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Abstract
Successful management of periprosthetic joint infection (PJI) includes both 

eradication of infection and maintaining functional mobility. At our institute, an 

algorithm for the different surgical treatment options of PJI has been established. 

In this cohort study, we analyzed the functional, radiological, and microbiological 

outcome of 70 patients (72 episodes) who had a hip- revision due to PJI; they 

underwent a one-stage exchange [1-SE] (n=22) or a two-stage exchange [2-SE] 

(n=50). All patients were treated strictly according to the algorithm. For 1-SE, 

we hypothesized that functional and radiological outcome would be similar to 

a matched group of patients who had been revised for aseptic loosening. After 

1-SE, the mean Harris hip score was 84, incidence of limping 20%, and use of 

two crutches 10%. Two stems were revised for aseptic loosening. In general, the 

results were equal to those of the matched group. After 2-SE, results were 80, 

30% and 28%, respectively. Two stems and three cups were revised for aseptic 

reasons. The functional outcome after 2-SE was slightly worse, but these patients 

had had a more complex a priori situation. Regression analysis showed a poorer 

functional outcome in case of (i) a pre-existent deficient trochanter and (ii) a 

history of increased acetabular revisions with the need for a Burch-Schneider ring. 

One relapse of infection occurred in the 2-SE group. Adherence to our previously 

published algorithm leads to a successful outcome in both eradicating infection 

and maintaining functional mobility. However, results indicate that functional 

outcome might be improved if adequate surgical treatment were performed a priori. 

 

Introduction
Infections associated with prosthetic joints cause significant morbidity and account 

for a substantial proportion of health care expenditures1. The use of perioperative 

antimicrobial prophylaxis and laminar airflow surgical environment has reduced 

the risk of intraoperative infection to less than one percent after primary hip 

replacement. However, after revison arthroplasties, the risk is estimated to be 

between 4 and 6% 2-4.  

The management of infection associated with prosthetic joints is less standardized, 

because of the variable clinical presentations and the lack of data from 

randomized, controlled trials. However, in essence, a successful outcome consists 

of both, the eradication of the pathogen and the reconstitution of the patient mobility. 

We have recently published a treatment algorithm that has been developed in 

our clinic over the past 25 years5. In this concept, surgical therapies include 

debridement with retention, one-stage exchange (1-SE), or two-stage exchange  

(2-SE) with or without spacer, and excision without replacement. The decision 

for the particular surgical therapy is based on (i) duration of clinical signs and 

symptoms, (ii) stability of the implant, (iii) condition of the soft tissue, and (iv) 

antimicrobial susceptibility of the microorganism. Adherence to this treatment 

concept has shown a success rate of 86-100% in curing the infection, both at our 

institute6 and other hospitals7. However, the functional outcome has not yet been 

evaluated. The importance of functional outcome is of major interest, in particular 

in studies for aseptic complications8. Moreover, patient satisfaction after hip 

surgery is highly influenced by the functional result9. Finally, a treatment concept 

for prosthetic joint-associated infection, irrespective of its success in curing 

infection, loses its significance if functional outcome is unknown or even poor. 

We have previously observed that the functional outcome of surgical therapy 

for periprosthetic joint infection is good. Therefore, we hypothesized that the 

functional and radiological outcome after hip prosthesis exchange due to an 

implant-associated infection would be similar to that due to aseptic loosening. 

We compared various parameters in patients that were treated with a 1-SE due to 

a prosthetic hip joint-associated infection (PHJI) with those in patients that were 

treated with a 1-SE due to aseptic loosening.

A 2-SE requires a more complex surgical procedure than 1-SE, and hence, 

potentially could lead to poorer functional outcome. In order to evaluate this 

hypothesis, the same parameters were compared in patients treated with a 2-SE 

due to a PHJI with those in patients with 1-SE for septic loosening. For all patients, 

various variables were screened by multiple regression analysis for an association 

with functional impairment at follow-up. Finally, for the 1-SE and 2-SE group, we 

evaluated outcomes in terms of infection eradication.
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Patients, Materials and Methods

Diagnosis of PHJI

In addition to clinical signs such as pain, effusion, erythema, induration, edema, 

and sinus tract at the implant site, the growth of the same microorganism in at least 

two cultures of synovia and/or periprosthetic tissue was required. Histopathological 

examinations of periprosthetic tissue as well as imaging studies (including 

arthrography) were used to establish diagnosis6. In referred patients who were 

surgically or medically pretreated in another center, external charts were also 

reviewed for the above mentioned parameters. 

Patients

Between 1985 and 2004, a total of 101 episodes (97 patients) from our cohort were 

treated with an exchange of the components of the hip arthroplasty due to an implant-

associated infection. To evaluate the functional and radiological outcome of our 

previously published algorithm5, we only included PHJI episodes that were treated 

strictly according to this protocol and could be clinically followed for at least 2 years. 

Decision making on surgical procedure in PHJI

The following criteria were considered as an indication for joint replacement: 

(a) clinical symptoms that lasted more than three weeks, (b) unstable prosthesis, 

(c) moderately or severely compromised soft-tissue, and (d) presence of difficult-

to-treat microorganism (e.g., methicillin-resistant Staphylococcus aureus, 

Pseudomonas spp., fungi,or any multidrug-resistant bacteria)10. A 1-SE was 

chosen when the condition of the soft-tissue was intact and a difficult-to-treat 

microorganism was absent. In case of compromised soft-tissue, a 2-SE with a 

spacer was performed. In infections with difficult-to-treat microorganisms, a 2-SE 

without a spacer was carried out, irrespective of the condition of the soft-tissue or 

duration of symptoms. 

Surgical technique and index operation

Index operation was defined as the first operation due to infection in our center 

with removal or exchange of the implant. Hip reconstruction was done with 

the same implants as would have been used in case of an aseptic revision, 

independent of 1-SE or 2-SE. For reconstruction of the acetabulum, an uncemented 

cup (SL-Müller cup [Zimmer, Warsaw, IN]), a reinforcement ring (Müller, [Zimmer, 

Warsaw, IN]) or an antiprotrusio ring (Burch-Schneider [BS-ring], [Zimmer, 

Warsaw, IN]) was used with morcellized autograft for small defects and/or slices of 

allograft for larger defects. For reconstruction of the femur, an uncemented titanium 

stem (Wagner SL, [Zimmer, Warsaw, IN]11,12 or a cemented (Gentamicin palacos) 

stem (Müller-straight stem, CDH, Virtec, [Zimmer, Warsaw, IN]) was used. Patients 

were operated upon in a supine position through a straight lateral approach often 

in combination with a transfemoral osteotomy according to Wagner and Wagner13. 

After removal of the components, a thorough debridement was performed. In case 

of 2-SE without spacer, either a supracondylar extension or no device was used.

Control group

For comparison, we selected 22 patients (22 episodes) out of 474 consecutive 

revisions due to aseptic loosening who matched with patients treated with a 1-SE 

for PHJI. Patients were matched with decreasing order of importance for previous 

surgery (on trochanter, number of revisions of the cup, number of revisions of the 

stem), type of implant, use of transfemoral osteotomy, Charnley score, length of 

follow-up, age, and sex.

Antimicrobial treatment 

In general, antimicrobial treatment was administered as previously described 5 and 

according to the selected pathway of the algorithm. Because functional outcome 

is the main scope of this analysis, duration of antimicrobial treatment was not 

included as an outcome variable.

Follow-up

Patients were followed prospectively after 6 weeks, three months, six months, one 

year, two years and every five years thereafter. To establish the functional outcome, 

the Harris hip score14 was calculated and the presence of limping and the use of a 

support were recorded. These parameters were analyzed at the 2-year follow-up15. 

To evaluate radiological outcome, the AP pelvis, whole femur and femur 

faux–profiles X-rays were scrutinized for signs of loosening. For the acetabular 

component the classification  according to Gill et al.16 was used, in which 

components are considered to be (i) definitely loose if screws are broken, or if a 

complete, progressive radiolucent line medial or superior to the component or 

around the screws is present, or if there is evidence of migration of the component 

or a fracture of cement is present; (ii) probably loose if an incomplete progressive 

radiolucent line medial or superior to the component is present; and (iii) possibly 

loose if a nonprogressive radiolucency is present that does not involve the screws. 
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For the femoral component, the classification according to Harris17 was used. 

Migration of components, including subsidence of stems, was measured using 

bone reference points as described by Callaghan18. In case of osteotomy, images 

were screened for signs of pseudoarthrosis. Radiological parameters were analyzed 

on the latest available radiograph, irrespective of its relation to the clinical 

investigations. The infection was considered ‘cured’ when there were no clinical or 

radiological signs of infection present 2 years or longer after implantation. Relapse 

was defined as an infection with the same pathogen. Re-infection was defined as 

an infection with a different microorganism.

Study Outcomes

Primary endpoints included revision for (i) aseptic loosening, (ii) for any other 

reason, and (iii) for relapse. The endpoint for radiological outcome included 

definitive loosening of the stem, definitive loosening of the cup, or subsidence  

of the stem more than 3 mm.

Statistics

Comparison between groups for descriptive variables, surgical specifics, and 

clinical and radiological outcomes were conducted with chi square and the 

Student’s t-test. For non-parametric data the Mann-Whitney U test was used. 

Multiple regression analysis (ANOVA) was used to identify patient characteristics 

and surgical factors that would influence functional results. Calculations were 

made with the statistical software SPSS 15.0 (Microsoft) and statistical significance 

was set at p < 0.05

 

Results

Patient demographics and surgical procedure

In total, 29 out of 101 episodes were excluded. Reasons for exclusion are 

illustrated in Fig. 1. Therefore, 72 episodes of PHJI were included in this study, 

and consisted  of 22 which were treated with a 1-SE, and 50 with a 2-SE (29 with 

spacer, 21 without spacer). In total, 71% of patients of the included episodes were 

referred cases. Our own cases qualified more often for a 1-SE than the referred 

cases (48% versus 23%; p = 0.04). Patient demographics, Charnley classification, 

surgical history, type of bone defects, prevalence of trochanter deficiencies, 

surgical specifics and mean time from index operation to follow-up were similar in 

the 1-SE and control group and are presented in Table 1,2 and 3. 

Included in study
72 PJI 2-SE/1-SE

1985-2004
101 PJI 2-SE/1-SE

Excluded: not acc. to algorithm    
11 PJI

Excluded: not well-documented 
3 PJI

Excluded: follow-up < 2 years       
5 PJI

Excluded: declined treatment     
2 PJI

Excluded: various reasons            
5 PJI 

Excluded: lost to follow-up          
1 PJI

Excluded: detection of infection   
postmortem 

2 PJI

Fig. 1. Total number of revisions for prosthetic hip joint infection performed between 1985 and 2004,  

numbers of excluded episodes and reasons, and number of included episodes in studygroup.
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Functional and radiological outcome after 1-SE due to infection is similar  

to that due to aseptic loosening.

At the 2-year of clinical follow-up, the incidence of limping, the use of a support, 

and the HHS (84 for 1-SE and 85 for the control group) were similar in both groups 

(Table 3). During the follow-up period, revision due to aseptic loosening was 

required in two episodes (one Wagner stem and one Virtec stem) of the 1-SE group, 

and in one episode (Wagner stem) in the control group (after 0.8, 2.8 years and 4 

years, respectively). No cups were revised in either group. 

The mean radiological follow-up in the 1-SE group was 3.1 years (range 0.6-9.3) 

and in the control group 4.6 years (range 0.4-10). Apart from the three revised 

stems, no other stems showed signs of definitive loosening in either group. There 

was one possible stem loosening in the 1-SE group. For the acetabulum, in the 1-SE 

group, there was one probable loosening of a BS-ring. In the control group, two 

Müller reinforcement rings were definitely loose (however, the Harris hip scores 

were 100 and 95, respectively). All three cases did not require a revision.

There were no statistical differences between the 1-SE and the control group with 

regard to the number of cup or stem revisions, or the incidence of radiological cup 

or stem loosening (Table 3).

All transfemoral (12 episodes) and trochanteric (two episodes) osteotomies that 

were performed in both groups (Table 2) and all fissures of the proximal femur (4 

episodes) that occurred during the index operation (Table 4), showed healing. One 

of the two trochanteric fractures developed a non-union. 

2-SE 1-SE Control

Number of hips (patients) 50 (48) 22 (21) 22 (22)

Age in years, median (range) 70 (40-88) 69 (48-88) 67 (53-84)

Male : female ratio 29 : 19 10 : 11 15 : 7

Charnley classification 
   A
   B1
   B2
   C

31
0
17
2

14
1
7
0

12
1
9
0

Previous interventions
   None  
   Interventions on trochanter
   Revisions for any reason cup
   Revisions for any reason stem
   Debridement
   Temporary Girdlestone 

11 * 
17
23 † 
25 §
70 † 
2   

19
2
0
2
0
/

20
2
1
2
0
/

Girdlestone/spacer at presentation 6 / /

Proprosky classification cup 
   1
   2A
   2B
   2C
   3A
   3B

17
4
5
11
6
4

15
1
2
2
1
0

13
3
2
2
2
0

Proprosky classification stem
   I
   II
   IIIA
   IIIB
   IV 

1
19
20
2
6

1
16
3
1
0

0
17
4
1
0

Number of deficient greater trochanter 12 ± 1 1

Table 1. Population characteristics before index operation.

The 1-SE and control group were matched for all listed items.

 

* significant difference between 2-SE and 1-SE (p < 0.01, Student’s t-test).

† significant difference between 2-SE and 1-SE (p < 0.01, Mann–Whitney U test).

§ significant difference between 2-SE and 1-SE (p = 0.01, Mann–Whitney U test).

± significant difference between 2-SE and 1-SE (p < 0.05, Mann–Whitney U test).
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2-SE 1-SE Control

Number of hips (patients) 50 (48) 22 (21) 22 (22)

Transglutal approach and 
   no osteotomy
   transfemoral osteotomy 
   greater trochanter osteotomy
   via pseudoarthrosis greater trochanter 

22
22
1
5

15
5
1
1

14
7
1
0

Spacer 29 / /

Acetabular component 
   SL-uncemented cup
   Müller reinforcement ring
   Burch-Schneider reinforcement ring

2 
24
23 †

2
16
4

2
16
4

Femoral component    
   Uncemented 
   Cemented

27
23

11
11

11
11

Acetabular graft  
   No graft
   Autograft, morcellized
   Allograft, blocks > 2 cm, slices
   Auto- and allograft

27
9
10
3

9
10
3
0

5
4
2
1

2-SE 1-SE Control

Mean follow-up (range) in years 4.7 (2-17) 4.0 (2-11) 4.0 (2-11)

Functional results at two years follow-up

Number of hips (patients) 43 (42 ) 19 (18) 22 (22)

HHS, mean (SD) 
(range)

80 (18) 
(31-100)

84 (17)
(51-100)

85 (16) 
(38-100)

HHS, spacer/no spacer 80/78 / /

Limping
   none or slight
   moderate or severe 

30
13

15
4

19
3

Support
   no support
   one cane or crutch 
   two canes or crutches
   unable to walk/wheelchair

18
13
11
1

9
8
2
0

15 
7
0
0

Revisions, endpoints and number of hips

Aseptic loosening stem 2 2 1

Aseptic loosening cup 1 0 0

Recurrent dislocation and cup exchange 2 0 0

Relaps infection 1 0 /

New infection 1 0 0

Radiological results and endpoints at latest follow-up

Mean follow-up (range) in years 3.7 (0.23-16) 3.1 (0.6-9.3) 4.6 (0.4-10)

Number of hips (patients) 47 (45) 21 (20) 22 (22)

Number of definitive loosened 
   stems (%)
   cups (%)

4 (8)
3 (6)

2 (9)
0 (0)

1 (5)
2 (10)

Migration stem, median in mm, (range) 0 (0-41) 0 (0-23) 0 (0-48)

Migration cup, median in mm, (range) 0 (0) 0 (0) 0 (0-4)

Stem subsidence > 3mm 5 2 1

Microbiological results at latest follow-up, number of hips (%)

Healed 45 (90) 19 (86) /

Probably healed 3 (6) 2 (9) /

Relaps 1 (2) 0 (0) /

New infection 1 (2) 1 (5) /

Table 2. Surgical specifics. The 1-SE and control group were matched for all the listed items. 

† significant difference between the 2-SE and 1-SE group (p < 0.05, Mann–Whitney U test)

Table 3. Results
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Functional and radiological outcome of 2-SE 
At the two-year clinical follow-up, the mean HHS in the 2-SE group was 80, 

30 patients had either no limp or only a slight limp, and 31 patients needed 

no support or only one crutch for walking. There were more disabled patients 

dependent on crutches and one patient was unable to walk than in the 1-SE group. 

Outcomes were lower than in the 1-SE group, but not significantly different (p = 

0.26 for HHS; p = 0.09 for limping; p = 0.36 for use of support). A spacer did not 

influence HHSs (Table 3).

After the index operation, revision due to aseptic loosening was required in a 

total of 5 episodes in the 2-SE group: One Wagner and one Virtec stem showed 

definitive loosening after 4 months and one year, respectively, and were revised 

accordingly. One Müller reinforcement ring was revised after three years. In two 

cases with BS-rings, there was a capsular laxity with recurrent dislocation of the 

head. The cups were exchanged after three months c.q. one year, but the BS-rings 

were stable and remained in situ. 

In addition to the two stems that were revised, there were two further episodes 

with definitive radiologic loosening: a loose Virtec stem caused minor complaints, 

and surgery was not possible due to the patient’s preconditions; a second patient 

died shortly after loosening of a Wagner stem was recognized. One stem showed 

possible loosening. For the acetabulum, besides the three revised cases, two BS 

rings showed definitive loosening: one patient additionally had severe symptoms 

resulting from a spinal stenosis, the other had only minor complaints and no 

revision surgery was indicated. There were subtle type I changes around 4 other 

components. 

In comparison with the 1-SE group, there was no statistical difference with regard 

to the number of stem or cup revisions, nor to the incidence of radiological cup or 

stem loosening. 

Two out of the 5 preexistent non-unions of the greater trochanter, one of the 22 

transfemoral osteotomies, and one osteotomy of the greater trochanter that we 

performed did not heal (Table 2). All 5 fractures of the greater trochanter/proximal 

femur that occurred at the index operation (Table 4) healed.

Patients requiring a 2-SE had more surgical interventions prior to the index operation

Thirty-nine hips out of 50 (78 %) in the 2-SE group versus three hips out of 22 

(14 %) in the 1-SE group had had previous surgery: they had more cup revisions 

for any reason (p < 0.01), more stem revisions for any reason (p = 0.01), more 

debridements for an (infected) hematoma (p < 0.01), and more trochanteric 

deficiencies (p < 0.05) (Table 1).

Risk factors for functional outcome 

For the multiple regression analysis, all patients were considered together as  

one group. Increased limping was associated with a deficient greater trochanter  

(p = 0.01) and the use of a BS-ring (p = 0.03). There was a trend towards increased 

use of walking support when a trochanteric osteotomy (p = 0.052) had been 

performed, when there was a deficient trochanter (p=0.054), or when there was 

a history of increased number of cup revisions (p=0.06). A 2-SE, undergoing a 

transfemoral osteotomy, the use of a Wagner stem, the use of a spacer, and a 

history of increased stem revisions did not influence functional scores.

Complications 

In the 2-SE group, two patients died shortly after the second operation as a result of 

an acute coronary heart disease and of pneumonia, respectively. In the 2-SE group 

there were more complications (p = 0.03), and a higher number of reoperations  

(p < 0.01) than in the 1-SE group (Table 4). 

Microbiological outcome 

Causative microorganisms are listed in table 5.  

None of the episodes in the 1-SE group and only one episode in the 2-SE group 

experienced a treatment failure. The relapse with the same bacteria required again 

a 2-SE of both components without a spacer, 8 months after index operation. 
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2-SE 1-SE Control

Number of hips (patients) 50 (48) 22 (21) 22 (22)

Number of perioperative complications   

   fracture greater trochanter 
   fracture/fissura proximal femur
   early death

3
2
2

1
3
0

1
1
0

Number of postsurgery complications, 
necessitating reoperation 
  
   hematoma 
   superficial wound infection 
   pintract infection
   dislocation of spacer
   dislocation of hip

17
1
1
1
6

1
0
/
/
0

2
0
/
/
0

   total number of reoperations 26 † 1 2

Hospitalization related

   trombo-embolic
   miscellaneous 

2
4

0
3

0
1

Table 4. Complications. † significant difference between the 2-SE group and the 1-SE/control group  

(p < 0.05, Mann–Whitney U test).

Pathogen 2-SE 1-SE Both 

groups (%)

Staphylococcus aureus 17 5 22 (28)

Coagulase-negative staphylococci (CoNS) 8 10 18 (23)

Viridans group streptococci 3 3 6 (8)

Beta-hemolytic streptococci 4 1 5 (6)

Gram-negative rods 5 3 8 (10)

Proprionibacterium acnes 3 0 3 (4)

Difficult-to-treat pathogens

   Pseudomonas aeruginosa
   Rifampin-resistent CoNS
   Enterococci
   MRSA
   Staphylococcus aureus  
      small-colony-variants 
   Abiotrophia adiacens

7
1
4
1
2

1

/
/
/
/
/

/

7 (9)
1 (1)
4 (5)
1 (1)
2 (3)

1 (1)

   Total number of pathogen cultured 56 22 78 (100)

Number of episodes with negative 
cultures

2 1 3 (4)

Number of polymicrobial episodes 8 2 10 (14)

Table 5. Causative microorganisms
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Discussion
The main goals in the treatment of PHJI are to eradicate infection and to restore 

the functional integrity of the limb. Patient satisfaction after hip surgery is highly 

influenced by the functional result9,  but in surgical treatment strategies reported 

for infection, functional results are rarely investigated19-22. Here, we have 

extensively analyzed the functional and radiological outcome of three pathways  

of an established algorithm for PJI, namely 1-SE, 2-SE with spacer and 2-SE  

without a spacer. 

One limitation of the present study is that preoperative scores were not available. 

However, since many patients have had previous surgery and complaints due 

to an infection, such an assessment would most likely be unreliable. Another 

possible drawback is the use of various implants which might have influenced the 

functional results. However, in revision surgery, the variability in the local situation 

is significant, requiring an individual choice of the implant. In our surgical strategy, 

the choice of implant and technique is entirely dictated by the bony situation and 

by the surgeon’s preference rather than by the presence of infection. 

An important feature of the technique we use is the safe removal of components, 

which can be achieved by a transfemoral osteotomy, e.g., as described by Wagner 

and Wagner13. In this series, such osteotomy was performed in 34 episodes (36%) 

out of the total of 94 revisions. In the 72 episodes of PHJI, it was used in 27 

episodes (38%) and particularly for an infected patient, the possibility to perform 

a thorough debridement is an additional advantage. This technique, did not lead 

to  a significant number of relapses, periprosthetic fractures, or non-unions. In 

combination with this osteotomy, we mainly used the uncemented Wagner SL 

stem. Frequent subsidence of this stem, as previously reported12,23,24, was not 

a problem in our series and accounted for 2 revisions. Acetabular defects were 

treated with reinforcement or antiprotrusio rings16,25. In our study, the incidence 

of loosening of acetabular and femoral components was low and similar to that of 

identical implants used in aseptic revision surgery with equal durations of follow-

up.26-28. However, it is important to acknowledge that these follow-ups have to be 

considered as medium term.

The traditional treatment concept for PHJI is a 2-SE (with or without spacer) with an 

up to 6 month interval21,29-36. Only recently has 1-SE have been advocated7,22,37-41. 

The advantages of 1-SE include lower perioperative morbidity, a shorter hospital 

stay, lower costs,1 and earlier rehabilitation42. Yet, a higher recurrence rate has 

been suspected38,39. 

Because our surgical technique was not influenced by the presence of infection, 

case-matching for 1-SE could be readily performed. In patients who were selected 

for 1-SE according to our algorithm, we found no differences in functional or 

radiological outcome, or in the number of revisions as compared to revisions 

without infection. In a report of 31 1-SE due to PHJI, the mean HHS was 75 after 

3.5 years43. In a recent meta-analysis of 24 studies of aseptic revisions, a mean 

HHS of 81.5 after a mean follow-up of 4 years was found8. Our results are more 

favourable and may be explained by the design of the algorithm that selects the 

less complex cases that usually have no compromised soft tissues or bone stock.  

Our criteria for ‘surgical decision making’ select a less complex subpopulation of 

infected cases, suitable for 1-SE, in which not only infection is eradicated, but also 

functional and radiological outcome is similar to revision due to aseptic loosening. 

On the other hand, our treatment protocol selects the more complex cases for a 

2-SE. The HHS (80 in 2-SE versus 84 in 1-SE) and other functional scores were still 

at a high level and not significantly different compared to a 1-SE. However, a HHS 

with a difference of 4 points may be enough to be clinically important44, which is 

conceivable in our study due to complexity of the 2-SE cases. Still, our results are 

comparable to those of the literature, since HHS after 2-SE have been reported to 

range between 78 and 9119,21. However, in these studies, all PHJI were treated with 

a 2-SE approach, including less complex cases which are considered suitable for 

1-SE according to our algorithm. In contrast, our 2-SE episodes consisted of only 

cases with moderately or severely damaged soft-tissue, or with the involvement 

of a difficult-to-treat microorganism, and the higher number of previous surgery 

reflects the more complex preoperative condition. Yet, a comparison between 

studies would be difficult due to the variability in patient co-morbidity, number 

of previous (revision) surgeries, different length of follow-up and rate of re-

infection.15,42,45,46 
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Difficult-to-treat microorganisms are even more difficult to eradicate in the 

presence of an implant. The main problem is the lack of an antimicrobial 

agent with activity on a surface adhering micro-organism and with good oral 

bioavailability. Therefore, the recommendation is the vigorous removal of all 

foreign material. We consequently avoided the use of a spacer in the presence 

of difficult-to-treat bacteria in order to prevent bacterial adherence to the newly 

inserted foreign device. It is commonly accepted that a spacer maintains functional 

mobility and makes re-implantation easier20,47, moreover, the risk of hematoma 

in the dead space is diminished. Therefore, we preferred the use of a spacer in 

absence of a difficult-to-treat microorganism.

Patients who needed a 2-SE were mostly referred, and they had had more previous 

surgeries with the accompanying potential of damage the abductor system. Indeed, 

a higher incidence of greater trochanter deficiency was found in the 2-SE group. 

The increased use of BS-rings in the 2-SE group reflected the higher number of 

previous cup revisions and the more extensive bone defects. 

Multiple regression analysis showed that trochanter deficiency and the use of a 

BS ring had an increased risk for limping. Whereas the presence of a deficient 

trochanter by impairment of the abductor apparatus can explain this finding, 

this is less clear for the presence of a BS-ring. It could be hypothesized48 that the 

exposure of the ileum might have damaged the anterior part of glutaeus medius 

muscle or even the superior gluteal nerve49,50. But patients with the BS-ring also 

had a more complex situation, and in 6 of the 14 patients with a deficiency of the 

greater trochanter a BS-ring has been implanted. Therefore, whether limping can be 

attributed solely to this type of ring remains questionable.

Not surprisingly, the more complex patients treated with a 2-SE experienced more 

complications than those who underwent a 1-SE. This can be partially explained by 

the high rate of previous surgery, the condition of the soft tissue prior to the index 

operation, and the more extended surgery.

To summarize, 1-SE was more frequently possible in our own than in the referred 

cases. Most of the episodes requiring a 2-SE had had previous surgery on the hip, 

hence presented with already compromised soft-tissue. We hypothesize that some 

of these cases could have been treated with a 1-SE a priori, instead of multiple 

unsuccessful trials of implant retention, ultimately resulting in 2-SE. In this series it 

has been shown that if the correct patient population is selected, 1-SE has a high 

cure-rate for infection, as was shown in previous reports6,7,22. Moreover in 1-SE, 

we used the same surgical technique as in case of aseptic loosening and found 

almost identical functional and radiological outcomes. The use of a transfemoral 

osteotomy, as well as a 2-SE were not per se risk factors for a worse functional 

result. In contrast, a history of frequent acetabular revision with the subsequent 

need for large(r) acetabular rings, and the presence of a deficient greater trochanter 

at presentation, were both associated with a compromized functional outcome. 

In conclusion, correct surgical strategy for PHJI should be defined early in order to 

avoid treatment failures and potential impairment of the functional outcome. In this 

study, strict adherence to the treatment algorithm provided a high rate of cure for 

PHJI while maintaining good functional mobility.
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