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Abstract

BACKGROUND

Paprosky type IIIB acetabular bone defects are very difficult to reconstruct. For
severe defects, we developed our own cup-on-cup technique. We defined the
tantalum metal (TM) revision shell with the peripheral titanium ring removed as
a TM-cup augment and the cementless hemispherical acetabulum component
combined with a TM-cup augment as the cup-on-cup technique.

AIM
To report the short-term results of patients with type IIIB acetabular bone defects
reconstructed using the cup-on-cup technique.

METHODS

We retrospectively reviewed six patients (six hips) with a mean age of 59 years
who underwent acetabular reconstruction using our cup-on-cup technique
between January 2015 and January 2017. All acetabular bone defects were
classified as type IIIB without pelvic discontinuity using the system of Paprosky.
All patients were followed both clinically and radiographically for a mean
duration of 42 mo.

RESULTS

The mean Harris hip score improved from 32.4 pre-operatively to 80.7 at the last
follow-up. The mean vertical position of the hip rotation centre changed from
60.9 mm pre-operatively to 31.7 mm post-operatively, and the mean horizontal
position changed from 33.6 mm pre-operatively to 38.9 mm post-operatively.
Greater trochanteric migration after extended trochanteric osteotomy occurred in
one of six hips at 3 mo. There was no evidence of component migration at the last
follow-up.

CONCLUSION
The short-term results suggest that our cup-on-cup technique could be
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considered an effective management option for Paprosky type IIIB acetabular
bone defects without pelvic discontinuity.
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Core tip: Paprosky type IIIB acetabular bone defects are very difficult to reconstruct. We
developed our own cup-on-cup technique. We defined the tantalum metal (TM) revision
shell with the peripheral titanium ring removed as a TM-cup augment and the cementless
hemispherical acetabulum component combined with a TM-cup augment as the cup-on-
cup technique. The short-term results suggest that our cup-on-cup technique could be
considered an effective management option for Paprosky type IIIB acetabular bone
defects without pelvic discontinuity.
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INTRODUCTION

Acetabular bone defects are becoming more common in revision total hip arthroplasty
(THA). The reconstruction of the defects may be a surgical challenge. Several
classification systems have described acetabular bone defects, but the most helpful for
developing surgical strategies is the Paprosky classification!"?. Paprosky type IIIB
defects are defined as “up and out” defects with more than 60% of the acetabular rim
compromised and superomedial migration of femoral head greater than 3 cm!l.

For the reconstruction of the defects, structural allograft has been used to initially
stabilise the cementless hemispherical acetabular component in the past decades*l.
However, due to the collapse, resorption, nonunion, loosening, and infection of the
grafts, the cementless acetabular component that lacked successful biological fixation
and bone graft incorporation became susceptible to loosening. The success rate of
structural allografts was approximately 65% in a series of systematic reviews of the
literature™]. The common causes of failures were as described abovel*l,

To solve the above problems, “nonresorptive structural allografts”, namely,
trabecular metal (Zimmer, Warsaw, IN) augments, have been widely used during the
past decadel®?. With high frictional characteristics, low modulus of elasticity, and
high volumetric porosity (70% to 80%), the acetabular component and augment
posses high bone ingrowth potential and can obtain long-term biological fixation*"l.
Therefore, multiple sizes and shapes of the acetabular augments have emerged to
adapt and reconstruct various acetabular bone defects. Hemispheric acetabular
components with trabecular metal augments have been reported by many authors to
be associated with excellent clinical results, such as acceptable postoperative hip
function, low rates of aseptic loosening and other complications during mean follow-
up periods ranging from 37 to 60 mol**'.

Many surgeons have utilized two trabecular metal augments to reconstruct the
superomedial type IIIB defects. However, the two largest trabecular metal augments
cannot reconstruct the defects or restore the normal hip centre of rotation (COR)
because the defects are too large. For the sake of solving the problem, we utilized a
cup-on-cup technique to reconstruct the Paprosky type IIIB acetabulum bone defects
and restore the normal hip COR. We defined the tantalum metal (TM) revision shell
that was removed from the peripheral titanium ring as a TM-cup augment and the
cementless hemispherical acetabulum component combined with a TM-cup augment
as the cup-on-cup technique.

The purpose of this study was to report the short-term results of patients with type
IIIB acetabulum bone defects reconstructed using our cup-on-cup technique.

Baishidengs WJCC | https://www.wjgnet.com 1224 April 6, 2020 | Volume8 | Issue7 |


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Du YQ et al. Cup-on-cup technique

MATERIALS AND METHODS

We retrospectively reviewed six patients (six hips) who underwent acetabular
reconstruction for Paprosky type IIIB acetabular bone defects using our cup-on-cup
technique from January 2015 to January 2017 (Table 1). There were four females and
two males with a mean age of 59 years (range from 29 to 73 years). The causes of
revision surgery were aseptic loosening in five hips and a primary THA with severe
defects because of posttraumatic acetabular comminuted fracture and infection in one
hip. None of the participants had pelvic discontinuity. All patients were followed
clinically and radiographically for a mean duration of 42 mo (range, 36 to 52 mo). No
patients were reported as lost to either clinical or radiographic follow-up.

Surgical technique

All surgeries were performed by one author (Zhou YG) at the General Hospital of the
Chinese People’s Liberation Army (Beijing, China). The classification of these defects
was based on pre-operative standard radiographs and computed tomography of the
acetabulum and intra-operative assessment according to the Paprosky classification!'l.
A standard posterior-lateral approach was used for each case. Extended trochanteric
osteotomies (ETOs) were performed in two hips to remove the failed components,
improve exposure, and assist in the balancing of soft tissue. Acetabular reconstruction
began by removing the failed acetabular components, bone cement, and any fibre-
necrotic tissue. The superomedial defects in conformity with Paprosky type IIIB were
detected in six hips. Conventional hemispherical reamers of different diameters were
used to detect the defects’ shape and size; the latter were constrained by the anterior
and posterior acetabular walls. Then, a TM revision shell removed from the
peripheral titanium ring (TM-cup augment) was inserted into the shaped defects, and
the TM-cup augment with pressfit was stabilised and secured against the host bone
with the screws that were placed according to the bone mass around the acetabulum.
Next, hemispherical reamers of different diameters were used again to shape the
acetabulum by reaming the bone at the periphery of the acetabulum and the
periphery of the TM-cup augment rim. Until the size of the reamer was constrained
by the acetabular walls and the augment or a stable 3-point fixation was achieved by
the ischium and the augment!'”), a cementless hemispherical acetabulum component (a
Pinnacle or trabecular metal revision component) was inserted. The cement was only
placed between the TM-cup augment and the hemispherical acetabulum component,
and the rest of the surface of the cementless acetabular component was covered with
the host acetabular bone (Figure 1). Additional screws were inserted into the
acetabular bone through the holes in the acetabular component to enhance the initial
stability. In four of the six cases, additional screws were inserted though both the
acetabular component and the TM-cup augment into the ilium to further enhance
fixation. To do this, we needed to create additional screw holes in the TM revision
shell or the TM-cup augment with a high-speed burr.

The mean diameter of the TM-cup augment was approximately 50 mm (range from
48 to 52 mm). The Pinnacle acetabular cup was used in three hips, and the TM
revision shell was used another three hips. The mean diameter of the Pinnacle
acetabular cup was approximately 57 mm (range from 54 to 60 mm), and the TM
revision shell was approximately 57 mm (range from 56 to 58 mm). A mean of four
bone screws (range from 3 to 5) were used for each acetabular reconstruction, with a
median of two screws inserted through the acetabular component (range from 1 to 3)
and a median of two screws inserted through the TM-cup augment (range from 1 to
3).

Once the acetabular component and augment were secured, a liner was implanted
into the acetabular component. A highly cross-linked polyethylene liner was used in
five hips, and a ceramic liner was used in one hip. The femoral head size was 32 mm
in one hip and 36 mm in five hips (Table 2).

Postoperative recovery included partial weight bearing with the use of crutches for
the first six weeks. Full weight bearing was allowed thereafter. The patients stayed in
the hospital for a mean of 8.7 d (range from 7 to 10 d).

Clinical and radiographic assessment
Clinical and radiological evaluations were performed pre-operatively; at 3 mo, 6 mo,
and 1 year postoperatively; and annually thereafter. The functional results of the
arthroplasty were recorded according to the Harris hip scorel’l. A case was
considered a clinical failure if the component was revised again or if the clinical score
was worse than the pre-operative score.

Standard radiological analysis was performed on serial anteroposterior
radiographs of the pelvis and lateral views of the operated hip. The vertical position
of the hip COR was measured from the inter-tear drop line to the centre of the femoral
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Table 1 Patients’ demographic data

Patient Age (yr) Gender Height (cm) Weight (kg) Initial diagnosis  Prior surgeries
1 73 F 157 53 Femoral neck 2014 THA
fracture, Lt.
2 57 F 152 73 Osteonecrosis, Lt. 2006 THA
3 29 M 180 98 Posttraumatic September 21, 2012
acetabular internal fixation,
comminuted September 29, 2012
fracture, Lt. debridement x 3
(September 2012;
October 2012;
September 2014),
January 2015
debridement +
antibiotic-PMMA
beads
4 60 F 160 65 Osteonecrosis, Lt. 2002 THA
5 67 M 178 82 Osteoarthritis, Rt. 2005 THA
6 69 F 157 69 Osteoarthritis, Rt. 2009 THA

F: Female; M: Male; Lt: Left; Rt: Right; THA: Total hip arthroplasty; PMMA: Polymethyl methacrylate.

head, and the horizontal position was measured between the femoral head centre and
the perpendicular line from the inter-tear drop line at the tear drop!’.

The presence and evolution of radiolucent lines in the three zones of DeLee et al'*]
were recorded. The component was considered unstable if a radiolucent line at least 1
mm wide crossed all three acetabular zones or if any component migration could be
found. The fibrous stability of the component was characterized by a radiolucent line
less than 1 mm wide that crossed two of the three zones, while the component was
considered stable with the presence of bone ingrowth if the component was in close
contact with the pelvic bone and no radiolucent lines were found in at least two of the
three zones!"”l. Radiologically, a change in the abduction angle of the acetabular
component of more than 10° or a change in the vertical or horizontal position of the
component > 6 mm were defined as loosening!”. The presence of osseointegration was
evaluated according to the Moore criteria™!. Five radiographic signs were used:
Absence of radiolucent lines, presence of superolateral support, medial stress-
shielding, radial trabeculae, and inferomedial support. When three or more signs
were present, the positive predictive value of the radiographic test was 96.9%, the
sensitivity was 89.6%, and the specificity was 76.9%.

The Ethics Committee of the General Hospital of Chinese People’s Liberation Army
approved the study protocol. All study participants provided written informed
consent for the study.

RESULTS

The mean Harris hip score improved from 32.4 + 10.1 (range from 19.8 to 50.2) pre-
operatively to 80.7 + 5.6 (range from 71.5 to 87.5) at the last follow-up. Pre-operatively,
five patients had severe pain, and one had moderate pain. At the last follow-up, four
patients had no pain, and two had slight pain. Pre-operatively, three patients needed
a cane for long walks and three needed full-time support with crutches. At the last
follow-up, all six patients could walk unaided. Pre-operatively, five patients had a
severe limp, and one had a moderate limp. At the last follow-up, five patients had no
limp and one had a moderate limp.

The mean vertical position of the hip COR from the inter-teardrop line changed
from 60.9 £ 7.5 mm (range from 50.8 to 70.2 mm) pre-operatively to 31.7 + 8.8 mm
(range from 25.2 to 49.3 mm) postoperatively. Postoperatively, the vertical position of
five patients was less than 35.0 mm and that of one was 49.3 mm. The mean
horizontal position of the COR from the teardrop changed from 33.6 + 5.0 mm (range
from 28.5 to 39.5 mm) pre-operatively to 38.9 + 5.0 mm (range from 32.7 to 47.8 mm)
postoperatively.

At the last follow-up, there was no evidence of component migration compared to
the initial postoperative views. A radiolucent line was noted in one of the six hips,
and in this case, there was a radiolucent line smaller than 1 mm seen in zone C 3 mo
after surgery. However, the radiolucent line remained stable, and no further
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Figure 1 The surgical technique. A: A tantalum metal (TM) revision shell was removed from the peripheral titanium ring; B: The TM-cup augment was used to
reconstruct defects during operation and the bone above the TM-cup augment was reamed to catch the final cup; C: A Pinnacle acetabular cup was implanted.

progression was noted at the last follow-up. All the acetabular domes presented at
least three or more signs of fixation, in accordance with the criteria of Moore (Figure
2).

Complications
Greater trochanteric migration after ETO occurred in one of six hips at 3 mo. The
patient had a moderate limp, but she was quite satisfied with the current condition
and did not expect for a surgery to fix the migrated greater trochanter.

There were no cases of deep infection, deep venous thrombosis, nerve injuries,
pulmonary embolism, or death as a result of the revision procedure.

DISCUSSION

Management of Paprosky type IIIB acetabulum bone defects is a challenging and
unique reconstructive procedure. Superomedial defects are very common in revision
THA. To address this problem, we used our own cup-on-cup technique with a
cementless hemispherical acetabulum component and a tantalum metal revision shell
as a TM-cup augment. The TM-cup augment was implanted to reconstruct the
superomedial defects, and then the hemispherical acetabulum component was
implanted into the reconstructed acetabulum.

The TM augment was first introduced in 1997 and possesses a high coefficient of
friction and porosity!"‘l. Moreover, TM offers good bioactive and biological bonds to
host bone, and its characteristics include a high volumetric porosity, which appears
optimal for bone ingrowth, and a roughened surface micro-texture that provides a
scratch fit for increased initial stability upon implantation"l. All the above properties
of TM are why it is increasingly used in revision THA with severe acetabular bone
defects. Recently, many short-term reports have shown encouraging results from
using TM augments in type III acetabular defects (Table 3). Del Gaizo et all'! reported
that only one of 37 hips (2.7%) failed as a result of aseptic loosening during a mean
follow-up period of 60 mo (range from 26 to 106 mo). Grappiolo et al''l reviewed 55
acetabular revisions with a mean follow-up period of 53.7 mo (range from 36 to 91
mo) and reported three cases of revision for aseptic loosening (5.5%). Lingaraj et al*!
and Sporer ef al’! reported no aseptic loosening in their studies. Moreover, recurrent
instability was very common in revisions*'!l.

In our practice, we strived to restore the anatomical position of the hip COR to
achieve effective functioning of the abductors. During the surgical procedure, in the
presence of severe superior and medial migration of the hip COR, we utilized the TM-
cup augment to reconstruct the superomedial defects and restored the normal
position of the hip COR. The level of the hip COR was normal in five patients; we
could not restore a normal hip COR in one patient due to the large superior defects.
Finally, despite the large and severe size of the defects, we were able to use a medium
cup size in all patients. Avoiding using jumbo-cup could also prevent impingement
between the acetabular construction and soft tissue around the hip#.

In our study, we included patients with Paprosky type IIIB acetabulum bone
defects without pelvic discontinuity. During a mean follow-up period of 42 mo (range
from 36 to 52 mo), none of the six hips treated using our cup-on-cup technique failed
due to aseptic loosening, and only one case had greater trochanteric migration after
ETO. Our cup-on-cup technique with a fluted and tapered modular stem was used in
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Table 2 Implants used

Patient TM-Cup augment diameter (mm) Acetabular component Total number of screws Liner Femoral head diameter (mm)

1 48 54 mm Pinnacle 3 HXLPE 36
2 52 58 mm Pinnacle 3 Ceramic 36
3 48 58 mm TM revision shell 5 HXLPE 36
4 50 56 mm TM revision shell 4 HXLPE 32
5 52 60 mm Pinnacle 4 HXLPE 36
6 48 58 mm TM revision shell 5 HXLPE 36

TM: Trabecular metal; HXLPE: Highly cross-linked polyethylene.

five patients, and a primary femoral prosthesis was used on one patient; none of the
patients had recurrent instability.

Sheth et al™and Paprosky et all'! recommended removing the peripheral titanium
ring to facilitate the placement of screw holes at the periphery of a TM revision shell
and gained screw access to the ischium and/or superior public ramus. We regarded
the TM revision shell with a removed peripheral titanium ring as a TM-cup augment.
We utilized the TM-cup augment to reconstruct the large type IIIB superomedial
defects and made additional screw holes in it with a high-speed burr. Blumenfeld et
al™! described a cup-in-cup technique in which a large tantalum acetabular shell was
placed onto supportive host bone in a cementless fashion and a smaller shell was
cemented into the larger one, using the technique to restore offset in severe acetabular
defects™]. There was no evidence of loosening or migration during an average follow-
up period of 28 mo (range from 12 to 50 mo). Based on the aforementioned report, we
developed our cup-on-cup technique to reconstruct the type IIIB acetabulum bone
defects. A smaller cup rode on the superomedial region of a larger one, instead of
smaller cup, was implanted into the larger one (cup-in-cup technique). The larger cup
was put into the true acetabular region, which make it possible that the large head
was used in the revision THA.

The cup-on-cup technique achieved better clinical results in our study, but two
concerns existed with this technique. One was the TM particulates that were caused
by reaming the TM-cup augment rim, which may have an effect on the friction
interface and may result in the increasing wear of the highly cross-linked
polyethylene liner. During the surgical procedure, we used copious physiological
sodium chloride solution to repeatedly wash off the particulates to minimize the
damage. The other concern was the durability of the cementation between the
augment and the acetabular component. We used a screw to fix the augment and
acetabular component by making additional screw holes in the acetabular component
or the TM-cup augment, which may prevent the failure of the cementation.

Additionally, cost may be a factor in the reconstruction of severe bone defects. The
cost of the cup-on-cup technique was lower than that of using two conventional TM
augments to reconstruct severe superomedial defects in China.

We acknowledge the limitations of our study. The first limitation is the
retrospective design. Ideally, a randomized controlled trial should be performed
comparing this type of reconstruction with other techniques, such as a structural
allograft. Second, there was a very small number of patients in our study. Third, the
follow-up duration was short, and further results are unknown.

In conclusion, we judge our cup-on-cup technique to be an excellent choice to
reconstruct severe superomedial defects and restore the level of the normal hip center
of rotation. We will continue to use the technique and follow the patients to obtain
long-term clinical results.
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Table 3 Comparison of studies reporting reconstructions for Paprosky type lll acetabulum bone defects with tantalum metal augments

Reconstruction Mean Failure resulting Other L
Number and . - . complications
Ref. technique for Mean follow-up  postoperative hip from aseptic . .
Paprosky type . requiring
defects score loosening .
reoperation
Lingaraj et all’! 17 1IIA, 6 I1IB 21 TM shell- 41 mo (range, 24 to  Harris hip score 75.7 0 2 recurrent
without pelvic augment; 1 TM shell 62) (range, 53 to 100) instability, 1 early
discontinuity alone; 1 acetabular infection with
component-cage irrigation and
debridement
Sporer et all’] 28 IITA The TM shell- 3.1yr (range, 1to4) The modified Merle 0 1 recurrent
augment in all cases d’Aubigne and instability
postel score 10.6
Del Gaizo et all'’l  3711IA The TM shell- 60 mo (range, 26 to  Harris hip score 81.5 1 (2.7%) 5 recurrent
augment in all cases  106) (range, 27.0 to 99.8) instability, 4
infection with
irrigation and
debridement, 2
periprosthetic
femoral fracture
Grappiolo et all''l 42111, 13 TIIB The TM shell- 53.7 mo (range, 36 to Harris hip score 90.5 3 (5.5%) 1 recurrent
without pelvic augment in all cases  91) (range, 61 to 100) instability
discontinuity
Current study 6 IIIB without pelvic The cementless 42 mo (range, 36 to  Harris hip score 80.7 0 1 greater
discontinuity acetabulum 52) (range, 71.5 to 87.5) trochanteric
component and TM- migration

Cup augment in all
cases

TM: Trabecular metal.

Figure 2 A 29-year-old man with posttraumatic acetabular defect and recurrent infection. A: Pre-operative radiograph; B: Postoperative radiograph showing
reconstruction using our cup-on-cup technique; C: At the 36-mo follow-up, the implants were stable.
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ARTICLE HIGHLIGHTS

Research background

Acetabular bone defects are becoming more common in revision total hip arthroplasty. The
reconstruction of the defects may be a surgical challenge. For the reconstruction of the defects,
structural allograft has been used to initially stabilise the cementless hemispherical acetabular
component in the past decades. However, due to the collapse, resorption, nonunion, loosening,
and infection of the grafts, the cementless acetabular component that lacked successful biological
fixation and bone graft incorporation became susceptible to loosening. The success rate of
structural allografts was approximately 65% in a series of systematic reviews of the literature.

Research motivation

Trabecular metal with high frictional characteristics, low modulus of elasticity, and high
volumetric porosity (70% to 80%) has been widely used to reconstruct the defects during the past
decade. Hemispheric acetabular components with trabecular metal augments have been
reported by many authors to be associated with excellent clinical results. Many surgeons have
utilized two trabecular metal augments to reconstruct the superomedial type IIIB defects.
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However, the two largest trabecular metal augments cannot reconstruct the defects or restore the
normal hip centre of rotation because the defects are too large. For the sake of solving the
problem, we utilized a cup-on-cup technique to reconstruct the Paprosky type IIIB acetabulum
bone defects and restore the normal hip centre of rotation.

Research objectives
The main objective of this study was to report the short-term results of patients with Paprosky
type IIIB acetabular bone defects reconstructed using the cup-on-cup technique.

Research methods

Six patients (six hips) with a mean age of 59 years who underwent acetabular reconstruction
using our cup-on-cup technique between January 2015 and January 2017 were retrospectively
reviewed. All patients were followed both clinically and radiographically.

Research results

The mean Harris hip score improved from 32.4 pre-operatively to 80.7 at the last follow-up.
Greater trochanteric migration after extended trochanteric osteotomy occurred in one of six hips
at 3 mo. There was no evidence of component migration at the last follow-up.

Research conclusions

We present the clinical and radiographical results of six patients with type IIIB acetabular bone
defects. The short-term results suggest that our cup-on-cup technique could be considered an
effective management option for Paprosky type IIIB acetabular bone defects without pelvic
discontinuity.

Research perspectives

Due to the retrospective nature of this study and the small sample, it is difficult to obtain reliable
conclusions. However, our study provides a new surgical technique to reconstruct the Paprosky
type IIIB acetabulum bone defects.
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