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Abstract
Background: This study aims at investigating cup survival of porous tantalum revision cups and identifies risk
factors for failure.
Methods: We retrospectively reviewed 41 patients treated between 2010 and 2012. Main indications were aseptic
loosening in 83% and two-stage exchange after periprosthetic joint infection in 17% of cases. Mean follow-up
period was 72 months. Femoral megaprostheses were used in 13% of cases. Most defects were classified as
Paprosky 3b (29%). Function was assessed using the Harris Hip score.
Results: Aseptic cup survivorship was 80% at 104 months (95% Confidence Interval 67.4–92.4). Overall implant
survival was 73%. Major bone loss defects (Paprosky types 2c to 3b) were associated with a significantly higher rate
of failure than minor defects (P = 0.002). There were eight cases of aseptic loosening (19.5%) and two of infection
(4.9%). Previous surgeries, indication for acetabular revision, patient-related risk factors and use of megaprostheses
did not significantly influence implant survival. The Harris Hip Score improved from a median of 40 (Interquartile
range 31–45) to 82 (interquartile range 65–88) postoperative (P < 0.0001).
Conclusions: In summary, the use of porous tantalum metal implants in acetabular revision surgery achieves good
to excellent short- term and mid-term functional results and an acceptable complication rate relative to the extent
of defect and previous surgery. However, one should be aware of potential limitations of the implants in addressing
large defects and discontinuity.
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Background
Managing acetabular defects in total hip revision arthroplasty is a challenge for orthopaedic surgeons and demands careful implant selection. An ideal implant
should provide immediate primary stability and long
term bony ingrowth with reconstruction of hip anatomy
and biomechanics. There have been many different
treatment options as described in a recent review [1].
For smaller contained defects cementless revision cups
in combination with morcellised bone graft provide good
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long-term results [2, 3]. For larger defects the use of
structured bone grafts [4] has been well established and
jumbo cups [5] have provided excellent clinical results
with > 90% long term implant survival. Another common treatment option is the use of an antiprotrusion
cage like the Burch-Schneider cage that provides good
results [6, 7] in combination with cemented cups and
bone graft.
Highly porous metals like trabecular metal made out
of porous tantalum have several advantages over conventional cementless cups: higher volume porosity, freely
communicating pores, a higher coefficient of friction
against bone and lower bulk stiffness so that bony ingrowth is facilitated while preserving sufficient initial
stability without risk for resorption [8].
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The aim of this study is to assess the outcome after trabecular metal reconstruction for acetabular defects and to
discuss potential risk factors for failures with particular attention given to defect size and location.

Methods
Ethical approval was obtained prior to conducting the
study by the local institutional review board (No. 2017–
209-f-S). Trabecular metal implants were widely used in
our department by a single manufacturer between 2010
and 2012 for acetabular reconstruction.
A review of the institution’s database was carried out
to identify patients who underwent acetabular component revision between January 1, 2010 and December
31, 2012. Patients who underwent revision procedures
without the use of trabecular metal porous metal cup
components, or who were treated for an oncologic indication, or who had a follow-up period of less than 2
years were excluded. A total of 41 patients were identified using these criteria. The clinical course of treatment,
and failures that occurred during the follow-up period,
were recorded.
Definitions and surgical procedures

Aseptic loosening was diagnosed on the basis of clinical
and radiological findings. A previous joint aspiration was
carried out beforehand in all patients. Periprosthetic joint
infection (PJI) was diagnosed using the Musculoskeletal
Infection Society (MSIS) criteria [9] and treated using a
two-stage revision protocol with a minimum of 6 weeks of
antibiotics between stages. Postoperative treatment was
standardized with partial weight bearing for 6 weeks to
allow for osseous integration. Standard hip precautions to
prevent dislocation were applied.
Previous surgery was defined as an exchange of the acetabular cup prior to the implantation of a trabecular
metal cup. The patient’s previous medical and surgical
history was assessed to calculate the Charlson comorbidity score at the time of acetabular revision [10].
During the follow- up period, patients were generally
examined radiologically and clinically after 3 months 3
months and then annually in our outpatient clinic. Harris hip score [11] was obtained at the last follow-up visit
for patients with retained acetabular trabecular metal
implant. Patients with implant failure prior to completion of the rehabilitation who underwent early revision
surgery were not included in the assessment of functional results. Anteroposterior pelvic radiographs were
used to measure the vertical center of hip rotation [12,
13]. A high hip center was defined as being at least 35
mm above the interteardrop line [14]. Defects were classified in accordance with the Paprosky classification [15]
based on radiographic findings(conventional radiographs
and computed tomography scans when available) and
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intraoperative description of the acetabular defect by
one senior orthopaedic surgeon (Table 1). Acetabular
bone loss was defined as major in Paprosky defects type
2c to 3b and minor in 2a and 2b defects [16].
Trabecular metal™(TM, Zimmer, Inc., Warsaw, IN, USA)
implants were used for aseptic revisions and non-resistant
bacteria a clindamycin and gentamicin PMMA cement was
used (Copal G + C™, Heraeus GmbH, Berlin, Germany);
otherwise vancomycin cement was used(Copal G + V™,
Heraeus GmbH, Berlin, Germany). Femoral megaprosthetic
reconstruction when necessary was performed using the
MUTARS™ – modular universal tumour and revision system (Implantcast GmbH, Buxtehude, Germany). Impaction
bone grafting using autograft, allograft bone (Tutogen™,
RTI Corp., Alachua, FL, USA) or bone substitute (Vitoss,
Stryker Corp., Kalamazoo, MI, USA).
The primary endpoint was aseptic cup survival resulting
in revision. Secondary endpoints were loss of implant for
other reasons, and death. In our study the only two reasons for implant failure were aseptic loosening defined as
failing Moore’s criteria [17] accompanied by clinical symptoms and periprosthetic joint infection which was diagnosed following MSIS criteria [9] and was treated with a
two-stage revision protocol.
Statistical analysis

Data collection and statistical analysis were carried out
using Excel (Microsoft Corporation, Redmont, Washington,
USA) and SPSS Version 25(IBM Corporation, Armonk,
NY, USA). Survival was evaluated using Kaplan-Meier
curves and log rank test for differences in survival. Descriptive statistics and Shapiro-Wilk test were used to determine
distribution of data. Crosstables, Fisher’s test and Chi2 test
were used to determine correlation between categorical variables. Statistical significance was defined as p ≤ 0.05, 95%
confidence intervals (CI) are provided. For non-parametric
data comparative statistical analysis was done using the
Wilcoxon rank test and Mann-Whitney U-test.

Results
The demographic data and surgical details for the patients are shown in Table 1.
The revision-free survival rate of trabecular metal acetabular components was 73% at 104 months (95% CI 59
to 86%). There were a total of 10 failures, eight of which
occurred during the first year after surgery. All of the
failures resulted in the loss of the acetabular component.
Table 2 lists details of all of the cases.
There were eight cases of aseptic loosenings (19.5%)
and 2 infections (4.9%). One infection occurred after 45
months in a patient with a total femur replacement after
multiple femoral revisions and was treated with two-stage
revision. One other patient suffered from early PJI and
was treated with debridement, exchange of mobile parts
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Table 1 patient demographics and surgical factors
Patient and surgical factors

results

median age in years(IQR)

66 (58–72)

median BMI in kg/m2(IQR)

27 (26–31)

median number of previous surgeries for PJI(IQR)

0 (0–1)

median numbers of previous aseptic acetabular revisions(IQR)

0 (0–3)

median Charlson comorbidity index(IQR)

3 (2–5)

indication for acetabular revision
aseptic loosening

83%

reimplantation after two-stage exchange

17%

median follow-up (IQR)

72 (42–87)

femoral megaprosthetic reconstruction %

13%

total femoral replacement

5%

proximal femoral replacement

8%

Paprosky classification of acetabular defect
2a

24%

2b

17%

2c

15%

3a

15%

3b

29%

Major bone loss

69%

Minor bone loss

31%

and antibiotics at first then underwent explantation of the
prosthesis and finally hip disarticulation when infection
persisted. In patients treated for PJI and underwent reimplantation with a trabecular metal acetabular component,
infection was eradicated in 83% of all cases with one case
of recurrent infection, as mentioned above.
Five patients who suffered from early loosening had a
Paprosky 3b defect. Two of these patients presented with
pelvic discontinuity, two had severe pelvic metallosis
after femoral cone fracture and delayed diagnosis and
one had primary total hip arthroplasty for hip dysplasia.
The patients with aseptic loosening were all revised and
treated with an antiprotrusion ring reconstruction with a
dual mobility cup. One case of pelvic discontinuity was
treated with large bipolar head and acetabular component removal.
Aseptic cup survivorship was 80% at 104 months (95%
Confidence Interval 67.4–92.4) (Fig. 1). There were no
cases of loosening in the Paprosky 2a and 2b groups. At
the other end of the spectrum there were five cases of
loosening out of 12 patients (41.6%) in the Paprosky 3b
group. One case of loosening occurred in the six patients in the Paprosky 3a group (17%), and three cases in
the six patients in the Paprosky 2c group (33.3%). Figures 2 and 3 show exemplary preoperative and postoperative radiographs. Patients with Paprosky 3b defects had
significantly earlier aseptic cup loosening than patients

with 2a (P = 0.01) or 2b (P = 0.05) defects (Fig. 4). Patients with major bone loss had a significantly shorter
aseptic cup survival period in comparison with the
group with minor bone loss (P = 0.008), with failures occurring in 41% of the patients with 3b defects.
There were no cases of dislocations, instability or periprosthetic fracture. One patient died of unrelated cause
with retained implant after 7 months due to cardiac
problems.
Previous surgery for PJI (P = 0.83), indication for acetabular revision (P = 0.19) or use of megaprosthetic reconstruction (P = 0.29) did not have a significant
influence on survival. The patient’s age (P = 0.53), number of previous surgeries (P = 0.44), number of previous
acetabular revisions (P = 0.57), and Charlson comorbidity score (P = 0.32) were not significantly associated with
failure. On the other hand, however, there was a trend
toward reduced cup survival in patients with obesity,
with a body mass index (BMI) > 30 (P = 0.08).
With regard to the functional outcome, the Harris hip
score showed a median of 40 (IQR 31 to 45), preoperatively and a median of 82 (IQR 65 to 88), postoperatively.
The difference was statistically significant (P < 0.0001).
Preoperatively 40 patients had a high hip centre defined
as 35 mm above the interteardrop line. Postoperatively only
20 patients had a high hip centre. The vertical hip centre
preoperative was at a median of 46 mm preoperative (IQR
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Table 2 patient and surgery details
Number Age at CCI Previous Indication
surgery
surgeries

TM components

Megaprosthesis? Defect
Failure
classification mode

Final implant

Follow
up

1

67

2

2

Aseptic
loosening

Acetabular shell

no

2a

none

53

2

46

0

2

Aseptic
loosening

Acetabular shell

no

2b

none

45

3

79

4

2

Aseptic
loosening

Acetabular shell

no

2b

none

56

4

32

0

2

Aseptic
loosening

Acetabular shell
and wedges

no

3b

none

56

5

76

9

0

Aseptic
loosening

Acetabular shell
and wedges

no

3b

Aseptic
loosening

6

79

9

0

Aseptic
loosening

Acetabular shell

no

2a

none

50

7

56

2

0

Aseptic
loosening

Acetabular shell
and wedges

no

3a

none

23

8

73

9

0

Aseptic
loosening

Acetabular shell

no

2a

none

90

9

71

2

2

Aseptic
loosening

Acetabular shell

no

2a

none

89

10

73

3

3

Aseptic
loosening

Acetabular shell

no

2c

PJI

11

71

2

2

Aseptic
loosening

Acetabular shell

Yes, total femur

2b

none

12

50

8

2

Aseptic
loosening

Acetabular shell
and wedges

no

3b

Aseptic
loosening

Antiprotrusio cage, dual- 87
mobility cup

13

69

2

3

Aseptic
loosening

Acetabular shell
and wedges

no

3b

Aseptic
loosening

Antiprotrusio cage, dual- 33
mobility cup

14

69

2

2

Aseptic
loosening

Acetabular shell

no

2a

none

37

15

61

1

3

Aseptic
loosening

Acetabular shell,
cup-cage

no

3b

none

84

16

67

2

3

Periprosthetic Acetabular shell
joint infection

no

2b

none

41

17

56

1

2

Aseptic
loosening

Acetabular shell,
wedge

no

3a

none

83

18

50

1

2

Periprosthetic Acetabular shell,
joint infection cup-cage

no

3a

none

83

19

42

4

3

Periprosthetic Acetabular shell
joint infection

no

2b

none

83

20

82

3

3

Periprosthetic Acetabular shell,
Yes, proximal
joint infection wedges, cup-cage femur

3b

death

7

21

59

1

3

Aseptic
loosening

Acetabular shell,
wedges

no

3b

Aseptic
loosening

22

61

6

2

Periprosthetic Acetabular shell
joint infection

no

2c

none

74

23

66

3

1

Aseptic
loosening

Acetabular shell

no

2a

none

74

24

59

1

2

Aseptic
loosening

Acetabular shell,
wedges, buttess

Yes, proximal
femur

3b

none

70

25

61

2

5

Aseptic
loosening

Acetabular shell,
wedge

no

3a

none

98

26

65

2

2

Aseptic
loosening

Acetabular shell,
wedges

no

3b

Aseptic
loosening

96

27

63

1

3

Aseptic

Acetabular shell,

no

2c

none

Antiprotrusio cage, dual- 46
mobility cup

disarticulation

7
29

Antiprotrusio cage, dual- 79
mobility cup

Bipolar head

95
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Table 2 patient and surgery details (Continued)
Number Age at CCI Previous Indication
surgery
surgeries

TM components

loosening

wedge

Megaprosthesis? Defect
Failure
classification mode

Final implant

Follow
up

Antiprotrusio
cage, dualmobility cup

25

28

57

3

2

Aseptic
loosening

Acetabular shell

no

2c

Aseptic
loosening

29

57

2

0

Aseptic
loosening

Acetabular shell

no

2c

none

87

30

78

9

0

Aseptic
loosening

Acetabular shell

no

2b

none

28

31

80

10

1

Aseptic
loosening

Acetabular shell

no

2b

none

78

32

74

3

0

Aseptic
loosening

Acetabular shell

no

2a

none

52

33

58

1

0

Aseptic
loosening

Acetabular shell

no

2a

none

75

34

62

5

4

Aseptic
loosening

Acetabular shell

no

2a

none

70

35

72

4

3

Periprosthetic Acetabular shell
joint infection

Yes, proximal
femur

2a

none

104

36

76

7

4

Periprosthetic Acetabular shell,
joint infection cup-cage

Yes, total femur

3a

PJI

Antiprotrusio cage, dual- 57
mobility cup, total femur

37

62

4

3

Aseptic
loosening

Acetabular shell

no

2c

Aseptic
loosening

Antiprotrusio cage, dual- 98
mobility cup

38

72

4

0

Aseptic
loosening

Acetabular shell,
wedge, cup-cage

no

3b

none

39

69

4

2

Aseptic
loosening

Acetabular shell,
wedge

no

3a

Aseptic
loosening

40

69

4

3

Aseptic
loosening

Acetabular shell,
wedge, cup-cage

no

3b

none

103

41

76

7

0

Aseptic
loosening

Acetabular shell,
cup-cage

no

3b

none

26

Fig. 1 Cumulative Kaplan–Meier aseptic cup survival in months

26
Antiprotrusio cage, dual- 104
mobility cup

Fig. 2 a Preoperative anteroposterior radiograph in an 81-year-old
patient with aseptic cup loosening. b Anteroposterior radiograph of
the same patient 5 years postoperatively, with a trabecular metal
revision shell
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Fig. 3 a Preoperative anteroposterior radiograph in a 34-year-old
patient who underwent total hip arthroplasty THA for severe
dysplastic osteoarthritis and presented with aseptic loosening of the
polyethylene cup. b Anteroposterior radiograph of the same patient
5 years postoperatively, with a trabecular metal wedge and shell

38 to 60) and 33 mm postoperative (IQR 30 to 45). The difference was highly significant (P < 0.0001).
There was no significant correlation between vertical
hip centre of rotation and functional scores. As for complications, there were 6 complications overall in the
group with postoperative high hip centre [14] (39%) and
only 4 complications (13%) in the group with vertical
hip centre < 35 mm above the interteardrop line. This
difference was not significant (P = 0.16).

Discussion
This is a single centre study reporting the outcome of 41
patients treated for acetabular defects with a single

Fig. 4 Cumulative Kaplan–Meier survival of cups in months, relative
to different acetabular defect sizes in the Paprosky classification [14].
Blue line, Paprosky 2a; red line, Paprosky 2b; orange line, Paprosky
3a; green line, Paprosky 2c; yellow line, Paprosky 3b
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acetabular implant. While we were able to demonstrate
very good functional outcome, adequate restauration of
the hip’s rotational centre and excellent implant survival
in minor bone loss defects, overall implant survival was
clearly inferior compared to the literature, particularly and
significantly for 3b defects. While we could not demonstrate a correlation between failure and procedure-related
factors such as the use of megaprosthetic reconstruction
or following PJI, there was a trend for higher failure rates
in patients with obesity.
Acetabular revision in total hip arthroplasty is challenging procedure for which there are many different established treatment options [1]. Among these, the use of
trabecular metal implants is increasingly widespread [14,
18–20]. This is due to its variability facing substantial
bone loss [21, 22] and its mechanical stability and superior capabilities regarding biological ingrowth [23]. Although there are several studies reporting excellent
long-term survivorship of trabecular metal reconstructions [14, 24, 25], more recent studies using registry data
that have not shown a significant superiority of these
implants compared to conventional cementless cups in
revision surgery [20] and their use in uncomplicated primary total hip arthroplasty has been discouraged [26]. In
the present study, the overall aseptic cup survival at latest follow up was 80%. This is clearly unfavourable in
comparison with a literature review by Banerjee et al.
[16] in which the aseptic survival rate was reported to
be 97.2%, although the authors acknowledge that many
studies fail to classify acetabular defects. A more recent
registry study with aseptic cup survival rates greater than
98% [20] also does not include a defect classification.
Possible reasons for aseptic loosening in our collective of
patients may include a high percentage of patients with
trabecular metal acetabular reconstruction as part of a
two-stage revision for PJI, use of megaprostheses as part
of the reconstruction and higher percentage of major bone
loss defects, and comorbidity. Due to the limited number
of patients in this study, a significant difference was only
identified for type 3b defects, whereas treatment for PJI,
megaprosthetic reconstruction and comorbidity were not
significantly associated with survival.
In comparison with other acetabular revision techniques, trabecular metal implants appear to have significantly lower rate of aseptic loosening [27], especially
when used in major column defects with less than 50%
bone contact [22]. In comparison with Burch-Schneider
antiprotrusion cages with impaction bone grafting
which were used as a successful revision implant in our
study in 6 cases after trabecular metal components
failed, Lopez Torres [28] found favourable results for
the trabecular metal components with significantly better functional outcome measured using the Harris hip
score. The complication rate and acetabular bone loss
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were comparable. While this is in contrast to our experience and warrants further research, one possible
explanation for the divergence could be the use of
dual-mobility cups in the present study that lead to a
greater range of motion with reducing the risk of subsequent dislocation [29]. In a systematic review, Baauw et
al. [1] report a lower complication rate for antiprotrusion cages in comparison with trabecular metal implant
although the study did not provide any comparison of
functional results, and the heterogeneity of the cages
used was noted.
While reconstruction of minor acetabular defects with
porous metal components does not appear to be problematic [30], major bone loss leads to much poorer results, requiring revision surgeries [16, 31]. These major
defects accounted for 58% of the patients included in
the present study group, and this might explain the reduced rate of cup survival. In particular, there was a significantly reduced survival for reconstructions of type 3b
defects in comparison with the group with minor bone loss
[32]. Various strategies have been described for addressing
these defects. On the one hand, the use of conventional trabecular metal shell and augment reconstructions without
cages resulting in a aseptic cup survival of 91% in a study
focusing on Gross III and IV defects [21]; the procedure
failed in two patients with pelvic discontinuity. Siegmeth et
al. describe successful treatment of eight patients with type
3b defects or pelvic discontinuity using shells and augments
after a mean follow-up period of 34 months [33]. On the
other hand, other studies emphasized the need for a cage
reconstruction using, either traditional antiprotrusion cages
-which were also used as a revision implant for the patients
presented here [34, 35]- or cup-cage reconstructions with
porous metal implants [36, 37] both leading to promising
mid-term results in major bone loss defects in larger patient cohorts.
In addition, acetabular revision due to infection appears to lead to a reduced rate of cup survival and more
often requires repeat revision procedures [20]. Although previous studies have reported infection as the
reason for acetabular revision in 4 to 6% [16, 20], periprosthetic joint infection was the reason for acetabular
revision in 17% of all cases in the present study. A
study by van Kleunen et al. [38] including a comparable
number of patients with PJI reported a 100% rate of
aseptic cup survival, but a high complication rate of
24%, mostly due to recurrent infection. By contrast, the
infection rate in the present study was 4.8% (n = 2). In
the literature, reported infection rates are in the range
of 0–10% [14, 21, 25, 38], which is in line with the
present data. It should be noted that one infection occurred in a patient with total femur replacement that
has a high rate of infection independently of the acetabular reconstruction [39].
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Although the Charlson comorbidity index (CCI) is an
established method of predicting the need for revision
surgery and the probability of postoperative complications after revision total hip arthroplasty [10], no correlation was found in the present study between higher
CCI and failure. More than one-third of the patients in
the group were stratified as high-risk based on their
CCI. There was a trend for reduced survival in patients
with obesity which is supported in the literature for
THA revision with significantly higher rates of early
loosening in obese patients [40]. We believe that severe
comorbidity may still have been a reason for the high
failure rate in the study, although a significant effect was
not found in the patient cohort. Patients with severe comorbidity or obesity should be educated in this context.
It was hypothesized that metallosis might pose a problem in reconstructions with cementless porous metal
implants. Two patients with metallosis in the study developed early failure, with a lack of primary stability. The
severe metal debris led to a much larger defect once debridement was completed [41] as was initially anticipated and the patients were then treated with an
antiprotrusion cage. For minor bone defects, mostly type
1 and 2b defects, cementless acetabular components appear to be an adequate treatment option after metallosis
[42]. However, treatment for a 3b defect was unsuccessful after resection and debridement of metallosis. We
therefore conclude that the defect size is most crucial to
determine the success of the trabecular metal reconstruction rather than the fact whether it was due to
metallosis.
There is a continuing debate whether or not restoration of the vertical hip center influences the outcome
after hip arthroplasty revision. Schutzer et al. [12] reported excellent results with a 100% survivorship after
high cup placement though no trabecular metal cups
were used in the study. Significant improvement of the
vertical hip centre is often achieved in acetabular revision surgery using porous metal cups [16], but reconstruction of an anatomic vertical hip centre [14] does
not appear to be associated with failures. This is consistent with the results of the present study.
This study has several limitations. Firstly, it was a retrospective study including different types of trabecular metal
acetabular components for a heterogeneous group of acetabular defects and indications. There was no control
group that undergoing surgery using non - trabecular
metal implants. A randomized controlled trial would be
desirable, but it appears difficult to implement with the
small numbers of patients and the complexity of total hip
arthroplasty revisions. Secondly, the study’s follow-up
period is limited and we are not able to provide long term
results for every patient. Thirdly, the number of patients is
relatively small although only few studies were able to
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include larger numbers of patients and this makes it difficult to achieve statistically significant results. Fourthly, although a relatively high percentage of major bone defects
were included, comparisons with the literature are sometimes difficult because several different classification systems are used, particularly for pelvic discontinuities.

Conclusions
In summary, the use of trabecular metal implants in acetabular revision surgery achieves good to excellent functional results, reconstruction of vertical hip centre and an
acceptable complication rate relative to the extent of the
defect and previous surgeries However, the method has
potential limitations in the treatment of large defects and
discontinuities in which cages, cup-cage reconstruction,
or custom-made triflange components may be necessary.
The results of this study show that one needs to be
aware of a potentially higher complication rate when trabecular metal implants are used in two-stage revisions for
periprosthetic joint infection, reconstruction with megaprostheses, or Paprosky type 3b acetabular defects. However, a significant influence was only found in relation to
3b defects, in comparison with minor bone loss defects.
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