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Abstract
Purpose Patients suffering from post traumatic osteoarthritis
of the acetabulum often require a total hip arthroplasty at a
relatively young age. Long-term data outcome studies for this
population are lacking.We report on the long-term outcome of
20 acetabular fractures in 20 patients treated with impaction
bone grafting and a cemented cup after a mean follow-up of
18 years (range, 12–26 years).
Methods The group consisted of 14 males (70 %) and six
females (30 %) with an average age of 53.3 years (range, 35–
75 years) at time of surgery. No patients were lost to follow-
up. Four patients died and three patients underwent a revision;
at review 13 patients were still living with their implant in situ.
Survivorship analysis was performed at 20 years follow-up for
three endpoints.
Results Survival rate with endpoint revision for any reason at
20 years postoperative was 74.7 % (95 % confidence interval
(CI), 40–91 %), 80.0 % (95 % CI, 41–95 %) for endpoint
aseptic loosening, and 63.9 % (95 % CI 32–84 %) for end-
point radiographic failure. Three acetabular components were
revised at 14.5, 15.3, and 16.7 years postoperative. Two cups
failed for aseptic loosening and one cup failed due to septic

loosening. The average postoperative Harris hip score was 82
(range, 56–100).
Conclusion Acetabular reconstruction with impaction bone
grafting and the use of a cemented cup after acetabular fracture
is an attractive technique with acceptable long-term results
and a low complication and re-operation rate.
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Introduction

Despite the frequent use of open reposition and internal fixa-
tion (ORIF) in an effort to overcome joint damage after an
acetabular fracture, post traumatic osteoarthritis is still present
in 20–30 % of all cases and finally 30 % requires a total hip
arthroplasty (THA) [1, 2]. Unfortunately, the results of total
hip arthroplasties after post traumatic osteoarthritis appear to
be inferior in comparison with THA after primary osteoarthri-
tis [3, 4]. Significantly higher rates of aseptic loosening have
been reported, which is attributable to the extent of bone stock
loss, the abnormal anatomy after trauma, and the relatively
young age of the patients who often have an increased activity
level [5, 6]. Several authors reported inferior results of
cemented cups compared to uncemented cups due to pre-
existing acetabular bone loss, deformity, and compromised
bone quality which may interfere with the component fixation
[7, 8]. Review of the literature shows a trend towards the use
of uncemented cups; however long-term results are unavail-
able for both cemented and uncemented cups.

We previously reported our approach in these patients
using impaction bone grafting (IBG) and a cemented cup
[9]. The aim of this study was to report the long-term clinical
and radiographic outcome of these acetabular reconstructions
with impaction bone grafting and a cemented cup after
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acetabular fractures at a mean follow-up of 18 years after
surgery (range, 12–26 years).

Materials and methods

In this retrospective review we report on 20 consecutive
patients treated from January 1984 till January 2000. All
patients were treated with a cemented cup in combination with
the technique of IBG for secondary osteoarthritis due to an
acetabular fracture.

Fourteen males (70 %) and six females (30 %) were treated
12 (60 %) times on the left and eight (40 %) times on the right
side. Nineteen fractures (95 %) occurred due to traffic acci-
dents with high impact forces. One patient (5 %) sustained a
fracture after being crushed between a truck and a wall.
Twelve patients (60 %) were initially treated with ORIF and
eight (40 %) were treated with closed reduction and traction.

All patients received IBG based on the combination of
secondary osteoarthritis, loss of bone stock or gross deforma-
tion of the acetabulum after enduring an acetabular fracture.
The average age at time of the initial fracture was 34.5 years
(range, 16–72 years) and the average time from initial fracture
till the operation was 20 years (range, six months to 40 years).
The average age at time of surgery was 53.3 years (range, 35–
75 years).

Pre-operative defects were classified according to the
American Academy of Orthopaedic Surgeons (AAOS) [10].

Type 1 segmental acetabular defects were present in three
patients (15 %), type 2 cavitary defects in ten (50 %), type 3
combined defects in five (25 %), and type 5 arthrodesis in two
patients (10 %). At time of operation 19 patients were class A
according to the Charnley classification [11], and one patient
class C as a result of bilateral THA.

No patient was lost to follow-up; however, four patients
died during follow-up at respectively three, four, 19, and
21 years postoperatively. None of the deceased patients died
due to causes related to the THA. These patient have been
followed on a regular basis and their data were included until
death. Three patients underwent revision surgery, leaving 13
surviving patients with an implant still in situ available for this
study. This group contained seven men (54 %) and six women
(46%)with amean follow-up of 18 years (range, 12–26 years)
after surgery.

All hips were approached with a posterolateral approach.
The surgical technique of cementing a cup with IBG is de-
scribed in detail in our previous report [12]. Six medial wall
and three peripheral wall deficiencies were reconstructed with
metal meshes. Sixteen patients received an autograft, one
patient only received an allograft, and three patients were
treated with both auto- and allograft chips. The bone chips
were produced by using a rongeur resulting in chips with an
approximate diameter of 7–10 mm. The bone grafts were
firmly impacted, and the last impactor was oversized by 2–
4 mm relative to the final cup diameter to ensure a reproduc-
ible thickness of the cement layer. All patients were treated

Fig. 1 a The anterior–posterior
radiographs of a 52-year-old
woman with an extensive
acetabular fracture treated
conservatively. b Eight years after
the trauma with post traumatic
osteoarthritis, extensive bone
loss, and an impaired
biomechanical anatomy. c
Directly postoperative after the
acetabular reconstruction with a
mesh on the medial side of the
bone graft, thereby restoring the
biomechanical anatomy. d The
last radiograph taken 23 years
postoperative at last inspection
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with antibiotic loaded cement, either Palacos® bone cement
loaded with gentamicin (Merck Darmstadt, Germany) or Sur-
gical Simplex® bone cement loaded with erythromycin and

colistin (Stryker Orthopaedics, Newbury, UK). After cement
pressurization the cup was inserted.

All patients were seen at least biennial for clinical and
radiographic follow-up. The Harris hip score (HHS), Oxford
hip score (OHS), and the visual analogue scale (VAS) for pain
in rest, during activity, and for satisfaction were obtained at
our clinical scoring station by an independent observer.

All radiographs were assessed by three authors (EB, MtS,
and BWS). The extent of the acetabular defects was deter-
mined by using the operation record and evaluating the pre-
operative radiograph. Incorporation of the graft was assessed
according to Slooff et al. [13]. Radiolucencies were scored in
the three zones of DeLee and Charnley [14]. Migration of the
cup was measured in relation to the inter-teardrop line [15,
16]. Heterotopic ossifications were scored according to
Brooker et al. [17].

Clinical failure was defined as the need for a revision of the
acetabular component for any reason. Radiographic failure
was defined as a radiolucent line wider than 2 mm in all three
zones of DeLee and Charnley [14] or migration of the socket
of more than 5 mm in relation to the inter-teardrop line [15,
16]. All these radiographic endpoints were measured in the
anterior-posterior view.

Kaplan-Meier survival analysis was performed for
three endpoints: revision for any reason, revision for
aseptic loosening, and radiographic loosening. All analy-
ses were performed with Graphpad Prism® (La Jolla, CA)
version 6.0.

Results

Clinical results Of the surviving patients, two were unable to
complete the questionnaires due to mental illness. However,
their clinical status and their radiographs were available. The
average pre-operative HHSwas 43 (range, 26–61) (n=10) and
improved to 82 (range, 56–100) (n=11) at final follow-up.
The average post-operative OHS was 18 (range, 12–29) (n=
10), VAS rest was 13 (range 0–60) (n=11), VAS during
exercise was 18 (0–70) (n=11), and VAS satisfaction was 89
(55–100) (n=11). Seven out of 11 patients reported no pain in
rest at final follow-up.

Revisions and re-operations Three acetabular components
were revised at a mean follow-up of 15.5 years (range, 14.5–
16.7 years). The first revision was performed 14.5 years post-
operative as a result of progressive pain and cupmigration due
to a late hematogenous infection. This patient was treated with
a two stage revision for septic loosening of both components.
The other two patients were treated for aseptic loosening with
migration of the cup at respectively 15.3 and 16.7 years
postoperative.

Fig. 2 a–c Kaplan-Meier survival curves showing the survival of the
acetabular components for three endpoints: revision for any reason,
revision for aseptic loosening, and radiographic failure. The dashed lines
indicate the 95 % confidence interval
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One patient was reoperated for a hematogenous infection
four months after index surgery of the THA. The implant
remained in situ and the infection was cured by placement
of gentamicin beads and treatment with oral antibiotics.
One other patient was reoperated upon for aseptic loosen-
ing of the femoral component 14 years postoperatively.
The acetabular components in both patients are still in situ
and functioning. There were no dislocations.

Radiographic analysis Radiographs were complete in 19
patients (95 %) (Fig. 1). Five acetabular components were
loose on radiographs, and their follow-up until radiographic
failure was at 8, 11, 14.1, 14.5, and 16.7 years post operation.
Three of these acetabular components had been revised (two
due to aseptic loosening and one due to septic loosening), as
mentioned before. One patient died with a migrated cup in
situ. The last patient is still functioning with the loose cup in
situ; radiographs showed a radiolucent line in zone one, an
osteolytic process in zone three, and craniomedial migration
of more than 5 mm. The majority of the migration occurred in
the first postoperative year and stabilized afterwards. Al-
though this cup failed for radiographic survivorship, the
patient still reported a HHS of 96 at final follow-up.

Analysis of the remaining 12 cups revealed radiolucent
lines in nine of the 36 evaluated zones (25 %). Three cups
showed radiolucent lines in two zones and three cups showed
a radiolucent line in one zone. Five of these nine zones were
progressive. Graft incorporation was seen in 31 zones, six
zones were not incorporated, and we were unable to classify
two zones due to an overlying mesh. The average wear was
0.09 mm/year (range, 0.03–0.22 mm/year). Eleven patients
(55 %) showed no sign of peri-articular ossifications, eight
patients (40 %) were class І, and one patient (5 %) was class
ІІІ according to the Brooker classification [17]. Three of these
nine patients (33 %) had pre-existent peri-articular
ossification.

Survivorship analysis Using the Kaplan-Meier survival anal-
ysis, the 20-year survivorship was 74.7 % (95 % CI 40–91 %;
Fig. 2a and Table 1) for cup revision for any reason, 80.0 %
(95 % CI 41–95 %; Fig. 2b) for cup revision for aseptic
loosening, and 63.9 % (95 % CI 32–84 %; Fig. 2c) for
radiographic failure.

Discussion

The purpose of this study was to fill the gap in literature on
long-term outcome data after inserting a total hip implant in
patients with secondary osteoarthritis after an acetabular frac-
ture. Therefore, we report the long-term survival of cemented
cups in combination with IBG after enduring an acetabular
fracture with loss of bone stock. The outcome is acceptable
with a survival rate of the acetabular reconstructions of 75 %
with endpoint revision for any reason after 20 years follow-up.

Even though our group is small, we think our data are
relevant. All patients with secondary osteoarthritis after an
acetabular fracture were treated with the same protocol during
the observed study period, so there is no treatment bias. We
only use impaction bone grafting in acetabuli that are really
deformed after the acetabular fracture, so this study is based
on the more severe cases. In cases with minimal bone loss or
deficiency after an acetabular fracture, we just cement the cup.
No patient was lost to follow-up, despite the long follow-up.
The technique of using IBG with a cemented cup has not
changed and is still an option nowadays. In addition, the
average follow-up of 18 years is long compared to similar
studies that report an average follow-up of 4.7–12 years [1, 4,
7, 8, 18–20]. All our patients were seen on a biennial basis at
our outpatient clinic and radiographic files were complete in
nearly all cases.

Limitations of this study are the amount of patients includ-
ed and the lack of pre-operative radiographs of the initial
trauma. Pre-operative radiographs of the original trauma were
only available in eight out of 20 patients (40 %) due to the fact
that the initial trauma was treated in another trauma center.
Therefore, it was impossible to classify the initial fracture
pattern.

Comparison of our results to the literature is hampered due
to the lack of studies with a similar follow-up. Weber et al. [7]
reported a survival rate with endpoint aseptic loosening of
83% (95 CI, 72–97%) after 15 years follow-up in a group that
contained 44 cemented cups and 22 uncemented cups. The
average follow-up for the uncemented cups was 3.9 years and
14.9 years for the cemented cup. Therefore, the survival after
15 years within their population was mainly based on the
results of the cemented cups, which confirms that cemented
cups do well after acetabular fractures with comparable out-
comes to ours at 15 years. Certainly, the survival rates in our

Table 1 Survival analysis

Outcome Number 15-years analysis Number 20-years analysis

Revision for any reason 10 93.3 % (95 % CI 61.2–99.0 %) 5 74.7 % (95 % CI 40–91 %)

Revision for aseptic loosening 10 100 % 5 80 % (95 % CI 41–95 %)

Radiographic failure 7 74.6 % (95 % CI 45–89.8 %) 5 63.9 % (95 % CI 32–84 %)
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study slightly declined after 20 years, but Harris hip scores
were still acceptable and comparable to scores published by
other authors which varied between 72 and 93 after substan-
tially shorter follow-up periods [1, 7, 18–20]. In addition, both
the survival and the clinical scores are comparable to the
results seen in patients treated with acetabular IBG and a
primary THA [21]. Complication rates remained low with
two re-operations and three revisions. All three revised hips
are currently still functioning after an average follow-up of
ten years after revision. This correlates with the statement that
the use of IBG reconstitutes the bone stock loss, facilitating a
future revision when necessary [9, 22].

We agree with Romness and Lewallen et al. [8] that the extent
of bone stock loss and presence of abnormal anatomy increases
the failure rate. However,we disagreewith their recommendation
that initial ORIF is essential to reconstruct the anatomy for a
subsequent THA [18]. Miller et al. [23] presented a case series in
which the accuracy of the fracture reduction with ORIF was
thought to be anatomical in 58%, imperfect in 29%, and poor in
13 % on plain radiographs. Unfortunately, evaluation with CT
images revealed an imperfect reduction in 51 % and poor reduc-
tion in 49 % of all cases. The author found no correlation
between radiographic and clinical outcome [23]. There is also
no clear evidence ORIF improves the success rate of the subse-
quent THA [6]. Due to the previous operation, there is an
increased risk of developing an infection, peri-articular ossifica-
tions and scar tissue, and the presence of retained hardware
increases the complexity of the placement of the THA [18, 24].

Placement of an uncemented implant without IBG can be
challenging due to the necessary removal of retained hardware
which can significantly lengthen the operation time and there-
by cause increased infection risk [19, 25]. Bellabarba et al.
[18] reported the results of a population treated with an
uncemented cup and found a significant difference of
45 min in operation time between the ORIF and the closed-
treatment group. Within our group we found no significant
difference (p=0.38, 23 min).

In conclusion, the use of a cemented cup in combination
with IBG in deformed acetabuli with bone stock loss after
acetabular fractures results in satisfying outcome, even at
20 years after surgery.
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