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ABSTRACT

Porous metal augments have been used successfully for management of large acetabular defects during re-
vision hip arthroplasty. This study analyzes and compares the clinical and radiographic outcomes of porous
metal augments in cemented and uncemented acetabular revisions, all performed at the same institution. In
the period 2015-2017, 36 patients with 37 large acetabular defects were treated with porous metal augments
in cemented and uncemented acetabular revisions. Postoperatively, patients were monitored for two years
on average period of 24-36 months.

Acetabular augments were used when preoperative and intraoperative findings indicated the presence of large
acetabular defects that can hinder the stability of the revision implants. We used lateral approach, 36 mm
femoral head, and cementless or cemented acetabular cup depending on local bone quality. Postoperatively,
all patients followed total hip arthroplasty precautions, with weight bearing as tolerated regimen with use
of crutches during 6 weeks after surgery. The follow-up was radiological and clinical. We used HHS. At a
mean follow-up of two years (range 24-36 months) one patient had reinfection and one patient had infection.
None of the patients shown signs of aseptic augment or acetabular cup loosening. Porous metal augments
show comparable excellent radiographic and clinical short-term outcomes, when combined with cemented
or uncemented cups in revision hip arthroplasty. They allow good bone ingrowth, adequate implant contact
and good stability. Complications were related to infection and not related to the augments itself.
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INTRODUCTION

From all causes of total hip arthroplasty
revisions, aseptic implant loosening is the main
cause, especially acetabular cup. Wear debris re-
action in combination with the loose prosthesis
may result in large acetabular osteolytic defects.
Periprosthetic joint infection may also cause os-
teolytic defects, which can hinder proper stabil-
ity of the revision implant and present a major

challenge during surgery. The management of
severe acetabular defects in revision hip surgery
is a substantial challenge. Paprosky et al. [1] clas-
sified these defects into 3 categories (Table 1).
Historically, this challenge was addressed initially
with the use of large structural allografts with a
loosening and migration rate of up to 70% [2].
The current construct options to overcome these
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defects include jumbo cups, structural allografts,
anti — protrusio cages, augments and shells. The
presence of acetabular defects necessitates special
management during revision surgery. Small and
contained defects could be managed successfully
with uncemented, often screw stabilized, cups with
or without bone graft [3, 4] or with cemented cups
and impaction bone grafting. For larger uncon-
tained defects that prevent acetabular rim support
and hinder the revision cup stability, a buttress
may be needed to support the revision cup, bring
down the hip to its anatomic center, and also to
conserve the acetabular bone by allowing place-
ment of smaller cups. Both structural allografts
and porous metal augments have been used as a
buttress material, and superior results have been
reported for the metal augments [5, 6]. In the orig-
inal article by Paprosky et al. [1] the most common
defect found was 2b, which showed destruction
of the dome and/or medial wall and absence of
the superior rim, but retention of the anterior and
posterior columns. The porous metal augments
are with completely porous structure made from
commercially pure titanium. It provides a modulus
of elasticity similar to a bone, and a coefficient of
friction that allows for an impressive initial scratch
fit. Their surface porosity is thought to promote
the rapid osseointegration needed for stability and
long-term mechanical support, because of reduced
relative motion between components and native
bone [7].This primary stability also depends on
bone mineral density (BMD),”snug fit” between
cup and acetabular bone when press-fit, and the
surface porosity of components [8].The purpose
of this study is to evaluate the clinical and ra-
diographic results of such combination for the
reconstruction of acetabular defect in revision hip
arthroplasty.

Table 1
Femoral Head Kohler's Ischial
Type Center . Teardrop .
I Line Osteolysis
Migration
1 None Intact Intact None
2A Mild (<3 cm) Intact Intact None
2B Moderate (<3 cm) Intact Intact Mild
2 Mild(<3cm)  Disupted  MOUE vy
lysis
3A Severe (>3 cm) Intact M(l)}(li:irsate Moderate
3B Severe (>3 cm) Disrupted Slf; ‘;?;e Severe

Paprosky Classification of Acetabular Bone Loss

MATERIALS AND METHODS

From 2015 to 2017 37 acetabular revisions
with porous metal augments were performed (Grip-
tion TF augments DePuy Synthes). All patients were
identified from our institution database programs
using the current terminology codes for the revi-
sion THA (total hip arthroplasty) procedures with
augments. The indication for revision was aseptic
loosening in 21 patients, 2-stage revision for infec-
tion in 14 patients (one bilateral hip infection) and
in one patient primary hip augment insertion was
performed due to malunion after acetabular frac-
ture. Average patient weight 72 kg (52-98). Based
on Paprosky et al. classification [ 1], the preoperative
antero-posterior radiographs of these cases showed
that 18 hips were classified as Paprosky type 2B
defects, 9 hips as type 2C defects, 8 as type 3A and
2 hips were classified as type 3B defects (Table 2). A
lateral approach was used in all cases. Patients were
instructed to partially weight bear for 6 weeks post-
operatively. Patients were followed up at intervals
of 6 weeks, 6 months, and yearly thereafter. Twenty
of 37 patients were woman (21 hips) and 16 were
men. The mean age was 67.6 years (5371 years)
(Table 3). Postoperative anteroposterior pelvic and
lateral hip radiographs obtained at the last follow-up
visit were evaluated. Moore’s classification describes
radiographic signs suggestive for osseointegration
of uncemented shells [9]. This system was modified
by Gross et al to assess the probability of osseoin-
tegration of the shell and augment construct [10].
This modified classification considers augments to
be unstable if (1) >3 mm migration compared with
the early postoperative radiograph; (2) a radiolucent
line at the augment-bone interface; (3) radiolucent
lines around all screws; or (4) screw fracture. The
revision surgery was performed by one surgeon
through a lateral approach. The acetabular compo-
nent of the implant was revised with cemented cup
and augment in one hip and uncemented cup and
augment, as well, in 36 hips. Cup selection and fix-
ation methods were based primarily on the surgeon’s
own preference. We have used acetabular augments
when preoperative radiographic or intraoperative
clinical findings indicated that augment should be
necessary to achieve acetabular implant stability and
to restore the hip center of rotation. After removing
the old cups, the fibrous tissue and the old cement
mantle, if any, the acetabular defects were debrided.
Once the acetabulum has been exposed evaluated
preparation for the acetabular construct can begin.
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We start with riming the acetabulum at a level that
will restore the appropriate center of rotation. When
adequate rim contact has been obtained excluding the
defect region, preparation of the acetabular defect
to accept the augment starts. Once the acetabular
cavity has been prepared, acetabular trial is placed
into prepared bed at the correct center of rotation and
rasp is used for preparing the acetabular defect. The
rasp is used manually with strike plate and mallet
blows. If the defect has been prepared satisfactorily
and adequate bone contact is obtained, the augment
can be placed initially, followed by the shell. Then
the augment is inserted and secured in position with
3-4 screws. In addition, at the time of insertion of
the shell and augment, the surgeon should decide
whether cement fixation or mechanical fixation, us-
ing a bone screw can be placed through one of the
screw holes in the shell and also through the hole in
augment. In a cemented revision case, the acetabular
cavity and the remaining defect was impacted with
milled fresh frozen bone allograft, according to the
technique of Schreurs et al. [11] For the uncemented
revision cases, after acetabular preparation was done
and the augment was secured in place, most cases
had bone impaction grafting before the cup shell
was fixed with 2-3 screws. Postoperatively-all pa-
tients followed THA precautions with weight bearing
as tolerated regimen with use of crutches during 6
weeks after surgery. The follow-up was clinical ac-
cording Haris Hip score (HHS) and radiological with
preoperative, immediate postoperative 6 months and
1- year postoperative digital antero-posterior pelvis
and lateral hip radiographs.

Table 2
Based on Paproskv et al, classification
2B 18 acetabula
2C 9 acetabula
3A 8 acetabula
3B 2 acetabula
Table 3

Patients data

Number of 37 revisions

revisions
Patients gender 20women; 16 men
Indications for
revision

Aseptic loosening 21

Septic loosening 14 (one bilateral)

Primary endoprosthetic replacement
1(acetabular fracture)

67,6 years (range 53-71)
72 kg (52-98)

Mean age

Average patient
weight

Follow-up 24 months (range 24-36)

RESULTS

The mean follow-up for 37 revision total
hip arthroplasties was 2 years (24-36 months). As
the latest review, no patients were lost. At the time
of revision surgery femoral components were im-
planted in 3 patients with primary stems, 5 patients
have stable femoral stem and 29 patients were
treated with modular revision femoral stems. In
four hips extensive trochanteric osteotomies were
performed. The mean size of the gription shell was
56 mm and the mean size of gription augments was
20 mm (Table 4). 21 hips got impaction grafting
with milled fresh frozen bone allograft.

The deceased patients had been assessed ra-
diographically and clinically at 1- year follow-up
and were functioning well with no signs of implant
migration or loosening (Fig. 1). At the most recent
follow-up 35 hips were determined to be stable and
clinically successful. No progressive linear osteo-
lytic lucencies were evident around acetabulum, so
we defined them as stable. One hip augmentation
failed because of recurrent infection and the other
one failed, because of infection with cup migration
and subsequent loosening. This patient later under-
went a resection arthroplasty. The patient with re-
current infection had stable acetabulum. The failed
augment was noticed in type 3A defect with evi-
dence of osteolysis around the screws and breakage
has occurred in 2 of 4 screws. The complication af-
ter the revision arthroplasty was an infection. Clini-
cally, patients improved Harris Hip score 32 (range
14-48) to a mean postoperative score of 84 (36-98).
The success rate was 94,5%.

Table 4
Used implants No No impaction
and grafting graftinL
Pinnacle multi- 2 Gription TF 1
hole shell augments
52mm 50/52: 15 mm
54mm 3 50/52:20 mm 1
S56mm 17 54/56: 10mm 3
58mm 5 54/56: 15mm 6
60mm 4 54/56: 20mm 9 3
62mm 4 54/56: 30mm 2 7
64mm 1 58/60: 20mm 6 3
66mm 1 58/60: 30mm 3 2
3 3
62/64: 20mm
62/64: 30mm 2
66/68: 30mm 1
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Fig 1. Radiographic follow-up of a cemented and uncemented revision cases. Bilateral septic loosening with
large acetabular defects. Extirpation of prosthesis with extended femoral osteotomy, application of MMA
spacers and implantation of revision hip prosthesis with augments for acetabular defects

Fig 2. Preoperative radiograph with large superior acetabular defect with aseptic cup loosening. Postopera-
tive radiograph demonstrates stable fixation of augment with acetabular component

DISCUSSION most revision total hip arthroplasties in which
adequate bone is available to support an acetab-
ular component and provide contact for bone in-
growth [12, 13, 14]. Severe defects remain a chal-
lenge. The use of cages and traditional implants

Traditional porous coated acetabular im-
plants have proven to be an effective solution for
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have worked well in less severe defects, and the
use of bulk allograft with a cage has provided
a solution for hips in which contact cannot be
made with 50% of the host bone [15, 16]. How-
ever, as the severity of the defect and the length
of time in situ increases, such implants may fall.
Recent short-term reports regarding gription
metal acetabular components in revision cases
have shown promising results [17]. In contrast
to a cage, porous metal implants provide a high-
ly porous surface conductive to bone ingrowth
[18]. Porous metal augments provide a modu-
lus of elasticity similar to a bone, and a coeffi-
cient of friction that allows an impressive initial
scratch fit. Therefore, porous tantalum enables
physiological transfer of load, from implant to
host bone, minimization of stress shielding, and
preservation of limited bone stock [19]. These
implants have ability to use locking screws to
fixate the augment to host bone (Fig 3). Locking
screws help prevent the screw from becoming
loose and backing out of the augment. This min-
imizes the risk of compromising the fixation as a
result of screw migration. Morselized allograft,
structural allografts, and metal augments can be
used together to obtain optimal stability of the
hemisphere if needed.

- L] il

Fig. 3. Fixation options and position of the augment
with shell.

In the present study, the authors found
that 94.5% of the cups and augments were in
situ and radiographically stable at mean of 2
years follow-up. We are encouraged by these
short-term results, as well as those reported by
other authors. As for acetabular defects, when
assessing the acetabular defects before the revi-
sion surgery, the preoperative radiographs might

underestimate the size or even the presence of
acetabular defects that may come as a surprise
during surgery. In our opinion having acetabu-
lar augments available during all acetabular re-
vision surgeries is recommendable and can help
in improving the outcome. We report that the
combination of porous titanium augments and
shells confers favorable clinical and radiograph-
ic results. This approach allows anatomical cup
placement, good initial stability, and a simple
surgical procedure. However, there are several
limitations. A limitation of this study is that it is a
retrospective consecutive series without a control
group. A prospective control study with a larger
sample size i1s needed to further evaluate the re-
sults of the combined use of titanium augments
and shells with comparison with other methods
in reconstructing acetabular defects in revision
hip surgery. Ideally, a prospective randomized
trial comparing the effect of an alternate revision
technique would be conducted. Moreover, the
longer-term follow-up results for this reconstruc-
tion method need further assessment. Finally, in
this study, the extent of acetabular defect was re-
stricted to the superior acetabular rim and medial
wall. The teardrop of the acetabulum was intact.
The high cost, incapacity to restore bone stock
for future revisions, and lack of long-term data
are other criticisms of the augments and shell
technique. Despite these limitations, there is no
potential for reabsorption. The micro porosity
of the material favors biological fixation of the
implant and feeds the expectation of achieving
long-lasting stability [20].

CONCLUSION

Porous titanium augments combined with
titanium shells show satisfactory clinical and
radiographic outcomes for the reconstruction of
acetabular defects in revision hips surgery at a
mean 2 years of follow-up. This approach confers
anatomical cup placement and a high rate of sta-
ble fixation. Acetabular augments are composed
of highly interconnected porous metal. Physical
characteristics are similar to trabecular bone with
high coefficient of friction, low modulus of elas-
ticity and 70-80% porosity. These properties allow
bone ingrowth, adequate implant contact and good
stability. Complications were related to infection
and not related to the augments itself.
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Pe3ume

TPETMAH HA AIETABYJIAPHHU JE®EKTH
CO HAAT'PAJABA OJ ITOPO3EH METAJI

Jacmuu Llnpusupu, 3opan Hectoposckn, lapko Tanescku,
Tone Bpannmkoscku, Xpuctujan Kocros

Onnenenue 3a opronenuja u ckenerHa tpayma J3Y I'pagcka ommra 6omauna ,,8 Centemspu‘, Ckorje,
Peny6nuka CeBepna Makenonuja

Hanrpan6ara co mopo3eH MeTan BO TPETMAHOT Ha ToJieMH areTaldymapHu Je(eKTH YCIeITHO ce
KOPHCTH BO PEBU3UCKATA CHONPOTETCKA XUPYPrUja Ha KOJIKOT. Bo 0BOj TPy ce aHajIM3uMpa U ce KoMIIa-
pypa KIMHUYKHAOT ¥ paguorpadCKUOT pe3yliTar Ha HaArpaadara co Iopo3eH MeTall Ha aleTadyayMoT OJl
KOJIKOT IIpH I/IMHJIaHTaI_II/Ija Ha OIEMEHTHU U 6G3HCMHTHI/I PEBU3UOHU aueTa6ynapHH Kaltu, CUTC U3BCACHHU
BO ncrTara ycranosa. Bo mepuomot 2015-2017 roguna, 36 maruerTs co 37 royiemu aretadynapau gedek-
Tn 6ea TpeTHpaHu co HaArpamda oa MOPO3EH METal W UMIUIAHTHPAHO IIEMEHTHU U OC3I[EMHETHHU KAarld.
ITocTonepaTuBHO MaIUEHTUTE Oea CIIEICHN ABE TOIWHHU, BO ITpocek 24—36 meceru. AreradynapHa Hal-
rpaaba Oerre MpruMeHeTa Kora IpeAoNepaTUBHIOT U MHTPAOTIEPAaTHBHUOT HAO/ yKa)KyBallle Ha MTPUCYCTBO
Ha rojieM anrelymapeH nedeKT, Koj ja MompedyBa CTa0MIHOCTa Ha PEBU3UCKUOT UMIUIAHT. KoprcreBme
JmaTepalieH mpuctan, 36 MM (emMopaHa IiaBa W IIeMEHTHA WM Oe3IeMEHTHA alleTa0uiIapHa Karma, BO
3aBHCHOCT OJ1 JIOKAJTHHOT KOCKEH KBanuTeT. [locTomnepaTiBHO CUTE MAIMEHTH T cliefiea PeropaKuTe 3a
JIElyMHO OIITOBapyBam¢ Ha OMEPUpaHaTa HOra CO IMOMOII Ha JIBE MOTHNAa3yBHH MMATEPHIIA BO IEPUOJ 0] 6
Hegenu. Cle/IelheTo Ha pe3yaTaTuTe OJl OTiepaTuBHATa MHTEPBEHIM]a Oellle pauooKy U KIMHIYKH. [0
xopucteBme Xapuc Xurn Cxopot (HHS), co cpenen nepuon Ha cienerme o 1Be TOAWHH, pocek (24-36
Mmecenu). Kaj enen manuenTt ce moBTopu MHGEKIMjaTa U Kaj €ACH MaleHT ce MmojaBu nHpeknuja. Hury
eIICH OJ] TAIMEHTUTE HE MPOjaBH 3HAIM 32 0JabaByBamk-e¢ Ha METAIHATA HAITpaada win areradyaapHara
kara. Hanrpambara Ha aneraOynapHuTe neeKTH Co TTOPO3eH METall TIOKaKa COMUIHNA pamuorpadCKu U
KIMHUYKA PE3yATaTy MPHU KPaToK MepHoj Ha ciefeme. Tue 06e30emyBaar 100po KOCKEHO CpacHYBambe,
aJIeKBaTCH KOHTAKT CO MMIUJIAHTOT M HeroBa mobpa crabmiHocT. KoMmmmukanuure O6ea BO peramnmja co
uH(eKIrjaTa, a He CO CaMUTe HaaTrpaa0u.

Kayunu 300poBu: Haarpanda o mopo3eH MeTal, anetadyiaapHu JeeKTH, peBU3NCKA XUPYpruja
Ha KOJIK



