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Restoration of the hip geometry 
after two‑stage exchange 
with intermediate resection 
arthroplasty for periprosthetic joint 
infection
Jan Hubert1,2*, Frank Timo Beil1,2, Tim Rolvien2, Christian Ries2, Stephan Frosch1, 
Dominik Saul1,3 & Thelonius Hawellek1,2

Two‑stage exchange with intermediate resection arthroplasty (RA) is a well‑established surgical 
procedure in the treatment of chronic periprosthetic joint infection (PJI), whereby a higher failure rate 
of final hip geometry restoration due to tissue contraction is controversially discussed. The aim was 
to evaluate radiographic changes of hip geometry parameters during PJI treatment and to determine 
the impact of the intermediate RA on the final joint restoration after reimplantation of a total hip 
arthroplasty (reTHA). Radiographic parameters (leg length (LL), femoral offset (FO), horizontal/
vertical acetabular center of rotation distance (h/vCORD)) of 47 patients (mean age: 64.1 years) 
were measured on standard radiographs of the pelvis and compared between four different stages 
during PJI treatment (pre‑replacement status (preTHA), primary total hip arthroplasty (pTHA), RA 
and reTHA). The RA duration (mean: 10.9 months) and the number of reoperations during this period 
(mean: n = 2.0) as well as their impact on hip geometry restoration were evaluated. Between preTHA 
and pTHA/reTHA an equivalent restoration was measured regarding the FO (p < 0.001/p < 0.001) and 
hCORD (p = 0.016/p < 0.001), but not regarding the LL and vCORD. In contrast, analysis revealed 
no influence of RA and an equivalent reconstruction of LL (p = 0.003), FO (p < 0.001), v/hCORD 
(p = 0.039/p = 0.035) at reTHA compared to pTHA. Furthermore, RA duration (p = 0.053) and the 
number of reoperations after RA (p = 0.134) had no impact on radiographic hip geometry restoration. 
The two‑stage exchange with intermediate RA does not alter the preexisting hip joint parameters, 
whereby a good restoration of the final hip geometry, independent of the duration or the number of 
reoperations, can be achieved.

Periprosthetic joint infection (PJI) is a severe complication after primary total hip arthroplasty (pTHA) 
and occurs up to 1% of the  cases1–4. PJI treatment can necessitate multiple operations with a long period of 
 disability5,6, resulting in an enormous socioeconomic  burden2. Although failure rates are high, the current gold 
standard for PJI treatment is a two-stage  revision7,8. There is a consensus that one-stage revision is valuable, if 
a single, non-multidrug-resistant infecting microorganism is preoperatively identified and effective antibiot-
ics are  available7. In contrast, relative contraindications are the presence of a sinus tract or severe soft-tissue 
 involvement7. However, in most cases a two-stage exchange is  favored9–11, with success rates of eradication of 
over 80%12–15. The first part of this procedure includes the removal of all prosthetic components including cement 
residue, surgical sutures and other artificial materials. Subsequently followed by an extensive debridement, an 
intermediate resection arthroplasty (RA)16 or the placement of a temporary, antibiotic-loaded cement-spacer 
can be performed in the prosthesis-free interval before reimplantation. Although an equal infection control is 
described for both  methods17,18, the use of an intermediate cement-spacer can improve the functional outcome 
by preserving the leg length as well as patients’ mobility in the interim  period17,19, whereby a tissue contraction 
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could be  prevented9,14,19. Typical disadvantages are the occurrence of acetabular defects (which require a complex 
reconstruction or special implants), dislocation and migration of the spacer to the pelvis, but also fractures of 
the spacer as well as femoral fractures during spacer  removal18,20–22. In addition, recent studies showed a persis-
tent infection due to the adherence of microorganisms on the spacer as microbiological colonization could be 
confirmed by sonication in up to 50% after  explantation23,24.

Complications reported to be associated with RA are (1) a difficult identification of intraoperative landmarks 
during reimplantation of a THA (reTHA) due to cicatricial retraction and muscular  contractures25, (2) a disuse 
osteoporosis, which can impair the mechanical conditions for sufficient prosthesis fixation or can predispose 
to  fractures26 and (3) a change of postoperative hip geometry, as leg length discrepancy (LLD) was frequently 
 reported25,27.

To provide the best functional outcome for the patient, the main goal of primary and revision arthroplasty 
is to restore the anatomical and biomechanical conditions of the hip joint. Considering that these conditions 
are fully dissolved after RA, a reimplantation can be technically challenging concerning the restoration of hip 
joint geometry, especially the acetabular center of rotation (COR), leg length (LL) and femoral offset (FO)28,29. 
The restoration of hip geometry is influenced by the intraoperative periarticular tissue release but also by the 
accuracy of component positioning, which has an essential impact on  muscle30–35 and hip  function36–40, stabil-
ity of the  joint34,35 as well as the durability of the implanted  components30,41–46. Therefore, special attention has 
to be given to a perfect positioning of the prosthesis components to the individual predefined anatomical and 
biomechanical conditions.

To our knowledge, only a few studies analyzed the restoration of radiographic parameters of hip joint geom-
etry in patients who underwent a two-stage procedure with intermediate RA. Although they reported that the 
enormous preexisting LLD during RA could be significantly reduced after  reTHA27,29, until today, further param-
eters like COR or FO, which can also influence the hip geometry and function, have not been analyzed. Moreover, 
there is no information regarding the reconstruction of hip geometry in dependence of RA duration, especially 
for LL and FO. It is assumed that RA leads to tissue contraction, however, studies that prove this hypothesis are 
missing and there is no information if RA duration can influence an adequate hip geometry restoration. Further 
information lacking in the literature is, if the number of reoperations during RA, which are frequently required, 
can promote tissue contraction and have a significant impact on hip joint restoration.

The final unknown fact is, if the initial pre-replacement “healthy” hip geometry (preTHA) has already been 
changed after primary THA. In the literature, only the final hip geometry was analyzed after reTHA, but it is 
conceivable that the pre-replacement LL, FO and COR could already be changed after primary THA. In order 
to make an accurate statement about the influence of RA on the final parameters after reTHA, the knowledge 
about the radiographic changes after primary THA is essential.

Therefore, the goal of this study was to analyze the quality of hip joint restoration based on radiographic 
parameters (COR, LL and FO) by standardized X-Rays in patients who underwent a two-stage exchange with 
intermediate RA in comparison to the initial pre-replacement hip joint and the hip geometry after pTHA. Fur-
thermore, we evaluated if the duration of the applied RA or the number of reoperations before final reTHA have 
an impact on the radiographic hip joint restoration.

Patients and methods
This retrospective study was approved by the local Ethics Committee (approval no. 22/12/17) and was carried 
out according to existing rules and regulations of the University Medical Center Göttingen.

Study cohort. 47 patients (n = 23 female and n = 24 male, mean age at time of RA: 64.1 years, SD ± 12.9, range 
41–88) with primary chronic periprosthetic hip joint infection, who underwent a surgical two-stage exchange 
with intermediate RA between 2000 and 2016 were included in this retrospective study. The diagnosis of PJI 
included a combination of clinical findings, serologic markers, synovial fluid analysis, microbiological analysis 
and radiographic diagnostics. The surgery was performed by different, but experienced senior orthopedic sur-
geons in a single institution. The acetabular and femoral bone defects according to the Paprosky  classification47,48 
were classified prior to reimplantation (Table 1) and the chosen implants were specifically selected to the indi-
vidual anatomical and biomechanical conditions of the patient, as special attention was given to a perfect posi-
tioning of the components.

In addition, the implant type was adapted to the extent of acetabular and/or femoral bone defects. The 
acetabular defects were treated in type I: with standard acetabular components, in type II: with standard/jumbo 
acetabular components or reinforcement cages and in type III: with reinforcement cages. The femoral defects 
were treated in type I–II: with standard or long femoral monoblock stems and in type III–IV: with long mono-
block or modular revision stems.

Reimplantation was only performed when (1) the wound and infection had completely healed and (2) the 
patient’s general condition was suitable. In some cases, due to the patient’s poor condition, surgery could only 
be performed several months later.

Patients with bilateral THA were excluded from this study. Only patients with standardized radiographic 
images of the pelvis at four different stages during PJI treatment (1. pre-replacement (preTHA), 2. after primary 
total hip arthroplasty (pTHA), 3. after RA and 4. after reimplantation of a THA (reTHA)) were included in this 
study.

The RA duration (mean: 10.9 months, SD ± 11.9, range: 1.8–73.1) and the number of reoperations (mean: 
n = 2.0, SD ± 2.0, range: 0–8) during this period were registered. Reoperations during the RA period were per-
formed in cases of persistent infection or wound healing disorders. The biometric data of the patients are listed 
in Table 1.
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Radiographic measurements. Standardized radiographs of the pelvis with a reference ball of 25 mm in 
anteroposterior direction were analyzed. Each radiographic image was centered on the pubic symphysis (equal 
size of the obturator foramens) and included both proximal femora. For each patient four different radiographic 

Table 1.  The biometric data of the study population. M male F female RA resection arthroplasty pTHA 
primary total hip arthroplasty reTHA reimplantation of THA.

Patient Sex Age at RA [y]

Duration (days) between
Number (n) of 
reoperations Bone defects

pTHA and RA RA and reTHA After RA After reTHA Acetabular Femoral

1 M 63 1271 363 2 2 3 –

2 M 78 381 287 1 – 1 –

3 M 46 1182 82 1 3 2 1

4 M 68 629 163 1 – 1 –

5 M 41 4174 123 – – 2 –

6 F 65 5103 2193 7 – 1 –

7 F 46 5215 119 – – 2 2

8 F 52 5906 308 5 1 2 2

9 F 65 3832 195 1 – 1 –

10 M 76 2220 125 3 1 – 2

11 M 45 406 761 – – – –

12 F 65 3278 509 3 1 1 –

13 F 76 377 90 – – 1 –

14 F 57 978 56 – – 1 –

15 F 75 1875 70 1 – 1 –

16 M 44 2735 293 1 2 2 –

17 M 65 689 219 1 – 1 1

18 F 77 464 106 2 1 2 1

19 F 81 6629 118 – – 1 1

20 M 72 827 464 8 1 1 –

21 M 75 328 392 3 – – –

22 F 56 3437 375 3 – 1 2

23 F 67 1427 415 1 – 3 2

24 F 61 3893 79 – – 3 1

25 F 66 786 889 6 1 1 –

26 F 56 551 588 4 – 1 –

27 F 51 5430 101 – – 3 2

28 M 74 1502 440 2 – 1 –

29 M 65 597 302 2 1 2 –

30 M 64 797 55 1 – – –

31 M 55 245 270 3 – 2 –

32 M 71 338 112 – 1 1 –

33 F 56 1037 315 2 – – –

34 F 56 8939 140 2 – 1 –

35 F 88 3374 272 2 1 – –

36 M 80 4899 494 5 2 2 –

37 F 82 3183 398 6 1 – 3

38 F 57 596 87 2 – – –

39 M 86 534 72 1 – 1 –

40 M 47 820 67 – 1 1 –

41 F 48 912 88 1 – 1 –

42 M 49 939 172 2 1 – –

43 F 59 877 784 3 2 2 –

44 M 80 2952 823 5 1 1 2

45 M 47 634 254 1 – 1 –

46 M 74 1819 180 – 1 – 2

47 M 84 1790 740 2 1 – –
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parameters (leg length (LL), femoral offset (FO), horizontal and vertical acetabular center of rotation distance 
(hCORD, vCORD)) were measured [in mm] in the same manner as previously  published49 at four different 
stages during PJI treatment (Fig. 1). The radiographic parameters after pTHA and reTHA were evaluated on 
the first postoperative standardized radiographs. The initial pre-replacement status of the hip was recorded 
before pTHA and the RA parameters of the hip were determined on the radiographs immediately before reTHA. 
The measurements were performed on high-resolution monitors with diagnostic PACS (Picture Archiving and 
Communication System, Centricity PACS, General Electric Company Healthcare Systems) by two independent 
observers who were blinded to the other results.

Statistical analysis. The biometric data of the patients are reported as mean values ± standard deviations (SD). 
Group comparisons were conducted by Wilcoxon rank-sum or Kruskal–Wallis test. P-values less than 0.05 were 
considered statistically significant. In our analysis, a significant p-value means equivalence between the meas-
urements and a sufficient restoration of the radiographic parameters, whereas non-significant p-values mean the 
two measurements are not equivalent (insufficient restoration of the radiographic parameters). Pearson’s r and 
Kendall’s tau correlation coefficients were calculated. Backward variable selection was applied to multiple linear 
regression models in order to assess the effect on the difference between preTHA and pTHA/reTHA as well as 
between pTHA and reTHA. Furthermore, the impact of the duration between RA and reTHA and the number 
of reoperations during this period on the radiographic parameters of reTHA was evaluated in this model. The 
significance level was set to alpha = 5% for all statistical tests. A p-value less than 0.05 was considered statistically 
significant. In case of multiple testing, raw p-values were adjusted by the Bonferroni-Holm method. All analyses 
were performed with the statistic software R (version 3.4.0)50.

Figure 1.  Standardized radiographs of the pelvis demonstrating the technique for measurement of the different 
radiographic parameters (leg length (LL), femoral offset (FO), horizontal and vertical acetabular center of 
rotation distance (hCORD, vCORD)) during PJI treatment [in mm]. LL (blue line) was measured as the length 
between the interteardrop line and the lesser trochanter. FO (yellow line) was measured as the length between 
the teardrop and the lesser trochanter. The vCORD and hCORD (red lines) were measured as the length 
between the teardrop and the center of rotation (COR).
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Results
Change of the radiographic parameters of hip geometry during PJI treatment. The changes 
of the evaluated radiographic parameters at different stages during PJI treatment are shown in Table 2 and in 
Fig. 2A–D.

Leg length (LL) [in mm]. The final LL after reTHA was not equivalent (p = 0.51) in comparison to the initial 
preTHA LL with a mean reduction of 8.3  mm, 95%-CI [5.3, 11.3]) (Fig.  2A). However, a LL difference was 
already measured after pTHA with a mean LL reduction of 6.3 mm, 95%-CI [2.6, 9.9]) and was also not equal to 
the initial preTHA LL (p = 0.19).

In contrast, comparing the radiographic LL between pTHA and reTHA, statistical analysis revealed no influ-
ence of the applied RA and an equivalent restoration (p = 0.003) with a marginal mean reduction of 2.0 mm 
(95%-CI [− 1.6, 5.6]) after reTHA.

Femoral offset (FO) [in mm]. The final FO after reTHA was equivalent (p < 0.001) to the initial preTHA with 
a mean reduction of 2.7  mm, 95%-CI [0.8, 4.7] (Fig.  2B). An equivalent FO restoration (p < 0.001) was also 
detected between preTHA and pTHA (mean reduction: 1.2 mm, 95%-CI [− 0.7, 3.1]).

Comparing the radiographic FO between pTHA and reTHA, an equivalent restoration was achieved after 
RA (p < 0.001), with a marginal mean reduction of 1.5 mm, 95%-CI [− 0.5, 3.5]. Therefore, the applied RA did 
not alter the restoration of the FO.

Horizontal center of rotation distance (hCORD) [in mm]. The mean hCORD after RA was not measured at 
this stage. In comparison to preTHA, statistical analysis revealed an equivalent hCORD restoration after pTHA 
(mean decrease of 1.6 mm, 95%-CI [− 0.3; 3.5], p = 0.016) but also after reTHA (mean increase: − 0.2 mm, 95%-
CI [− 2.0, 1.6], p < 0.001) (Fig. 2C). Here again, the applied intermediate RA did not alter the restoration of the 
hCORD, whereby nearly equivalent values were registered between pTHA and reTHA (p = 0.035) with a mean 
increase of − 1.8 mm (95%-CI [− 3.7, 0.2]).

Vertical center of rotation distance (vCORD) [in mm]. The mean vCORD after RA was not evaluated at this 
stage. A change of the vCORD (mean increase: − 7.3 mm, 95%-CI [− 9.0, − 5.6]) was observed after reTHA and 
was not equivalent to the preTHA (p = 1) (Fig. 2D). This observation was already registered after pTHA (mean 
increase: − 6.1  mm, 95%-CI [− 8.5, − 3.6]) and was also not equivalent in comparison to the initial preTHA 
(p = 1). In contrast, comparing the radiographic status between pTHA and reTHA, statistical analysis revealed 
no influence of the applied RA and an equivalent restoration of vCORD (p = 0.04) with a marginal increase of 
mean 1.2 mm, 95%-CI [− 3.6, 1.2]).

RA duration and reoperations: impact on the restoration of LL and FO. Based on the fact that 
tissue contraction is generally a time dependent process, the duration of the applied RA until reTHA was regis-
tered. Furthermore, the number of reoperations, which can also influence tissue contraction due to formation 
of scar tissue was evaluated. The impact on the restoration of LL and FO (as dependent variables) was evaluated 
with a multiple linear regression model. The mean RA duration was 10.9 months (SD ± 11.8, range 1.8–72.1) 
and the mean number of reoperations during RA period was n = 2.0 (SD ± 2.0, range 0–8). The multiple linear 
regression model revealed no impact of RA duration or the number of reoperations on the restoration of LL 
(p = 0.97/p = 0.35) or FO (p = 0.32/p = 0.75) (Table 3).

Discussion
In this retrospective study, the quality of hip joint geometry restoration based on radiographic parameters 
was analyzed after two-stage exchange with intermediate RA at different stages during PJI treatment. The RA 
duration and the number of reoperations during this period as well as their impact on the final hip geometry 
restoration were evaluated.

The main goal of primary and revision arthroplasty is to achieve a perfect restoration of the anatomical and 
biomechanical conditions of the hip joint to ensure an adequate muscle and hip  function30–40, a sufficient joint 
 stability34,35 and to provide the best functional outcome, which can positively influence the durability of the 

Table 2.  Radiographic parameters (mean ± SD) [in mm] of hip geometry at different stages during PJI 
treatment.  LL leg length FO femoral offset h/vCORD horizontal/vertical center of rotation distance preTHA 
pre-replacement status pTHA primary total hip arthroplasty RA resection arthroplasty reTHA reimplantation 
of THA.

preTHA pTHA RA reTHA

Mean SD Mean SD Mean SD Mean SD

LL 46.4  ± 8.7 40.2  ± 14.8 − 7.7  ± 15.3 38.1  ± 13.2

FO 49.9  ± 6.5 48.7  ± 8.4 52.9  ± 8.0 47.2  ± 6.7

hCORD 37.8  ± 5.7 36.2  ± 8.5 38.0  ± 7.6

vCORD 16.4  ± 3.3 22.5  ± 10.7 23.7  ± 7.5
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 implants30,41–46. The restoration of the hip joint geometry after RA is surgically challenging and the reimplantation 
can be technically  sophisticated25–27. Recent studies reported that RA leads to tissue contraction due to cicatricial 
retraction and muscular  contractures25,27,29, while an insufficient restoration of the leg length was reported after 
 reimplantation20,27,29,51. Further parameters like COR or FO, which can also influence the geometry, have not 
been analyzed until today.

Figure 2.  Box plots showing changes of the radiographic parameters (LL leg length FO femoral offset h/
vCORD horizontal/vertical center of rotation distance) [mean difference in mm] of the hip geometry at different 
stages during PJI treatment (preTHA pre-replacement status pTHA primary total hip arthroplasty reTHA 
reimplantation of THA).



7

Vol.:(0123456789)

Scientific Reports |         (2021) 11:5221  | https://doi.org/10.1038/s41598-021-84692-x

www.nature.com/scientificreports/

Although a significant change of the hip geometry (especially LL and FO) was also observed in our study 
cohort after the RA period, in contrast to the above-mentioned studies our results indicate that a sufficient 
restoration of the final hip joint geometry (all measured radiographic parameters: FO, h/vCORD and LL) can 
be achieved after reimplantation. Considering the fact that PJI is a severe complication, which requires a time-
consuming therapy with an extensive surgical repair, we observed only minor changes of the geometry after 
reimplantation in comparison to the initial pre-replacement status of the hip joint. The extensive leg length 
discrepancy (LLD) after RA (mean LLD: 54.1 mm) was significantly reduced after reimplantation (mean LLD: 
8.3 mm), while this observation is consistent with the previously published results showing a LLD reduction 
from 46.4 to 7.9 mm after  reimplantation27. Certainly, a LLD is frequently described as a source of patients` 
 dissatisfaction38,39, but a LLD less than 10 mm is reported to be well tolerated by  patients40,52.

We have also observed a significant change of the hip alignment after the RA period, with a mean FO increase 
of 3 mm (+ 6%). After reimplantation, the hip joint was realigned and a slight difference with a FO reduction of 
2.7 mm (− 5.5%) was observed in comparison to the initial pre-replacement status of the hip joint. In general, 
studies reported that changes of the preexisting anatomical FO of about 15% can cause a limp, require the use of a 
walking aid and induce instability of the hip  joint34,35. The observed changes of the FO in our study were consider-
ably lower. In summary, a sufficient restoration of the LL as well as of the FO was reached after reimplantation.

Due to the fact that LL and FO changes can also result from a malposition of the femoral or/and acetabular 
component, the restoration of the horizontal and vertical acetabular center of rotation distance (h/vCORD) 
was evaluated. The position of the acetabular cup determines the COR of the hip joint. The consequences of 
implant malposition can include increased wear with higher component  loosening30,42–46 and impaired muscle 
 function30–33 resulting in poor functional  outcome36,37. It has been reported that a cranialization of the COR of up 
to 13 mm and a medialization of 7.5 mm have no clinical  consequence53. Other studies reported that a vCORD 
more than 20 mm does not affect the functional outcome, the range of motion or abductor muscles  tension33,54, 
but is associated with an increased risk of aseptic loosening and should be  avoided55,56. In our study, a COR 
cranialization within an acceptable  range57 of 7.3 mm was registered in comparison to the initial vCORD of the 
pre-replacement hip joint. Furthermore, we could show a good restoration of hCORD (increase of 0.2 mm), 
while an optimal restoration of ± 5 mm is described in the  literature36,55,58. The observed COR cranialization 
and lateralization is due to the acetabular reconstruction with individually selected implanted components in 
dependence of the occurring defect during PJI treatment.

In summary, the various radiographic parameters of the hip joint geometry were not influenced by two-stage 
exchange procedure with intermediate RA and an adequate restoration was observed after reimplantation.

Even though all measured radiographic parameters were within the normal range after reimplantation, devia-
tions, especially regarding the LL and the vCORD, were registered compared to the initial pre-replacement 
parameters of the hip joint. After reimplantation we found a difference regarding the LL (mean reduction of 
8.3 mm) and the vCORD (mean increase of 7.3 mm), but not regarding the FO or the hCORD. This difference 
may be due to the two-stage exchange procedure with intermediate RA, but in order to make an accurate state-
ment about the impact of RA on the final hip geometry restoration after reimplantation, the knowledge of previ-
ous radiographic changes between preTHA and primary total hip arthroplasty (pTHA) is essential.

Interestingly, the above-mentioned differences of the LL and the vCORD after reTHA were already registered 
after pTHA with a mean LL reduction of 6.3 mm and a mean vCORD increase of 6.1 mm. This new aspect high-
light that the radiographic parameters were not significantly influenced by the two-stage exchange procedure 
with intermediate RA while they have been previously changed after pTHA. The changes after pTHA are also 
reflected on the exemplary standardized radiographic images in Fig. 1.

Finally, the analysis of the radiographic parameters between the preexisting hip geometry after pTHA and 
the final reTHA showed an equivalent reconstruction with a negligible difference (LL: reduction of 2.0 mm, 
FO: reduction of 1.5 mm, hCORD: increase of 1.8 mm, vCORD: increase of 1.2 mm). These novel and partially 
unexpected data suggest that RA temporarily alters the radiographic parameters, but finally, has no impact on 
the restoration of the hip geometry after reimplantation.

Furthermore, the restoration of the FO and the LL was also independent of RA duration. The mean RA dura-
tion of 10.9 months (range: 1.8–72.1) in our study is presumably long enough that muscle and tissue contraction 
can be developed. However, our observation is in line with the results by Garcia-Rey et al. who showed a reduc-
tion of the leg length discrepancy to 7.9 mm after  reimplantation27, although they examined a longer RA duration 
(mean: 39 months, range: 12–216). The important aspect that the final geometry restoration is independent of 
RA duration clarifies that PJI eradication can be accomplished without time pressure, while the occurring tissue 
contraction has to be addressed and surgically released during reimplantation. In contrast, Sigmund et al. showed 
that an increase of the RA duration resulted in an increase of the leg length discrepancy after reimplantation 

Table 3.  Multiple linear regression model. Dependent variables (LL and FO) and independent variables 
(RA duration and number of reoperations before reTHA). LL leg length FO femoral offset RA resection 
arthroplasty reTHA reimplantation of THA.

Independent variables

LL FO

Estimate p-value Estimate p-value

RA duration − 0.0003 0.97 − 0.004 0.32

Number of reoperations 1.467 0.35 − 0.2466 0.75
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(RA duration < 10 weeks: median LLD of 13 mm, range: 10–20 mm) and RA duration > 10 weeks: median LLD 
of 20 mm, range: 10–35 mm)51. A perfect restoration of the final hip geometry depends on a sufficient surgi-
cal periarticular tissue release. Furthermore, femoral as well as acetabular defects have to be addressed during 
reimplantation in combination with the use of specifically selected implants, which have to be adapted to the 
individual anatomical and biomechanical conditions of the patient. One possible explanation for the difference 
to our results could be an insufficient intraoperative surgical release. Furthermore, they did not evaluate the 
COR, which can also influence the LL or their study population had a higher grade of femoral or acetabular 
bone defects. However, the relation between bone defects and the restoration of the LLD in dependence of the 
RA duration should be investigated in future studies.

Lastly, we assume that the number of reoperations (n = 2.0, range: 0–8), which are required in some cases, 
undoubtedly governs tissue contraction during RA period. However, a significant impact on the final hip geom-
etry could not be determined in our study population.

The present study has some limitations. Our study was only focused on the evaluation of radiographic param-
eters concerning the hip joint restoration. Therefore, we did not evaluate the final hip function after the two-stage 
exchange procedure. Incidentally, Schröder et al. concluded that the improvement in hip function following 
reimplantation was marginal and the results were comparable to a well-functioning  RA59. A further limitation 
was that we did not evaluate the amount of soft tissue damage or differences in the restoration of the radiographic 
parameters regarding the acetabular or femoral defect, but independent of the defect type we observed an 
adequate restoration of the final hip geometry. The study indicates that RA had no significant impact on the final 
geometry restoration of the hip joint. However, a subsequent prospective study powered to determine the effect 
of various parameters such as time with RA and re-operations would be needed to confirm our observations. 
Time intervals would need to be more defined for the time during RA (e.g. early conversion from RA: < 3 months, 
mid-term conversion: 3–6 months, 6–12 and > 12 month, with likely larger sample size to populate each interval.

Conclusion
Our data revealed a good restoration of the hip joint geometry after reimplantation, while two-stage exchange 
procedure with intermediate RA did not alter the preexisting radiographic hip parameters during PJI treat-
ment and had independent of RA duration or the number of reoperations no impact on the final hip geometry 
restoration.

Ethics approval. This study was approved by the local ethics committee (Ethik-Kommission der Univer-
sitätsmedizin Göttingen, approval no. 22/12/17) and was carried out according to existing rules and regulations 
of the University Medical Center Göttingen.

Informed consent.  Informed consent was obtained from all subjects.

Received: 11 November 2020; Accepted: 11 February 2021

References
 1. Zimmerli, W., Trampuz, A. & Ochsner, P. E. Prosthetic-joint infections. N. Engl. J. Med. 351, 1645–1654. https ://doi.org/10.1056/

NEJMr a0401 81 (2004).
 2. Kurtz, S. M. et al. Infection burden for hip and knee arthroplasty in the United States. J. Arthroplasty 23, 984–991. https ://doi.

org/10.1016/j.arth.2007.10.017 (2008).
 3. Pulido, L., Ghanem, E., Joshi, A., Purtill, J. J. & Parvizi, J. Periprosthetic joint infection: the incidence, timing, and predisposing 

factors. Clin. Orthop. Relat. Res. 466, 1710–1715. https ://doi.org/10.1007/s1199 9-008-0209-4 (2008).
 4. Merollini, K. M., Crawford, R. W., Whitehouse, S. L. & Graves, N. Surgical site infection prevention following total hip arthroplasty 

in Australia: a cost-effectiveness analysis. Am. J. Infect. Control 41, 803–809. https ://doi.org/10.1016/j.ajic.2012.11.015 (2013).
 5. Bozic, K. J. et al. Hospital resource utilization for primary and revision total hip arthroplasty. J. Bone Joint Surg. Am. 87, 570–576. 

https ://doi.org/10.2106/jbjs.d.02121  (2005).
 6. Segawa, H., Tsukayama, D. T., Kyle, R. F., Becker, D. A. & Gustilo, R. B. Infection after total knee arthroplasty. A retrospective study 

of the treatment of eighty-one infections. J. Bone Joint Surg. Am. 81, 1434–1445 (1999).
 7. Parvizi, J., Gehrke, T. & Chen, A. F. Proceedings of the international consensus on periprosthetic joint infection. Bone Joint J. 95-B, 

1450–1452, doi:https ://doi.org/10.1302/0301-620X.95B11 .33135  (2013).
 8. Leonard, H. A., Liddle, A. D., Burke, O., Murray, D. W. & Pandit, H. Single- or two-stage revision for infected total hip arthroplasty? 

A systematic review of the literature. Clin. Orthop. Relat. Res. 472, 1036–1042. https ://doi.org/10.1007/s1199 9-013-3294-y (2014).
 9. Matthews, P. C., Berendt, A. R., McNally, M. A. & Byren, I. Diagnosis and management of prosthetic joint infection. BMJ 338, 

b1773. https ://doi.org/10.1136/bmj.b1773  (2009).
 10. Gomez, M. M., Tan, T. L., Manrique, J., Deirmengian, G. K. & Parvizi, J. The fate of spacers in the treatment of periprosthetic joint 

infection. J. Bone Joint Surg. Am. 97, 1495–1502. https ://doi.org/10.2106/JBJS.N.00958  (2015).
 11. Langenmair, E. R., Konstantinidis, L., Sudkamp, N. P. & Helwig, P. Prosthetic Joint Infection after Total Hip Arthroplasty: Results 

of an Online Questionnaire about Current Diagnostic and Therapeutic Procedures in 107 German Hospitals. Z. Orthop. Unfall. 
155, 310–317. https ://doi.org/10.1055/s-0043-10009 8 (2017).

 12. Choi, H. R., Freiberg, A. A., Malchau, H., Rubash, H. E. & Kwon, Y. M. The fate of unplanned retention of prosthetic articulating 
spacers for infected total hip and total knee arthroplasty. J. Arthroplasty 29, 690–693. https ://doi.org/10.1016/j.arth.2013.07.013 
(2014).

 13. Stockley, I., Mockford, B. J., Hoad-Reddick, A. & Norman, P. The use of two-stage exchange arthroplasty with depot antibiotics 
in the absence of long-term antibiotic therapy in infected total hip replacement. J. Bone Joint Surg. Br. 90, 145–148. https ://doi.
org/10.1302/0301-620X.90B2.19855  (2008).

 14. Berend, K. R. et al. Two-stage treatment of hip periprosthetic joint infection is associated with a high rate of infection control but 
high mortality. Clin. Orthop. Relat. Res. 471, 510–518. https ://doi.org/10.1007/s1199 9-012-2595-x (2013).

 15. Oussedik, S. I., Dodd, M. B. & Haddad, F. S. Outcomes of revision total hip replacement for infection after grading according to 
a standard protocol. J. Bone Joint Surg. Br. 92, 1222–1226. https ://doi.org/10.1302/0301-620X.92B9.23663  (2010).

https://doi.org/10.1056/NEJMra040181
https://doi.org/10.1056/NEJMra040181
https://doi.org/10.1016/j.arth.2007.10.017
https://doi.org/10.1016/j.arth.2007.10.017
https://doi.org/10.1007/s11999-008-0209-4
https://doi.org/10.1016/j.ajic.2012.11.015
https://doi.org/10.2106/jbjs.d.02121
https://doi.org/10.1302/0301-620X.95B11.33135
https://doi.org/10.1007/s11999-013-3294-y
https://doi.org/10.1136/bmj.b1773
https://doi.org/10.2106/JBJS.N.00958
https://doi.org/10.1055/s-0043-100098
https://doi.org/10.1016/j.arth.2013.07.013
https://doi.org/10.1302/0301-620X.90B2.19855
https://doi.org/10.1302/0301-620X.90B2.19855
https://doi.org/10.1007/s11999-012-2595-x
https://doi.org/10.1302/0301-620X.92B9.23663


9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:5221  | https://doi.org/10.1038/s41598-021-84692-x

www.nature.com/scientificreports/

 16. Girdlestone, G. R. Acute pyogenic arthritis of the hip: an operation giving free access and effective drainage. Clin. Orthop. Relat. 
Res. 466(258–263), 2008. https ://doi.org/10.1007/s1199 9-007-0082-6 (1943).

 17. Marczak, D. et al. Two stage revision hip arthroplasty in periprosthetic joint infection. Comparison study: with or without the use 
of a spacer. Int. Orthop. doi:https ://doi.org/10.1007/s0026 4-017-3500-8 (2017).

 18. Jahoda, D. et al. [Two-stage reimplantation using spacers—the method of choice in treatment of hip joint prosthesis-related infec-
tions. Comparison with methods used from 1979 to 1998]. Acta Chir. Orthop. Traumatol. Cech. 70, 17–24 (2003).

 19. Langlais, F. Can we improve the results of revision arthroplasty for infected total hip replacement?. J. Bone Joint Surg. Br. 85, 
637–640 (2003).

 20. Cabrita, H. B., Croci, A. T., Camargo, O. P. & Lima, A. L. Prospective study of the treatment of infected hip arthroplasties with or 
without the use of an antibiotic-loaded cement spacer. Clinics (Sao Paulo) 62, 99–108 (2007).

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

 22. Petis, S. M. et al. Retained antibiotic spacers after total hip and knee arthroplasty resections: high complication rates. J. Arthroplasty 
32, 3510–3518. https ://doi.org/10.1016/j.arth.2017.05.053 (2017).

 23. Nelson, C. L., Jones, R. B., Wingert, N. C., Foltzer, M. & Bowen, T. R. Sonication of antibiotic spacers predicts failure during 
two-stage revision for prosthetic knee and hip infections. Clin. Orthop. Relat. Res. 472, 2208–2214. https ://doi.org/10.1007/s1199 
9-014-3571-4 (2014).

 24. Sorli, L. et al. The relationship between microbiology results in the second of a two-stage exchange procedure using cement spacers 
and the outcome after revision total joint replacement for infection: the use of sonication to aid bacteriological analysis. J. Bone 
Joint Surg. Br. 94, 249–253. https ://doi.org/10.1302/0301-620x.94b2.27779  (2012).

 25. Salvati, E. A., Chekofsky, K. M., Brause, B. D. & Wilson, P. D. Jr. Reimplantation in infection: a 12-year experience. Clin. Orthop. 
Relat. Res. 170, 62–75 (1982).

 26. Clegg, J. The results of the pseudarthrosis after removal of an infected total hip prosthesis. J Bone Joint Surg Br 59, 298–301 (1977).
 27. Garcia-Rey, E., Cruz-Pardos, A. & Madero, R. Clinical outcome following conversion of Girdlestone’s resection arthroplasty to 

total hip replacement: a retrospective matched case-control study. Bone Joint J. 96-B, 1478–1484, doi:https ://doi.org/10.1302/0301-
620X.96B11 .33889  (2014).

 28. Charlton, W. P., Hozack, W. J., Teloken, M. A., Rao, R. & Bissett, G. A. Complications associated with reimplantation after girdle-
stone arthroplasty. Clin. Orthop. Relat. Res. 407, 119–126 (2003).

 29. Dallari, D. et al. Total hip arthroplasty after excision arthroplasty: indications and limits. Hip Int. 21, 436–440 (2011).
 30. Abolghasemian, M. et al. Displacement of the hip center of rotation after arthroplasty of Crowe III and IV dysplasia: a radiological 

and biomechanical study. J. Arthroplasty 28, 1031–1035. https ://doi.org/10.1016/j.arth.2012.07.042 (2013).
 31. Asayama, I., Chamnongkich, S., Simpson, K. J., Kinsey, T. L. & Mahoney, O. M. Reconstructed hip joint position and abductor 

muscle strength after total hip arthroplasty. J. Arthroplasty 20, 414–420. https ://doi.org/10.1016/j.arth.2004.01.016 (2005).
 32. Delp, S. L. & Maloney, W. Effects of hip center location on the moment-generating capacity of the muscles. J. Biomech. 26, 485–499 

(1993).
 33. Delp, S. L., Wixson, R. L., Komattu, A. V. & Kocmond, J. H. How superior placement of the joint center in hip arthroplasty affects 

the abductor muscles. Clin. Orthop. Relat. Res, 137–146 (1996).
 34. Flecher, X., Ollivier, M. & Argenson, J. N. Lower limb length and offset in total hip arthroplasty. Orthop. Traumatol. Surg. Res. 102, 

S9-20. https ://doi.org/10.1016/j.otsr.2015.11.001 (2016).
 35. Sariali, E., Klouche, S., Mouttet, A. & Pascal-Moussellard, H. The effect of femoral offset modification on gait after total hip arthro-

plasty. Acta Orthop. 85, 123–127. https ://doi.org/10.3109/17453 674.2014.88998 0 (2014).
 36. Cassidy, K. A., Noticewala, M. S., Macaulay, W., Lee, J. H. & Geller, J. A. Effect of femoral offset on pain and function after total 

hip arthroplasty. J. Arthroplasty 27, 1863–1869. https ://doi.org/10.1016/j.arth.2012.05.001 (2012).
 37. Mahmood, S. S., Mukka, S. S., Crnalic, S., Wretenberg, P. & Sayed-Noor, A. S. Association between changes in global femoral offset 

after total hip arthroplasty and function, quality of life, and abductor muscle strength. A prospective cohort study of 222 patients. 
Acta Orthop. 87, 36–41, doi:https ://doi.org/10.3109/17453 674.2015.10919 55 (2016).

 38. Austin, M. S., Hozack, W. J., Sharkey, P. F. & Rothman, R. H. Stability and leg length equality in total hip arthroplasty. J. Arthroplasty 
18, 88–90. https ://doi.org/10.1054/arth.2003.50073  (2003).

 39. Maloney, W. J. & Keeney, J. A. Leg length discrepancy after total hip arthroplasty. J. Arthroplasty 19, 108–110 (2004).
 40. O’Brien, S., Kernohan, G., Fitzpatrick, C., Hill, J. & Beverland, D. Perception of imposed leg length inequality in normal subjects. 

Hip Int. 20, 505–511 (2010).
 41. Barrack, R. L. et al. Accuracy of acetabular component position in hip arthroplasty. J. Bone Joint Surg. Am. 95, 1760–1768. https 

://doi.org/10.2106/jbjs.l.01704  (2013).
 42. Karachalios, T., Hartofilakidis, G., Zacharakis, N. & Tsekoura, M. A 12- to 18-year radiographic follow-up study of Charnley low-

friction arthroplasty. The role of the center of rotation. Clin. Orthop. Relat. Res, 296, 140–147 (1993).
 43. Little, N. J., Busch, C. A., Gallagher, J. A., Rorabeck, C. H. & Bourne, R. B. Acetabular polyethylene wear and acetabular inclination 

and femoral offset. Clin. Orthop. Relat. Res. 467, 2895–2900. https ://doi.org/10.1007/s1199 9-009-0845-3 (2009).
 44. Sakalkale, D. P., Sharkey, P. F., Eng, K., Hozack, W. J. & Rothman, R. H. Effect of femoral component offset on polyethylene wear 

in total hip arthroplasty. Clin. Orthop. Relat. Res. 388, 125–134 (2001).
 45. Schmalzried, T. P. et al. The John Charnley Award. Wear is a function of use, not time. Clin. Orthop. Relat. Res. 381, 36–46 (2000).
 46. Bicanic, G., Delimar, D., Delimar, M. & Pecina, M. Influence of the acetabular cup position on hip load during arthroplasty in hip 

dysplasia. Int. Orthop. 33, 397–402. https ://doi.org/10.1007/s0026 4-008-0683-z (2009).
 47. Paprosky, W. G., Greidanus, N. V. & Antoniou, J. Minimum 10-year-results of extensively porous-coated stems in revision hip 

arthroplasty. Clin. Ortho. Relat. Res. 369, 230–242. https ://doi.org/10.1097/00003 086-19991 2000-00024  (1999).
 48. Paprosky, W. G., Perona, P. G. & Lawrence, J. M. Acetabular defect classification and surgical reconstruction in revision arthroplasty. 

A 6-year follow-up evaluation. J. Arthroplasty 9, 33–44, doi:https ://doi.org/10.1016/0883-5403(94)90135 -x (1994).
 49. Patel, S. R., Toms, A. P., Rehman, J. M. & Wimhurst, J. A reliability study of measurement tools available on standard picture 

archiving and communication system workstations for the evaluation of hip radiographs following arthroplasty. J. Bone Joint Surg. 
Am. 93, 1712–1719. https ://doi.org/10.2106/jbjs.j.00709  (2011).

 50. R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. 
2014. URL http://www.R-proje ct.org

 51. Sigmund, I. K. et al. Complications of resection arthroplasty in two-stage revision for the treatment of periprosthetic hip joint 
infection. J. Clin. Med. https ://doi.org/10.3390/jcm81 22224  (2019).

 52. Konyves, A. & Bannister, G. C. The importance of leg length discrepancy after total hip arthroplasty. J. Bone Joint Surg. Br. 87, 
155–157. https ://doi.org/10.1302/0301-620x.87b2.14878  (2005).

 53. Malik, A., Maheshwari, A. & Dorr, L. D. Impingement with total hip replacement. J. Bone Joint Surg. Am. 89, 1832–1842. https ://
doi.org/10.2106/jbjs.F.01313  (2007).

 54. Komiyama, K. et al. Does high hip center decrease range of motion in total hip arthroplasty? A computer simulation study. J. 
Arthroplasty 31, 2342–2347. https ://doi.org/10.1016/j.arth.2016.03.014 (2016).

 55. Liebs, T. R., Nasser, L., Herzberg, W., Ruther, W. & Hassenpflug, J. The influence of femoral offset on health-related quality of life 
after total hip replacement. Bone Joint J. 96-b, 36–42, doi:https ://doi.org/10.1302/0301-620x.96b1.31530  (2014).

https://doi.org/10.1007/s11999-007-0082-6
https://doi.org/10.1007/s00264-017-3500-8
https://doi.org/10.1016/j.arth.2017.05.053
https://doi.org/10.1007/s11999-014-3571-4
https://doi.org/10.1007/s11999-014-3571-4
https://doi.org/10.1302/0301-620x.94b2.27779
https://doi.org/10.1302/0301-620X.96B11.33889
https://doi.org/10.1302/0301-620X.96B11.33889
https://doi.org/10.1016/j.arth.2012.07.042
https://doi.org/10.1016/j.arth.2004.01.016
https://doi.org/10.1016/j.otsr.2015.11.001
https://doi.org/10.3109/17453674.2014.889980
https://doi.org/10.1016/j.arth.2012.05.001
https://doi.org/10.3109/17453674.2015.1091955
https://doi.org/10.1054/arth.2003.50073
https://doi.org/10.2106/jbjs.l.01704
https://doi.org/10.2106/jbjs.l.01704
https://doi.org/10.1007/s11999-009-0845-3
https://doi.org/10.1007/s00264-008-0683-z
https://doi.org/10.1097/00003086-199912000-00024
https://doi.org/10.1016/0883-5403(94)90135-x
https://doi.org/10.2106/jbjs.j.00709
http://www.R-project.org
https://doi.org/10.3390/jcm8122224
https://doi.org/10.1302/0301-620x.87b2.14878
https://doi.org/10.2106/jbjs.F.01313
https://doi.org/10.2106/jbjs.F.01313
https://doi.org/10.1016/j.arth.2016.03.014
https://doi.org/10.1302/0301-620x.96b1.31530


10

Vol:.(1234567890)

Scientific Reports |         (2021) 11:5221  | https://doi.org/10.1038/s41598-021-84692-x

www.nature.com/scientificreports/

 56. Hirakawa, K. et al. Effect of acetabular cup position and orientation in cemented total hip arthroplasty. Clin. Orthop. Relat. Res. 
388, 135–142 (2001).

 57. O’Brien, C. et al. The impact of trabecular metal on hip centre of rotation in revision and complex primary hip arthroplasty, a 
radiological review. Hip Int. 27, 500–504. https ://doi.org/10.5301/hipin t.50005 03 (2017).

 58. Dastane, M., Dorr, L. D., Tarwala, R. & Wan, Z. Hip offset in total hip arthroplasty: quantitative measurement with navigation. 
Clin. Orthop. Relat. Res. 469, 429–436. https ://doi.org/10.1007/s1199 9-010-1554-7 (2011).

 59. Schroder, J., Saris, D., Besselaar, P. P. & Marti, R. K. Comparison of the results of the Girdlestone pseudarthrosis with reimplanta-
tion of a total hip replacement. Int. Orthop. 22, 215–218 (1998).

Acknowledgements
We thank Xenia Schulz (Department of Medical Statistics, University Medical Center Göttingen, Germany) for 
statistical assistance and Prof. Dr. med. Wolfgang Lehmann (Department of Trauma Surgery, Orthopaedics and 
Plastic Surgery, University Medical Center Göttingen, Germany) for helpful discussions and support.

Author contributions
Conception and design of the study: J.H., F.T.B., T.H. Generation, collection of the data: J.H., S.F., D.S. Assembly, 
analysis and/or interpretation of the data: J.H., T.R., C.R., T.H. Drafting and revising the manuscript: J.H., F.T.B., 
T.H. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This research did not receive any specific grant 
from funding agencies in the public, commercial, or not-for-profit sectors.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.H.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2021

https://doi.org/10.5301/hipint.5000503
https://doi.org/10.1007/s11999-010-1554-7
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Restoration of the hip geometry after two-stage exchange with intermediate resection arthroplasty for periprosthetic joint infection
	Patients and methods
	Study cohort. 
	Radiographic measurements. 
	Statistical analysis. 


	Results
	Change of the radiographic parameters of hip geometry during PJI treatment. 
	Leg length (LL) [in mm]. 
	Femoral offset (FO) [in mm]. 
	Horizontal center of rotation distance (hCORD) [in mm]. 
	Vertical center of rotation distance (vCORD) [in mm]. 

	RA duration and reoperations: impact on the restoration of LL and FO. 

	Discussion
	Conclusion
	Ethics approval. 
	Informed consent. 

	References
	Acknowledgements


