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Abstract
Background: Acetabular revision is often di�cult to manage because of severe bone loss, especially for
Paprosky type  defects. Our present study aimed to assess the strategy of double-trabecular metal cups
in acetabular revision.

Methods: Fifteen patients (15 hips) underwent acetabular revision using double-cup technique alone or in
combination with impacting bone grafting between January 2008 and May 2015. Preoperative and the
latest follow-up clinical and radiographic scores were recorded and compared.

Results: No patients were lost to follow up, and no patients underwent re-revision for loosening or any
other reasons at the mean follow-up duration of 66 (range 55-105) months. We discovered 3 patients
(3/15) with the early dislocation within the �rst year after the surgery and 2 patients (2/15) with delayed
wound healing. The comparison between preoperative and the latest follow-up results showed the
records of modi�ed Harris Hip Score, University of California, Los Angeles activity score, Short Form 36,
limb-length discrepancy and hip center of rotation were signi�cantly improved.

Conclusions: The application of double-cup technique alone or in combination with impacting bone
grafting is an effective and reliable treatment option for Paprosky type  acetabular defects without pelvic
discontinuity.

Background
Because of good to excellent prognosis, primary total hip arthroplasty (THA) is an effective management
of hip degenerative pathologies [1]. Failure rate requiring reoperation after THA is higher (8.9%-24.1%) at
5-year follow-up [1]. With the younger tendency and rising life expectancy of patients, the number of
revision surgery following THA is expected to increase in the near future [2]. Multiple treatment options
and various special implants for the reconstruction of acetabular defects have been developed [1, 3].
However, acetabular revision for severe bone defects is still a challenging surgery because of the high
incidence of complications [4, 5]. The main complication is dislocation after revision hip arthroplasty [3],
and it is more common in revision hip arthroplasty than primary THA [1]. Restoration of the native hip
center of rotation (COR) is crucial in primary THA and revision hip arthroplasty [6]. On account of
advantages in biomechanics and biocompatibility, trabecular metal augments and trabecular metal-
coated cups were increasingly applied in the revision hip arthroplasty [7]. Whatever revision implants were
applied, proper anchoring would be hindered in severe acetabular defects [8]. In these instances, in order
to gain surface contact as much as possible and attain biologic ingrowth, alternative options and
implants should be applied to gain surface contact as much as possible and attain biologic ingrowth.

Bone grafting was required to reconstruct the severe acetabular defects [9]. The technique of impacting
bone grafting would take the place of the bulk grafts gradually because of low osseointegration potential
of bulk grafts [8]. However, poor results in revision hip arthroplasty using structural bone grafts without
reinforcement devices have been reported [5]. Recently, some studies consider the technique of using
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custom-made implants in combination with trabecular metal prosthetic component was a reliable option
to deal with severe acetabular defects [3, 10]. However, to increase the function results, new strategy of
using impacting bone grafting and other revision devices was recommended [11]. To our knowledge,
there are a few studies about using double-trabecular metal cups in combination with impacting bone
grafting in acetabular revision.

We hypothesize that using double-trabecular metal cup alone or in combination with impacting bone
grafting is a dependable technique to manage Paprosky type  acetabular defects without pelvic
discontinuity. Furthermore, we hypothesize that our results would have equivalent or favorable levels of
e�cacy with the researches of double-cup technique for similar acetabular defects.

Patients And Methods
Patients

This retrospective study was conducted between January 1, 2008 and May 31, 2015 in our institutions.
The inclusion criteria were as follow: patients were treated by revision hip arthroplasty. Study exclusion
criteria included: (i) the revision hip arthroplasty were conducted without using double-cup technique; (ii)
patients with bone tumor; (iii) patients with Paprosky  acetabular defects and pelvic discontinuity.
Fifteen patients (15 hips) met the criteria in this retrospective study. Clinical and radiographic data (Fig.1)
about enrolled patients were collected under the same criteria. Aseptic loosening was diagnosed by the
uniform standard of clinical and radiological, including existence of radiolucent lines, migration of
implant, or disruption of screw [3]. Musculoskeletal Infection Society (MSIS) was used to diagnose
periprosthetic joint infection [12], and these patients were all managed with two-stage revision strategy.
Acetabular defects were classi�ed based on radiographic �ndings and con�rmed intra-operatively by the
senior orthopaedic surgeons (TL and WQP) in accordance with the Paprosky classi�cation [13]. Chronic
instability was de�ned by Sayac G et al [2]. The present study was ethically approved by our hospital
committee (No.2010-S043) and written informed consent was obtained from the patients or their legal
guardians.

Surgical technique

Surgeries were carried out by posterolateral approach after laying patients in lateral decubitus position.
All reconstructions were performed by the senior surgeons (TL and WQP) who are experienced in the
surgical technique for revision THA. We cleared away the underlying �brous membrane down to the
working bone after removing the failed components. Hemispherical reamers were applied to eliminate
sclerotic acetabular bone carefully, and we assessed the appropriate suitability by dull reamers. The
acetabular defects were classi�ed and con�rmed during operation (Fig.2A). In order to gain the
appropriate size and position of prosthesis, we placed the trial shell with or without augment into the
acetabulum and chose another optimal trial shell based on the remaining defects (Fig.3 ). Aiming to
reconstruct acetabular defects adequately and biologically [4], we applied allograft (OsteoRad, Shanxi,
China) to �ll bottom and bone stock defects by impacting thoroughly with reverse rotating reamer in
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patients who have severe bone defects [14]. When a partial stability was obtained with the desired
positioning, we placed the trabecular metal revision cup as the 2nd cup (Zimmer, Warsaw, IN) with or
without augment in the superior defects to stabilize the 1st cup as the base of support (Fig.3 ). Then
screws (Zimmer, Warsaw, IN) were applied to increase primary stability of the 2nd cup with or without
augment. Before impacting the 1st cup, the location of the cup was tried again by hemispherical reamer.
We assessed the �nal anatomic center cup position through intra-operative plain radiographs. The 1st
cup was desired to be oriented at 40°±10° inclination and 15°±10° anteversion [15]. Then the 1st
trabecular metal revision cup was implanted with press-�t technique (Fig.3 ). Finally, we typically used
screws to �x the anatomic cup to the acetabulum. After the components were �xed, the clindamycin and
gentamicin polymethyl methacrylate bone cement (Copal G+C, Berlin, Germany) was applied to create
one monolithic construct (Fig.2B, Fig.3 ). We cleansed the trabecular metal cup and inserted the
polyethylene liner into the 1st cup (Fig.3 ). If the stem was loosening, we would perform a complete
revision including acetabular and femoral stem.

Postoperatively, all patients were given oral celecoxib (200mg/day) prophylactically for anti-
in�ammation. For aseptic revision surgery, a second generation cephalosporin was transfused at least 30
minutes before skin incision and continued less than 48 hours after operation. For patients with the
second-stage procedure of reimplantation after periprosthetic joint infection, we applied the conventional
smear test and bacterial cultures of the joint �uid during operation. Targeted prophylactic antibiotic of
these patients was transfused at least 30 minutes before skin incision and continued 7-10 days until the
negative results of bacterial culture [16]. Early postoperative mobilization was allowed on the �rst or
second day after operation, and part weight-bearing was permitted at early stage of 6-8 weeks after
surgery. Full weight-bearing was permitted gradually after the clinical and radiological results were
reviewed two months after revision surgery. Patients were assessed radiologically and clinically after four
weeks, two months, six months, one year, and then annually during the follow-up period (Fig.4).

Clinical and radiological assessments

All patients were evaluated clinically and radiologically before operation and at the latest available
follow-up. Trendelenburg sign was applied to evaluated abduction strength. We applied the modi�ed
Harris Hip Score (mHHS) for the clinical and functional evaluation, and the mHHS was considered as the
primary outcome parameter and classi�ed as previous described [17]. In addition, measurements like
University of California, Los Angeles (UCLA) activity score [18] and Short Form 36 (SF-36) [8] were
recorded. The distance from the anterior superior iliac spine to the medial maleolus was measured as the
leg length, and the difference between both lower extremities was calculated and de�ned as limb-length
discrepancy (LLD) [17, 18].

Standard anteroposterior radiographs of the pelvis and later radiographs of the affected hip were
performed at each clinical interval, and two independent observers (TL and WQP) reviewed and evaluated
the radiological outcomes. Radiolucent lines surrounding the implanted components were assessed in
accordance with the previous method [17], and loosening of acetabular prosthesis was de�ned as Spore
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SM et al. [19]. The criteria about osseointegration [4] and the Oswestry classi�cation [2] were separately
applied to evaluate ingrowth of uncemented component and the integration of allograft, and any
heterotopic ossi�cations were noted and evaluated based on the system of Brooker et al. [20]. We
recorded and calculated the change of the hip center of rotation through measuring preoperative and the
latest follow-up radiographs [3]. We measured the acetabular cup inclinations directly [21] and calculated
the acetabular cup antevesion using the method suggested by Pradhan [22] on anteroposterior
radiographs.

Statistical analysis

All the data were analyzed by SPSS 21.0 software (SPSS Inc., Chicago, IL, USA). We described
measurement data as the mean±standard deviation and the enumeration data as the count and rate, and
t test was used to analyze difference between preoperative and the latest follow-up values of mHHS,
UCLA, SF-36, LLD, and COR. We considered it statistically signi�cant when the p value was less than 0.05
for all tests.

Results
Patient demographics

We retrospectively reviewed 15 patients (15 hips) who underwent acetabular revision with double-cup
technique from January 1, 2008 to May 31, 2015 (Table 1). Nine (9/15) female and six (6/15) male
patients were enrolled with an average body-mass index (BMI) of 25.3 kg/m2 (range 21.4-30.5), and an
average age of 68.5 years (range 58-79). Patients’ major preoperative comorbidities included
hypertension (n=8; 8/15), chronic obstructive pulmonary disease (n=2; 2/15), diabetes mellitus (n=3;
3/15), asthma (n=1; 1/15), hyperthyroidism (n=1; 1/15) and coronary artery disease (n=1; 1/15). Our
study enrolled 9 (9/15) Paprosky type a defects and 6 (6/15) Paprosky type b defects without pelvic
discontinuity. Indication for revision of all patients was aseptic loosening in present study. 7 (7/15)
patients underwent both socket and stem revision, and 8 (8/15) patients underwent impacting bone
grafting. The median number of previous affected hip surgeries is 1.4 (range 1-3).

Clinical and radiological results

No patients were lost to follow up, and the average follow-up period was 66 months (range 55-105). No
patients experienced infection and nerve palsy after the index procedure. Complications occurred in �ve
(5/15) patients, including 3 (3/15) dislocation treated with closed reduction and bracing, and 2 (2/15)
delayed wound healing treated with prolonged wound dressing. Overall, no patients underwent re-revision
surgery for any reasons. Trendelenburg-positive was discovered in 2 (2/15) hips. Results measured by
mHHS, UCLA and SF-36 were reported in Table 2. At the time of the latest follow-up, the mHHS was
signi�cantly improved from a mean preoperative value of 44.4 (rang 35-50) to 74.2 (rang 68-85) (p<0.01),
and mHHS was good in 2 (2/15) hips, fair in 12 (12/15) hips, and poor in 1 (1/15) hip. The average
preoperative UCLA score was 2.7 (rang 2-4), which was improved signi�cantly to 7.3 (range 7-8) at the
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latest follow-up (p<0.01). The mean SF-36 scores at the latest follow-up were improved signi�cantly than
preoperative scores, especially in bodily pain category.

The mean limb-length discrepancy of patients decreased from 24.3 mm (range 20-32 mm) preoperatively
to 6.1 mm (range 3-9 mm) postoperatively. Postoperative radiographic evaluation showed the average
hip center of rotation was decreased signi�cantly from 47.3 mm (range 33-68 mm) preoperatively to 25.5
mm (range 16-35 mm) postoperatively (p<0.01) (Table 2). No hips were outside the Lewinnek [15]
acetabular cup inclination and anterversion safe range. In the latest follow-up examination, we
discovered bone graft incorporation in all hips 1 year after the revision operation. Asymptomatic grade–1
heterotopic ossi�cations were found in 3 (3/15) patients who received no advanced treatment. No failure
for acetabular loosening or metal failure was found at the latest follow-up.

Discussion
Due to complex bone defects and different �xation methods of implants, revision hip arthroplasty is
technically challenging, especially in Paprosky type  defects. The goals of the revision hip arthroplasty
on the acetabular side include providing stable initial �xation, achieving reliable and long-term results,
promoting eventual biologic ingrowth, and restoring the normal anatomical structure and the lower limb
length [2]. Multiple treatment options for acetabular reconstruction had been described, including the
application of bulk autograft or allograft alone or in combination with prosthesis,  ranging from jumbo
cup construct, mechanical and biologic cup-cage construct, trabecular metal augment and shell, dual
mobility cup, and some others [1, 3]. Trabecular metal and dual mobility cup were widely used to
construct complex acetabular defects in revision surgery [1, 3]. Using jumbo cup is a straightforward
method to reconstruct Paprosky type  acetabular defects, and this technique has a good survival rate of
96% at 15 years of follow-up [9]. However, host bone would be widely removed if jumbo cups were used,
and it would di�cult to reconstruct with the residual bone stock at last. Aiming to �ll the bone defects
adequately and maximize the contact with the host bone, modular systems were widely used as a
pragmatic tool by revision surgeons [10]. Though severe acetabular defects were handled in combination
methods as literature reported, some special patients were di�cult to handle with these existent
combination techniques [3, 10]. Therefore, it is still a challenging and controversial issue to handle severe
uncontained defects. Alternative techniques and implants should be considered to handle large and
complex acetabular defects in the future. In recent years, a few studies have been carried out to evaluate
the effects of a novel treatment strategy of double-cup technique applied to deal with Paprosky type 
acetabular defects without pelvic discontinuity, and the technique of double-cup reconstruction was
considered as a credible way for acetabular revision based on their short-term results [3, 10].

In present study, we found no patients underwent re-revision surgery for any reasons over the follow-up
period (Table 3). There is no signi�cant difference about cup survival in comparison with literatures at the
latest follow-up [3, 10]. Clinically, we found a signi�cant and enduring improvement of the mHHS in our
cohort at minimum 55months follow-up. Though the average score of 74.2 points at the latest follow-up
is higher than previously described [3, 10], it is lower than the mean score of 81 points of revision hip
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arthroplasty described by Löchel J et al. [4]. After comparison the number of previous affected hip
surgeries, we demonstrated that previous surgery is an important factor for mHHS score and
Trendelenburg sign results. Restoring the normal anatomy hip center of rotation would help to regain
normal biomechanics and decrease joint reactive force, and help to improve the wear resistance and
longevity of the acetabular reconstruction [6]. Radiographically, we measured and calculated the hip
center of rotation as reported by Nunn et al. [23]. In our series, we had restored the normal anatomic hip
center of rotation e�ciently as some other researches described [3, 10]. Despite the large and complex of
acetabular defects, we have done our best to regain the optimal position of hip center of rotation. We
didn’t �nd radiolucent lines, osteolysis and lossening of implants at the latest follow-up. However, we
discovered the dislocation rate of 20% (3/15) in our study, as comparison with other revision hip
arthroplasty studies with double-cup technique (Table 3) whose dislocation rates were 0% [10] and 30%
[3] respectively. The dislocation rate of revision hip arthroplaty ranged from 14% to 21% as literature
reported [24]. Our dislocation rate is similar to the technique with augment for bone defects described by
Gaizo et al. [25]. For socket-only revisions, dislocation rate (2/8) in present study is similar to the previous
study [3]. We discovered that dislocation rate for socket-only revision is higher than that for both-side
revisions. In our opinions, while it is impossible to prevent postoperative complications, we should take
some measures to decrease the dislocation events after revision hip arthroplasty as reported before [26].

Due to the large and complex of acetabular bone defects, a gap exists between the socket and host bone
during revision hip arthroplasy. Therefore, poor quality of acetabular bone bed would cause
reconstruction failure. Several studies demonstrated that impacting bone grafting in combination with
acetabular components was widely used in revision hip arthroplasy when signi�cant bone defects exists
[14]. The technique of impacting bone grafting would take the place of the bulk grafts gradually because
of low osseointegration potential of bulk grafts [8]. Garcia CT et al.[27] had reported impacting grafting
contributed to restore acetabular bone stock and anatomic hip center of rotation, and had good results in
the latest follow-up. However, autografts were di�cult to widely use because of donor shortage and
donor site morbidity. By the technique of creeping substitution, vascularization and incorporation
occurred in impacting allografts like studies reported [28]. But some reports showed poor outcomes in
revision hip arthroplasty with structural bone grafts without reinforcement devices [5]. Therefore, many
authors recommended the combined application of other revision devices to gain good to excellent clinic
and radiographic outcomes [11]. In the present study, some patients underwent reconstruction with
double-cup technique in combination with compacting bone grafting technique, and we found bone graft
incorporation in all hips 1 year after the revision operation.

Furthermore, the cost of revision hip arthroplasty is usually an important issue, especially in patients of
large and complex bony defects. Usage of trabecular metal augments, cup-cage, or custom tri�ange
implant brings great �nancial burden to patients, particularly in developing countries. The cost of revision
hip arthroplasty is different among different institutions and countries. At our institution, the cost of
double-cup technique without additional augment (RMB 30,000-40,000) is less than the use of one
trabecular metal cup with two augments (RMB 50,000-60,000), the cup-cage implant (RMB 50,000-
60,000), or custom tri�ange construct (RMB 70,000-80,000). We reconstructed Paprosky type  acetabular
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defects with double-cup technique alone or in combination with impacting bone grafting in our present
study, and achieved good to excellent short-term results with less cost �nally.

We acknowledge limitations of our study. First, our present study was retrospectively designed with
relatively small sample size. Although we carried out the study in two institutions, it was hard to get a
larger number of patients who underwent rare and uncommon acetabular reconstruction with double-cup
technique. Second, the mixed pathology of patients and non-blinded radiographic analysis could
contribute to inconsistent results. Likewise, the implants of femur revision in this series were not identical.
We chose implants according to the anatomy and requisite during the operation. Finally, the short to
middle-term follow-up also could contribute to inferior results. Our lack of blindness in physical
examination may have introduced bias.

Conclusion
In conclusion, revision hip arthroplasty using double-cup technique achieved good to excellent results for
15 selected Paprosky type  acetabular defects with an average follow-up of 66 months, but further
researches are still needed for long follow-up. We consider the application of double-cup technique alone
or in combination with bone graft as an effective and reliable management reconstruction of Paprosky
type  acetabular defects without pelvic discontinuity.
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Items value
Total patients (hips) 15 (15)
Male/female (rate.) 6/9
Median age at operation (year) 68.5±5.6 (58-79)
Median body mass index (kg/m2)  25.3±2.2 (21.4-30.5)
Median number of previous affected hip surgeries  1.4±0.6 (1-3)
Indication for acetabular revision (no. rate)  
   Aseptic loosening  15 (15/15)
Type of surgery (no.rate)  
   Acetabular revision  8 (8/15)

THA revision 7 (7/15)
Number of using impacting bone grafting (no. rate) 7 (7/15)
Paprosky Type (no. rate)  
    a 9 (9/15)

b 6(6/15)
Median follow-up (months) 66±12.6 (55-105)

 
Table 2: Comparison of preoperative and the latest follow-up results

Measure Pre-op Post-op Improvement
mHHS 44.4±4.3 74.2±4. 5 29.8±5.4**
UCLA 2.7±0.7 7.3±0.5 4.7±0.5**
SF-36      
  Physical functioning 35.9±3.8 42.1±3.7 6.1±1.9*
  Role-physical 21.3±3.7 40.7±3.4 19.4±2.8*
  Bodily pain 31.7±3.4 66.9±3.4 35.1±3.4**
  General health 50.3±2.8 57.9±1.9 7.6±2.7*
  Vitality 45.9±2.3 57.4±1.6 11.5±2.6*
  Social functioning 63.3±4.4 71.9±2.9 8.7±3.0*
  Role-emotional 54.8±4.2 65.1±2.7 10.3±3.9*
  Mental health 62.2±2.7 68.4±2.5 6.2±3.0*
LLD (mm) 24.3±2.9 6.1±1.8 18.2±2.8**
COR (mm) 47.3±8.2 25.5±4.6 21.8±5.0**

*: p<0.05; **: p<0.01; mHHS: Modified Harris Hip Score; UCLA: University of California, Los Angeles
activity score; SF-36: 36-item Short Form Health Survey; LLD Limb-length discrepancy; COR: center of
rotation, Pre-op: pre-operation; Post-op: post-operation.
 
Table 3: Review the literature of Paprosky  acetabular defects revision using double-cup
technique
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Author Cases Male
/Female

Age
(years)

Indications Paprosky
Classification

Follow-
up

HHS
(points)
of last
follow-

up

Complications Survivorship

Webb JE

et al.[3]

20 9/11 67 Osteolysis

(50%); aseptic

loosening

(30%);

reimplantation

(10%);

acetabular

defect (5%);

tumor (5%)

Paprosky Type

3a (55%); type

3b (40%)

2.4

years

68.7 Complication

incidence

(40%,8/20);

dislocation

(30%;6/20); deep

infection

(20%;4/20);

delayed wound

healing (15%;

3/20)

No failures at a

mean follow-up

of 2.36 years;

100%

survivorship

for aseptic

loosening.

Loppini

M et al.

[10]

16 5/11 68 Aseptic

loosening

(100%)

Paprosky type

3a (44%); type

3b (56%)

34

months

77.2 Complication

incidence

(18.8%,3/16);

deep venous

thrombosis

  (6.3%;1/16);

femoral artery

occlusion

(6.3%;1/16);

postoperative

haematoma

(6.3%;1/16)

No failures at a

mean follow-up

of 34 months.

Current

series

15  6/9 68.5 Aseptic

loosening

(100%)

Paprosky type

3a (60%); type

3b (40%)

66

months

74.2 Complication

incidence

(33.3%,5/15);

dislocation

(20.0%;3/15);

delay wound

healing

 (13.3%;2/15)

No failures at a

mean follow-up

of 66 months.

Figures
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Figure 1

Preoperative radiographs of a 74-year-old female presented with aseptic loosening. Anteroposterior (a)
and lateral (b) radiographs showed the failure of both acetabular socket and stem after primary THA, and
demonstrated Paprosky type a acetabular defects.

Figure 2

Intra-operative photograph showed the technique of “double-cup” in revision arthroplasty. The acetabular
defect was classi�ed and con�rmed during operation (a). Intra-operative photograph (b) showed the
“double-cup” technique and one monolithic construction after using bone cement between the two cups.
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Figure 3

The schematic of the surgical technique of “double-cup”. ( ) The acetabular defect was classi�ed and
con�rmed during operation. ( ) We gain the appropriate size (a, b, c) and position of prosthesis by trials.
( ) We placed the 2nd cup (d) with or without augment in the superior defect. ( ) We placed the 1st cup (e)
with press-�t technique, and used bone cement (f) to create one monolithic construct. ( ) We inserted the
polyethylene liner (g) into the 1st cup after cleansing the cement.
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Figure 4

Postoperative radiographs of the same patient after revision hip arthroplasty. Anteroposterior (a) and
lateral (b) radiographs showed that “double-cup” buttress bring the hip center of rotation to an anatomic
position after operation. Postoperative radiographs (c and d) showed no prosthesis loosening or
dislocating at the 1 year follow-up after revision surgery.


