of packs of concentrated red blood
cells)

2.5 (0–5) 3.6 (0–5) 0.19

Reinfection 6 (incl. 47 patients) 3 (incl. 51 patients) 0.23

THA total hip arthroplasty,MSSAmethicillin-sensitive Staphylococcus aureus,MRSAmethicillin-resistant Staphylococcus aureus,HHSHarris hip score,
WOMAC Western Ontario and McMaster Universities Arthritis Index, VAS visual analog scale

HHS,WOMAC 1/2 difference indicates the difference in results before first revision and with spacer/hanging hip;HHS,WOMAC difference difference in
results before first revision and at final follow-up

Final clinical and functional KKS score are calculated after excluding patients with recurrence of infection. Values in bold text indicate statistical
significance
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distribution. The U Mann–Whitney test was used to make the
following comparisons between groups: HSS (initial and in
the interim period), HSS score difference between final and
initial results as well as between interim and initial results,
WOMAC score in the interim period, WOMAC score differ-
ence between interim and initial results and time period form
the first-stage to second-stage revision THA. The other com-
parisons between groups were performed using Student’s T-
test for independent samples. Student’s T-test for dependent
samples was used to compare VAS, HHS and WOMAC for
the whole cohort in different time periods.

Results

The members of the groups were comparable in terms of age
and gender (Table 1). None of the patients were on immuno-
suppressive therapy, corticosteroid therapy or had diabetes.
Recurrence of infection was found in nine out of 98 patients
(9.2%). Reinfection was detected in six patients from the spac-
er group and three (6.4%) from the non-spacer group. The
difference was not statistically significant (p = 0.23).

No statistically significant difference between time points
was observed for mean WOMAC score for all 93 patients
treated—a pre-operative score of 57.7 points compared to
58.4 following first revision (p = 0.4). Similarly, the preoper-
ative score (57.7 points) was lower than the final follow-up
score (77.3 points) (p < 0.001), as was the score following first
revision (58.4) compared to final follow-up (77.3 points)
(p < 0.001). There was also no difference between groups in
terms of number of packs of concentrated red blood cells
(p = 0.19).

A significant difference was found between pre-operative
HHS score and HHS score after first revision for all patients
(mean 58.6 versus 62.2 points, respectively; p = 0.002). Pre-
operative HHS score was lower than at final follow up (mean
58.6 versus 79.4 points, respectively; p < 0.00001), as was the
score after first revision compared to final follow-up (mean
62.2 versus 79.4 points, respectively; p < 0.001).

The mean VAS score improved from 6.9 pre-operatively to
5.1 points in the interim period (p < 0.001). The pre-operative
score was lower than the final follow-up score (6.9 versus 2.6
points, respectively; p < 0.00001), as was the score from the
interim period and the final follow-up (5.1 versus 2.6 points,
respectively; p < 0.001).

One patient had a complication related to the spacer that
was found to be subluxated on post-operative radiographs.
The subluxated spacer was left for final second-stage revision.
Five patients from the study group underwent spacer ex-
change together with debridement due to recurrence of infec-
tion. The infection was successfully eradicated in all those
patients, and they were followed up with THA.

The comparison between groups given in Table 1 found
that patients treated with spacer demonstrated better functional
improvement in the interim period than those treated without
spacer, with regard to mean HHS (10.1 versus (−2.6) points,
respectively; p < 0.00001) and mean WOMAC score (5.8
versus (−4.0) points, respectively; p < 0.00001). Despite the
fact that the final mean WOMAC score was better in the
control group than the study group (mean 79.9 versus 74.5
points, respectively; p < 0.006), greater improvement in func-
tional status from pre-operative to final score was found in the
spacer group according to HHS than in the non-spacer group
(mean 20.2 versus 16.6 points, respectively; p = 0.0001), but
not according to WOMAC score (mean 20.7 versus 18.6
points, respectively; p = 0.33). The VAS score in the interim
period was better in the control group than in the study group
(mean 4.0 versus 5.2 points, respectively; p = 0.03), but not at
final follow-up (mean 2.5 versus 2.7, respectively; p = 0.6)
(Table 1).

Discussion

Several factors could be considered when examining the in-
fluence of the use of spacers in treating PJI after THR: rein-
fection rate, the interim and final results, duration of operation
and length of hospital stay and complications related to
spacer. However, any comparison of our results with
others is complicated by the variation in the operative
and peri-operative protocols and the small number of
potential comparative studies [6, 7, 11].

While some functional improvement was found in all pa-
tients even after the first revision, during which the implants
were removed according to HHS, the most significant func-
tional improvement was noted after second stage revision. In
addition, the entire cohort reported significant functional im-
provement at the final visit compared to pre-operative status.
The final results of the two stage procedure are satisfactory in
terms of function, pain and eradication of infection (9.2%).
Two-stage reimplantations have previously been found to suc-
cessfully eradicate infection in 84–100% [1–3], which is con-
sistent with our observations. A systematic review and meta-
analysis based on aggregate published data found the re-
infection rate after one- or two-stage revision to be approxi-
mately 8% [2]. Staphylococcus species were identified in
about half of patients, which is consistent with findings pro-
vided by Kliushin et al. [12].

Several mechanical complications may occur when cement
spacers are used: spacer fractures, dislocations (up to 16.4%)
and femoral fractures have frequently been reported [3, 8].
The present study found a much lower complication rate re-
lated to spacer use, with only one spacer dislocation identified.
This may be related to the fact that a spacer was not used if
dislocation was likely to occur.
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The reinfection rate was similar in both groups: 13.3% in
the spacer group and 6.4% in the non-spacer group. One pos-
sible reason for this is that the spacer is a foreign body and
thus may encourage colonization by bacteria. In some studies,
biofilm has been found on the spacer removed from the hip
[13–15].

Jahoda et al. also examined the use of a spacer in similar
operations. The success rate in terms of reinfection was found
to be similar in patients treated with a spacer (96.5%) and those
who were not (94.3%) [7]. Hsieh et al. compared two types of
hip PJI treatment which used either antibiotic-loaded cement
beads or antibiotic-loaded cement prostheses in the first stage
of the operation. Recurrence of infection was also similar in
both groups [11]. Pagnano et al. found that resection
arthroplasty was reliable in eradicating reinfection, but led to
poor function and was associated with persistent pain [16]. A
similar conclusion was reached byCastellanos et al., who found
that infection was satisfactorily controlled in 86% of patients
with Girdlestone pseudarthrosis after infected THR [17]. This
finding contrasts with those reported in other studies. Cabrita
et al. report a lower infection rate after first and second stage of
revision with the use of a spacer compared to hanging hip [6].

The literature review of the effect of spacer use on final
clinical results remains unclear. Cabrita et al. report no signifi-
cant difference in functional results in patients treated with a
two-stage procedure, either with a spacer or without [6]. In a
study of hip function following Girdlestone pseudarthrosis,
Schröder et al. conclude that the observed improvement in hip
function following reimplantation was marginal and the results
were comparable to a well-functioning pseudarthrosis [18]. It is
worth noting that Schröder et al. used a significantly longer time
period between revision stages (mean three years) than that
employed in the present study. This results in more severe mus-
cle contracture and changes in walking biomechanics, and
hence the less favourable outcomes reported by Schröder
et al. [18]. Blomfeldt et al. report high rate of Girdlestone op-
eration performed in patients with PJI treated primary or sec-
ondary with arthroplasties for displaced femoral neck fracture
and the outcome treatment was unfavourable [19].

In a comparison of antibiotic-loaded cement beads and
antibiotic-loaded cement prosthesis by Hsieh et al., the use
of a spacer was associated with a higher hip score, a shorter
hospital stay, and better walking capacity in the interim peri-
od; a decreased operative time, less blood loss, and a lower
transfusion requirement at the time of reimplantation; and
fewer post-operative dislocations [11]. A similar method of
treatment was employed by Takigami et al., who used porous
hydroxyapatite blocks loaded with an antibiotic instead of
spacers; they found that function improved from 45.1 before
surgery to 79.6 at the latest follow-up according to the
Japanese Orthopaedic Association [20]. Jahoda et al. report
greater improvement in final results in a group of patients
treated using a spacer (an improvement of 29 points)

compared to those who were not (20 points). They also high-
light that use of a spacer in two-stage reimplantation ensured
greater comfort for the patient [7].

Both the initial and final clinical results in our study groups
were significantly different, which made any comparison dif-
ficult and confusing. For this reason, we drew our conclusion
on the basis of differences in outcomes between time periods.
A more significant improvement in hip function was found in
the group treated with spacer when initial and final results
were compared according to HHS, but not WOMAC score.
Those patients also demonstrated greater improvement in the
interim period, i.e. the difference between the interim and
initial outcomes, due to better range of motion, better walking
ability and less leg length discrepancy; however, this cohort
also reported more pain related to the spacer than the non-
spacer group. Conversely, patients with resection arthroplasty
complained of leg length discrepancy and hip instability, but
reported less pain, which could explain the discrepancies be-
tween HHS and WOMAC scores at the analyzed stages. We
believe that the greater improvement of HHS between the
initial and final results observed in the study group was not
related to the use of a spacer, but the choice of better bone
stock and a shorter interim period. A significantly longer pe-
riod between first and second stage revision was chosen for
the patients treated without a spacer, and they reported less
pain in the interim period and anxiety from recurrence of
infection. They accepted some inconvenience related to walk-
ing difficulties and impaired function. Furthermore, to prevent
spacer dislocation, the spacer was not implanted if severe bone
deficiency was noted, especially in the posterior acetabulum.

Our findings confirm those of other authors, who report a
longer duration for the second-stage operation if the spacer was
not implanted during first stage revision [6, 7, 11]. Similarly,
our findings indicate that reimplantation of hip endoprosthesis
was about one hour longer if the spacer was not present; more
time was needed to remove scar tissues both from the acetab-
ulum and medullary canal. The surgeons tended to perform
second stage realoplasty if a spacer had previously been used.
In a prospective study comparing two groups of patients treat-
ed with and without spacer, Cabrita et al. found that when the
spacer was used, the operation was around one hour shorter, it
was easier to find surgical planes, identify the bone structures
and build the bed for the implant, compared to the control
group [6]. Similar findings are presented by Hsieh et al. [11].
We fully agree that it is difficult to dissect the muscular planes
and identify bone landmarks. Finding the bony acetabulum,
intramedullary femoral canal and removal of scar tissue is
more challenging in those cases and takes more time. It is also
worth noting that spacers were not used in our cohort in cases
of more severe bone deficiency, especially the loss of bony
acetabulum. Consequently, second stage revision requires
more complex reconstruction methods, such as the use of
cages, metal blocks or screws.
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The two groups were not found to be significantly different
with regard to length of hospital stay during first and second
stage revision. In some orthopaedic departments, it is a routine
practice to use skeletal traction after the removal of implants
from an infected hip, which significantly prolongs hospital
stay [6]. A longer hospital stay associated with the use of
spacer was also noted by Hsieh et al. [11].

This study has some limitations. First, this is a retrospective
study and the data comes from medical records of patients.
Second, this is a consecutive series of patients, but operated by
five different surgeons. This doctors came from the samemed-
ical centre and had the same training program. Furthermore,
cultures were kept for five days to allow the identification of
micro-organisms, and sonication was not used in any of our
patients. Nowadays we use sonication and keep the bacteria
cultures much longer, which increases the bacteria type detec-
tion rate.

In summary, we believe that resection arthroplasty may be
a valuable first-stage procedure in the treatment of PJI after
THR. The success rate in terms of infection control is similar
to that observed in operations with the use of a spacer. It
should be especially considered in cases of poor soft tissue
quality, bone stock deficiency, and when complications relat-
ed to spacer use are expected or when the chances of new hip
endoprosthesis implantation are low.
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