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Abstract
Introduction Open reduction and internal fixation is considered the gold standard of treatment for displaced acetabular 
fractures in younger patients. For elderly patients with osteoporotic bone quality, however, primary total hip arthroplasty 
(THA) with the advantage of immediate postoperative mobilization might be an option. The purpose of this study was to 
evaluate the clinical and radiological outcomes of surgical treatment of displaced osteoporotic acetabular fractures using the 
acetabular roof reinforcement plate (ARRP) combined with THA.
Materials and methods Between 2009 and 2019, 84 patients were operated using the ARRP combined with THA. Inclusion 
criteria were displaced osteoporotic fractures of the acetabulum with or without previous hemi- or total hip arthroplasty, age 
above 65 years, and pre-injury ability to walk at least with use of a walking frame. Of the 84 patients, 59 could be followed 
up after 6 months clinically and radiographically. Forty-nine (83%) were primary fractures and 10 (17%) periprosthetic 
acetabular fractures.
Results The mean age was 80.5 years (range 65–98 years). The average time from injury to surgery was 8.5 days (range 
1–28). Mean time of surgery was 167 min (range 100–303 min). Immediate postoperative full weight bearing (FWB) was 
allowed for 51 patients (86%). At the 6-month follow-up, all 59 patients except one showed bony healing and incorporation 
of the ARRP. One case developed a non-union of the anterior column. No disruption, breakage or loosening of the ARRP 
was seen. Additional CT scans performed in 18 patients confirmed bony healing. Twenty-six patients (44%) had regained 
their pre-injury level of mobility. Complications requiring revision surgery occurred in 8 patients. Five of them were suf-
fering from a prosthetic head dislocation, one from infection, one from hematoma and one from a heterotopic ossification.
Conclusions The ARRP has proven to provide sufficient primary stability to allow for immediate FWB in most cases and 
represents a valuable option for the surgical management of displaced acetabular fractures in this challenging patient group.

Keywords Acetabular fracture · Osteoporosis · Elderly · Full weight bearing · Reinforcement ring · Antiprotrusion cage · 
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Introduction

Open reduction and internal fixation (ORIF) is considered 
the gold standard of treatment for displaced acetabular 
fractures. The prerequisites for a favorable outcome after 
ORIF, however, are anatomical reduction and maintenance 
of reduction until healing. Over the last years the number of 
patients with osteoporotic acetabular fractures has increased 
with fractures commonly caused by low energy trauma from 
a ground standing position [1, 2]. While the typical frac-
ture pattern in younger patients involves the posterior col-
umn and posterior wall, the typical fracture pattern in older 
patients involves the anterior column and the quadrilateral 
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plate (QLP) with concomitant medial dislocation of the fem-
oral head [1, 3, 4]. Fractures in this age group are frequently 
complex and comminuted with superomedial dome impac-
tion and femoral head lesions [5, 6]. Whereas outcomes after 
ORIF usually are satisfying in younger patients, outcomes 
with ORIF alone have been mixed in elderly patients [7, 8]. 
Subcortical impaction makes anatomic reduction difficult to 
achieve with the risk of postoperative arthritis and the neces-
sity for secondary total hip arthroplasty (THA) [6, 9–13]. As 
elderly patients often suffer from several comorbidities and 
a limited physiological tolerance, a long surgical procedure 
and a subsequent limited mobility due to restricted weight 
bearing represent considerable health risks. Due to the spe-
cial features of osteoporotic acetabular fractures, the desire 
for primary implantation of a THA has increasingly arisen in 
recent years [9, 11, 13–15]. The question of stable anchorage 
of the implant in the fractured acetabulum was in the focus 
of interest. Authors recommended a cabling reinforcement 
technique [16], an antiprotrusion cage with additional plat-
ing [9, 11, 17, 18] or a two-incision approach technique [13].

The acetabular roof reinforcement plate (ARRP) pre-
sented in this study was designed with the intention to 
achieve a stable fixation that allows full weight bearing 
(FWB) immediately after surgery without any additional 
fixation technique. The stability is achieved by an angu-
lar stable anchoring technique in the intact iliac bone. The 
goal of this study is to present the clinical and radiological 
results of a series of 59 patients with displaced osteoporotic 
acetabular fractures who were treated with the ARRP and 
hip arthroplasty.

Materials and methods

This retrospective study was approved by the local ethics 
committee and no concerns were raised regarding the use 
of the ARRP. From 2009 to 2019, eighty-four patients with 
displaced fractures of the acetabulum were treated with the 
ARRP as an antiprotrusion cage [19, 20]. Eighty-three were 
acute fractures and one a non-union after open reduction 
and internal fixation (ORIF). All 84 patients except 3 were 
treated in two level-one trauma centers. Inclusion criteria 
for the insertion of this implant were a displaced acetabu-
lar fracture with or without a previous hemi- or total hip 
arthroplasty, age above 65 years, osteoporotic fracture as 
identified by a low-energy trauma such as a ground-level 
fall, significant marginal impaction and pre-injury ability to 
walk at least with use of a walking frame.

Of the 84 patients, 11 had died due to cardiac failure 
within the first 6 months after surgery. Another 13 patients 
were seen only at the 3 months but not at the 6-month 
follow-up visit and one patient was excluded due to failed 
former osteosynthesis, leaving 59 patients for full clinical 

and radiographical examination after 6 months (Table 1). 
Thirty-four were males and 25 females. The mechanism of 
injury included a simple ground level fall in 51, a level fall 
(tractor, ladder) in 3, a ski accident in 3 and a bicycle acci-
dent in 2 patients.

The fractures were classified according to Letournel 
and Judet [21]. Twenty-five were anterior column poste-
rior hemitransverse fractures (ACPHT), 15 were transverse 
fractures, 10 both-column fractures, 4 T-shaped fractures, 
3 fractures of the anterior column + QLP, 1 posterior wall 
fracture and 1 was an anterior column fracture.

Forty-nine patients presented with a displaced primary 
fracture and 10 with a displaced periprosthetic acetabular 
fracture after a previous hemiarthroplasty (4 patients) or 
total hip arthroplasty (6 patients).Of the 10 patients with 
periprosthetic acetabular fractures, 6 had a transverse frac-
ture, 2 a T-type fracture, 1 an ACPHT with disruption of 
the QLP and 1 a fracture of the QLP without fracture of the 
columns.

The ARRP

For the first 29 patients, the custom-built Acetabulum 
Roof-Reinforcement Plate (ARRP) 3.5 (DePuy Synthes, 
Bettlach, Switzerland) was used. For the second series the 
same implant was used but now certified with a CE mark at 
least in the last years (41medical AG, Bettlach, Switzerland). 
The implant, which is an antiprotrusion cage, has an outer 
diameter of 50 mm and an inner diameter of 48 mm. It is 
designed for cemented cups with a diameter of 44–48 mm. 
On the top side, the ring of the implant is extended by a fin 
which holds 8 angular stable 3.5 mm screws. The design of 
the holes for the angular stable screws is such that the screws 
are aiming in divergent directions to increase primary stabil-
ity. The implant comes in one size with different versions of 
the fin for the right and left hip. Based on anatomical studies 
the fin is shaped to fit the acetabular roof and the anterior 
and middle part of iliac bone. The ring itself holds another 
seven 3.5 mm holes but experience has shown that only the 
upper 2 or 4 were important as these screws go into the 
acetabular roof providing additional stability. Screws placed 
in the fractured anterior or posterior columns were without 
any benefit for stability and have been left (Fig. 1b).

Surgical technique

The surgical technique has already been published [19, 
20], and therefore, only a brief description is given here. 
Under general anesthesia the patient is placed in supine 
position. Classic lateral [22] or anterolateral approaches 
for hip replacement are used. In our hands the anterolateral 
approach (Watson-Jones) approach is preferred as it gives 
very good access to the acetabular roof and the adjacent 
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Table 1  Overview of the 59 patients with displaced acetabular fractures treated with the ARRP and THA

Patient Age Sex Injury mechanism Type Classification Days to 
surgery

Surgical 
time (min)

Hb preop Hb postop Revisions

1 88 F Fall Periprosth Transv 8 140 11.7 9.6
2 88 M Fall Primary Ant col 14 115 14.8 12.6 Dislocation
3 84 M Level fall Primary ACPHT 13 145 12.4 10.6
4 86 M Fall Primary Transv 13 100 11.0 10.9
5 76 F Fall Periprosth Transv 7 149 11.8 8.5
6 80 F Fall Primary ACPHT 3 230 11.0 10.8
7 92 F Fall Primary ACPHT 2 144 12.4 9.7
8 80 F Fall Primary Both col 6 141 12.6 11.2
9 73 M Ski Primary Both col 4 230 9.9 8.6
10 80 M Fall Primary ACPHT 5 127 10.4 11.0 Dislocation
11 83 F Fall Primary Both col 7 260 11.1 9.3 Hematoma
12 87 F Fall Primary ACPHT 3 163 11.3 10.1
13 81 M Fall Primary ACPHT 9 149 11.8 9.6
14 79 M Level fall Primary ACPHT 5 158 12.4 9.5
15 82 F Fall Primary Ant col 16 139 12.5 9.5
16 79 F Fall Primary ACPHT 11 194 12.3 9.9
17 71 F Fall Primary ACPHT 12 213 11.0 11.4
18 94 F Fall Primary Both col 4 242 12.1 11.4 Dislocation
19 70 M Fall Primary ACPHT 3 165 11.4 8.1 Dislocation
20 65 F Fall Primary Transv 7 192 12.5 11.5
21 85 F Fall Primary ACPHT 7 190 12.1 10.1
22 76 M Ski Primary Both col 5 223 11.6 9.7
23 70 M Ski Primary Both col 1 303 12.1 9.2
24 88 M Fall Primary ACPHT 2 140 10.4 10.0
25 88 M Fall Primary ACPHT 6 130 11.3 10.1
26 76 M Bicycle Primary Both col 5 210 11.2 10.9
27 81 M Fall Primary ACPHT 3 247 11.0 9.5
28 65 F Fall Periprosth Transv 26 269 10.3 8.5
29 68 M Fall Primary ACPHT 17 131 10.5 8.2
30 81 F Fall Primary ACPHT 7 179 12.2 11.4
31 85 M Fall Primary ACPHT 8 147 11.8 8.3
32 84 F Fall Periprosth Transv 9 107 10.7 9.4
33 95 M Fall Primary ACPHT 3 116 13.9 9.9
34 87 M Fall Primary ACPHT 4 129 10.5 8.6
35 69 F Fall Primary T-type 2 175 10.2 8.0
36 74 M Fall Periprosth T-type 8 148 14.2 10.8
37 71 M Level fall Primary ACPHT 5 130 13.5 8.8
38 76 M Fall Primary Both col 4 112 9.8 6.8 HO
39 69 M Bicycle Primary Both col 10 123 10.6 8.4
40 67 M Fall Primary T-Type 16 189 10,2 9.2
41 83 M Fall Primary Transv 23 166 10.3 9.6
42 83 F Fall Primary Ant col 28 235 10.4 9.1
43 88 F Fall Primary Transv 6 120 11.0 9.2
44 79 M Fall Primary ACPHT 14 160 11.6 10.3
45 73 M Fall Periprosth ACPHT 10 105 10.7 9.5
46 73 M Fall Primary Transv 3 202 12.9 10.9
47 84 F Fall Primary Both col 18 162 11.8 8.9
48 86 F Fall Primary ACPHT 6 142 10.0 8.8
49 86 M Fall Periposth Transv 4 173 12.6 9.8
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iliac bone. After opening the capsule by T-shaped inci-
sion the femoral neck is osteotomized. The following steps 
are described for a primary fracture. The entire capsule is 
removed in order to provide good exposure of the acetabu-
lum. The cartilage is removed with a spoon and the socket is 
reamed starting with a 44-mm reamer which goes up step by 
step to 52 mm. The anterosuperior aspect of the acetabular 
roof and the adjacent iliac bone is exposed by about 5 cm 
for positioning the fin. The roof reinforcement plate is intro-
duced without an attempt of prior reduction of the fracture. 
All holes of the fin and the three upper holes of the ring are 
used for fixation with angular stable screws to the iliac bone. 
In most of our cases the anterior and posterior ring holes 

were not used as fixation of the anterior and/or posterior 
column seems not to be necessary. In case of an anterior col-
umn fracture the fin is placed in the middle of the acetabular 
roof in order to avoid the fracture line. The femoral head is 
used for bone grafting on the bottom of the acetabulum to 
improve bony healing and prevent cement leakage into the 
pelvis. In case of a periprosthetic acetabular fracture where 
no femoral head is available, a Prolene Mesh-graft (Ethicon, 
Johnson & Johnson Medical, Norderstedt, Germany) is fixed 
with a number of sutures to cover the ring’s inner aperture 
in order to prevent cement leakage into the pelvis. A cup of 
44–48 mm diameter is cemented into the cage. Subsequently 
the femoral component is implanted.

Table 1  (continued)

Patient Age Sex Injury mechanism Type Classification Days to 
surgery

Surgical 
time (min)

Hb preop Hb postop Revisions

50 98 M Fall Primary ACPHT 9 168 10.2 7.1
51 69 M Fall Primary ACPHT 24 210 10,4 7.8
52 89 F Fall Periprosth T-type 2 122 12.2 9.2 Dislocation
53 75 F Fall Periprosth Transv 9 174 10.3 7.9 Infectiona

54 90 M Fall Periprosth Transv 8 142 11.1 8.9
55 65 F Fall Primary Transv 10 133 11.3 8.0
56 95 M Fall Primary Both col 4 156 10.2 8.2
57 84 F Fall Primary post wall 4 168 13.3 9.5
58 91 M Fall Primary Transv 9 153 11.2 8.4
59 83 M Fall Primary Transv 8 178 11.3 7.4

Hb hemoglobin level, HO heterotopic ossification
a Although suffering a complication requiring revision surgery, this patient was unable to undergo revision surgery due to her poor general health 
status

Fig. 1  a X-ray of a displaced ACPHT fracture. b Ap view of the hip joint with ARRP and THA 6 months after surgery. c CT imaging confirmed 
bony healing and osseous incorporation of the ARRP. Uneventful healing of the iatrogenic femoral fracture
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Blood transfusion management

According to the individual hospital blood transfusion 
regime in the two centers the hemoglobin levels were meas-
ured pre- and postoperatively. Patients with hemoglobin 
level less than 10  g/dl and a venous oxygen saturation 
(ScvO2) below 80% received intraoperative blood transfu-
sion. Patients with hemoglobin levels below 8 g/dl received 
blood transfusion as well. Same was with symptoms of ane-
mia in the postoperative phase.

All of the patients received Meloxicam© 7.5 mg twice a 
day or a comparable prophylaxis against heterotopic ossifica-
tion for 7 days postoperative.

As soon as the patients were able to get up, FWB with the 
use of a walking frame was started. Only in fractures with 
involvement of the iliac bone above the acetabular roof par-
tial weight bearing was recommended for the first 3 weeks. 
In all these suspicious cases a CT scan was performed in 
order to check the position of the screws.

Statistical analysis

This study represents a descriptive analysis of our selected 
patient cohort. Data are presented as means and percentages.

Results

The average age of all 59 patients was 80.5 years (range 
65–98). The average age of the 10 patients with peripros-
thetic acetabular fractures was 84.6 years (range 73–96). 
The mean time between accident and surgery was 8.8 days 
(range 2–28 days). The mean time of surgery was 167.2 min 
(range 100– 303 min). The average preoperative hemoglobin 
level was 11.5 g/dl and decreased by a mean of 2.0 g/dl to 
the average postoperative level of 9.5 g/dl (Table 1).

In 50 patients (85%), early mobilization with FWB was 
allowed, whereas in 9 patients (15%) only restricted weight 
bearing was permitted. The reason for restricted weight 
bearing was an additional femur fracture in one and an 
undisplaced acetabulum fracture of the other side in another 
patient. Of the remaining 7 (12%) patients, 6 had a true both 
column fracture, and one a very high transverse fracture 
above the acetabulum roof with destruction of the roof and 
the adjacent iliac bone. In all these cases a postoperative 
CT scan was performed confirming that only a few screws 
had found good purchase in stable iliac bone, which was the 
reason for allowing only partial weight bearing (PWB) for 
the first 3 weeks.

Of the 59 patients, 26 (44.1%) had regained their pre-
injury level of mobility. Fifteen regained full mobility with-
out walking aids, 38 independent mobility with walking 
aids, and 6 did not reach independent mobility (Table 2).

Radiographically all fractures were healed except one. 
In this case with a T-type fracture, the anterior column 
developed a non-union, whereas the posterior column was 
healed and the ARRP was incorporated. The non-union 
was confirmed by CT scan and had to be re-operated with 
plate fixation about 10 months after the index surgery due 
to pain when walking. There was no disruption, breakage 
or loosening of the ARRP.

In 18 patients, an additional CT scan was performed 
between 3 and 6 months after surgery. Fracture healing 
and ARRP incorporation was confirmed in all of these 
cases and no loosening signs were found, except the one 
mentioned above.

In the 10 patients with periprosthetic acetabular frac-
ture, no bone grafting was performed at the time of sur-
gery due to the lack of a femoral head. Despite the lack 
of bone grafting, perfect bony healing and incorporation 
of the ARRP was seen in all cases. No loosening signs 
were detected. Four of the 10 patients regained their pre-
vious level of mobility, 5 did not reach the same level but 
regained independency and one lost independency. In only 
one patient allograft was used to prevent cement leakage 
into the pelvis, whereas in 7 a Prolene mesh-graft (John-
son & Johnson) was used to close the inner aperture of 
the ARRP.

Complications and revisions

In five patients, recurrent hip dislocation occurred and 
required revision surgery with changing of the cup. How-
ever, in all five cases the ARRP was stable incorporated 
and could be left in place. Early infection was seen in one 
patient suffering from diabetes. Due to the poor general con-
dition of the patient no further surgical interventions could 
be performed. In two cases with periprosthetic acetabular 
fracture, cement leakage into the pelvis was observed on 
postoperative X-rays. This was due to the lack of bone graft 
on the bottom of the ARRP when the cup was cemented. In 
both cases the cement could be left as there were no clini-
cal consequences. In two patients, periarticular heterotopic 
ossification was seen on the follow-up X-rays but surgi-
cal removal was necessary in only one case. In one case a 
postoperative hematoma had to be evacuated surgically. In 
total, eight patients (13,6%) suffered a complication requir-
ing revision surgery.

At the 3-month follow-up, 76 of the 84 patients were 
examined radiographically. In all 76 patients, the fractures 
were consolidated and the ARRP was incorporated except 
for the one mentioned above with the non-union of the ante-
rior column. In another patient the cemented cup has shown 
loosening signs but not the ARRP. Revision was not per-
formed in this case.
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Table 2  Postoperative 
mobilization and level of 
mobility of the 60 patients

Patient Postoperative mobi-
lization

Walking aid before 
fracture

Walking aid at 6-month 
follow-up

Pre-injury level of 
mobility regained?

1 FWB Yes Not mobile No
2 FWB No Yes No
3 FWB No No Yes
4 FWB No Yes No
5 FWB Yes Yes Yes
6 FWB No Yes No
7 FWB Yes Yes Yes
8 FWB No Yes Yes
9 FWB No No Yes
10 FWB Yes Yes Yes
11 FWB No Yes No
12 FWB Yes Yes Yes
13 FWB No Yes No
14 FWB No Yes No
15 FWB No Yes No
16 FWB No Yes No
17 FWB No Not mobile No
18 FWB No Yes No
19 FWB No Not mobile No
20 FWB No Yes No
21 PartialWB No Yes No
22 PartialWB No Yes No
23 PartialWB No Yes No
24 FWB No No Yes
25 FWB No No Yes
26 PartialWB No Yes No
27 FWB No Yes No
28 PartialWB No No Yes
29 FWB No Not mobile No
30 FWB No Yes No
31 FWB Yes Not mobile No
32 FWB No No Yes
33 FWB Yes Yes Yes
34 FWB Yes Yes Yes
35 FWB Yes Yes Yes
36 FWB No No Yes
37 FWB No Yes No
38 FWB No Yes No
39 FWB No Not mobile No
40 FWB No No Yes
41 FWB Yes Yes Yes
42 FWB No Yes No
43 FWB Yes Yes Yes
44 FWB Yes No Yes
45 FWB No No Yes
46 FWB No Yes No
47 FWB No No Yes
48 FWB No Yes No
49 FWB Yes Yes Yes
50 FWB No No Yes
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Discussion

Osteoporotic acetabular fractures are increasingly common 
due to the growing elderly population [2]. Non-operative 
treatment is considered the primary choice of treatment for 
nondisplaced acetabular fractures in older patients [23]. 
However, fractures in this age group are much more com-
monly comminuted and complex with marginal impaction, 
femoral head damage, fracture of the QLP and the presence 
of a superomedial dome impression (gull sign) [5, 15, 24, 
25].

For most acetabular fracture patterns, ORIF is still con-
sidered the gold standard of surgical treatment. In order to 
avoid the rather invasive and time-consuming ilioinguinal 
approach, minimally invasive techniques were introduced 
more recently [4, 26–29]. Ruchholtz et al. [29] presented 
a new two-incision minimally invasive technique (TIMI) 
with the promising results. However, their case series is dif-
ficult to compare with our series as only 14 of the 26 (54%) 
patients were older than 65 years. Another minimally inva-
sive technique is the so-called Pararectus approach proposed 
by Keel et al. [28] who also reported with very promising 
results. In this series, however, the average age was 62 years 
and only 48% of the patients were older than 60 years. As 
the average age of our series was 80.5 years comparison 
is difficult. Another minimal invasive technique using the 
modified Stoppa approach combined with the first window 
of the ilioinguinal approach was presented recently together 
with the introduction of a new plate, the so-called acetabu-
lum wing plate [4]. This custom-made plate is especially 
designed for the fixation and stabilization of the QLP coun-
teracting the force of the femoral head. Again the results 
obtained with this technique were promising, but the average 
age of the published series of 12 patients was 62.5 years and 
thus results may not be directly comparable to those of our 
series. Another issue is that postoperative weight bearing 
restrictions and mobilization protocols often were not fur-
ther specified in these studies.

In order to obtain good results with open reduction 
and internal fixation (ORIF) anatomic reduction is essen-
tial [30–34]. In older patients, subcortical impaction is 
very common which makes anatomic reduction difficult 
to achieve [6, 9–13]. In the literature the rate of secondary 
THA after ORIF alone reaches from 19 to 70% due to post-
operative arthritis (Archdeacon et al. 19% [35], Lont et al. 
30% [11], Boelch et al. 45% [14], Kreder et al. 54% [15], and 
Borg et al. 70% [9]).

A major issue with ORIF alone is the long duration of 
restricted weight bearing from at least 6–12 weeks [16, 36]. 
Most elderly patients do not comply with the weight bear-
ing restriction resulting in either secondary displacement or 
permanent immobilization. Even temporary immobilization 
results in a decrease of bone metabolism [26] and exacerba-
tion of possible comorbidities. Early FWB should therefore 
be a key part of the management strategy [9, 11, 13, 14, 37].

The high rate of postoperative arthritis after ORIF with 
the consequence of conversion to secondary THA made sev-
eral surgeons to change the strategy away from ORIF alone 
to combined techniques with primary THA and ORIF [13, 
14, 37, 38]. Some were using a reinforcement ring [11, 14, 
18, 39, 40], and others preferred a two-incision technique 
with stabilization of both columns [13]. Studies comparing 
elderly patients treated with ORIF alone and those treated 
with a combined procedure have shown better outcome for 
the primary arthroplasty combined with ORIF group [9, 11, 
13, 14].

Increasing evidence supports the practice of using only 
a single surgical approach, especially for this elderly age 
group. Several authors, for example, promoted a single pos-
terior approach with bridge plating of the posterior column 
and implantation of an acute THA [5, 37, 40, 41].

The standard lateral or anterolateral approach to the hip 
joint can be used for the procedure described in this paper 
as there is no need for fracture reduction and fixation. The 
key part of the presented procedure is an antiprotrusion 
ring called ARRP (41medical, Bettlach Switzerland). The 

Table 2  (continued) Patient Postoperative mobi-
lization

Walking aid before 
fracture

Walking aid at 6-month 
follow-up

Pre-injury level of 
mobility regained?

51 PartialWB Yes Yes No
52 FWB No No Yes
53 FWB Yes No Yes
54 PartialWB Yes Yes No
55 PartialWB Yes Yes Yes
56 PartialWB Yes Yes No
57 FWB No No Yes
58 FWB Yes Yes No
59 FWB Yes Yes No

FWB full weight bearing, PartialWB partial weight bearing for the first 3 weeks postoperatively
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ARRP is characterized by a high primary stability allowing 
for early FWB in almost all cases [42]. The high primary sta-
bility is provided by a high number of 3.5-mm angular stable 
screws fixed in stable iliac bone (2–4 upper ring screws and 
8 screws through the fin). Another reason for the high stabil-
ity of the ARRP might be caused by the fact that the mono-
axial locking screws with different angles of the individual 
screws with respect to the implant might provide additional 
purchase in the iliac bone. Despite the fact that almost all 
patients were allowed for FWB from the first postoperative 
days, we did not see a single case of ARRP disruption or 
breakage. A major advantage of this procedure is that no 
fracture reduction or fixation is necessary. All fractures but 
one healed and incorporation of the ARRP was observed in 
all cases (Figs. 1 and 2). In only one patient with a T-type 
fracture the anterior column developed a non-union, while 
the posterior column had healed and the ARRP was incor-
porated. In this case, plating of the anterior column led to 
bony consolidation. Surprisingly, healing and incorporation 
of the ARRP also occurred in all periprosthetic acetabular 
fracture cases in which bone grafting was not possible due 
to the missing femoral head.

In a recent biomechanical study, the primary stability of 
ARRP and the Burch Schneider reinforcement ring were 
compared. According to Culemann et al. [43] we used an 
anterior column with posterior hemitransverse fracture 
model. In this study, the high primary stability of the ARRP 

was demonstrated and was significantly higher than that of 
the Burch Schneider ring [42].

Fifty (85%) of our 59 patients were allowed immediate 
FWB, whereas in 9 patients only restricted weight bearing 
was permitted. In two of these nine patients, the reasons 
for only toe touch or partial weight bearing were a fracture 
of the femur shaft which occurred intraoperatively (1 case) 
and an undisplaced acetabulum fracture of the other side 
(1 case). Consequently, only seven patients had restricted 
weight bearing for implant reasons. Six of these seven 
patients were suffering from a two-column fracture and one 
from a high transverse fracture with a destroyed acetabulum 
roof. In all these seven patients, a CT scan confirmed that 
the screws had not sufficient purchase in stable iliac bone 
and FWB was thus allowed not before the fourth postopera-
tive week.

Due to the fact that fracture reduction and fixation was not 
necessary with this technique, the duration of the surgical 
procedure was only 167 min (range 100–303 min) which 
is short compared to other studies (Rickman et al. 193 min 
[13], Boelch et al. 189 min [14], Herscovici et al. 232 min 
[40]). The average postoperative hemoglobin difference in 
our case series was 2.0 g/dl, which combined with the aver-
age intraoperative transfusion of 1.2 units of blood equals 
approximately 4.0 g/dl according to Pierson et al. [44] and 
therefore does not differ from the results for primary THA, 
which has been reported to be 3.5–4.0 g/dl [45].

Fig. 2  a X-ray of a periprosthetic acetabular fracture. b Postoperative X-ray of the hip joint with implantation of ARRP and THA. c After 
6 months fracture healed without bone grafting due to the lack of femoral head
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Whereas the patients in this series being 80 years old 
on average, we record 11 deaths within the first 6 months 
after surgery due to cardiac failure. The youngest of them 
was 76 years; all others were 85 or older and 5 of them had 
90 years or more. Rickman et al. [13] (40) reported a simi-
lar mortality rate of 14%, although the average age in their 
series was 77 years and thus slightly lower.

The overall revision rate within the first 6 months was 
12% (7/59 cases) in our series. In addition, one patient suf-
fering from diabetes had developed infection which could 
not be revised due to the poor general condition of the 
patient. In five patients, a recurrent dislocation of the pros-
thetic head occurred with the necessity of reoperation and 
change of the cup. We believe that poor positioning of the 
cemented cup inside the ARRP might have caused disloca-
tions. In another patient, a hematoma had to be evacuated 
surgically. In two patients, periarticular heterotopic ossifica-
tion was detected on follow-up radiographs but only one of 
them had to be revised surgically.

Another complication without any clinical consequences 
was cement leakage into the pelvis in two patients with a 
periprosthetic acetabular fracture. In these patients, no bone 
grafting was possible which would have sealed the pathway 
into the pelvis. Even though this was without any harm to 
the patients, we started using a Prolene mesh-graft (Ethi-
con, Johnson & Johnson Medical, Norderstedt, Germany) 
in periprosthetic fracture cases where no femoral head was 
available for bone grafting.

Overall, we observed very satisfying results, especially 
regarding early postoperative mobilization and the pre- to 
postoperative mobility level. Compared to our study only 
Rickman et al. [13] presented a higher rate of early FWB 
which was 100% but with a much smaller number of patients 
and a slightly lower mean age. They described the post-
fracture mobility as independent but still mostly requiring 
walking aids. In our series at the 6-month follow-up, 44% 
(26/59) regained their pre-injury level of mobility. Fifteen 
did not need walking aids at all, 38 needed walking aids but 
were independent mobile and 6 did not reach independent 
mobility.

A limitation of this study is the retrospective study 
design, the relatively short follow-up time of 6 months and 
the loss of 25 patients to follow up. Of these, 11 had died 
due to preexisting comorbidities and 14 did not come to 
the 6-month follow-up visit. A further limitation is that not 
all patients underwent a CT scan 6 months after surgery 
to analyze fracture healing and to detect potential loosen-
ing of the implant. However, all patients underwent at least 
biplane radiography in addition to the clinical investigation. 
On the other hand, all patients have been operated with this 
new implant in trauma centers. In case of any problems with 
the operated hip, the patients would have been assigned to 
the department where the operation took place. So far, no 

complications of this kind have become known and that 
applies not only to the 59 patients but to all 84 patients.

Conclusion

The patient group we are dealing with here is very chal-
lenging. Specific characteristics such as age, fracture pat-
tern, osteoporosis, and comorbidities require individual 
decision-making. Based on our results the ARRP designed 
for the treatment of displaced acetabular fractures with poor 
bone quality represents an additional option to the spectrum 
of treatments in this challenging patient group. Owing to 
the special design, the ARRP provides high primary sta-
bility and immediate FWB is possible in almost all cases. 
The absence of the need for fracture reduction and stabili-
zation shortens operating time and reduces intraoperative 
blood loss. However, careful patient selection, preoperative 
planning, and workup are required. The lack of long-term 
follow-up data is a shortcoming of the AARP, but this data 
is particularly difficult to obtain in this specific age group.

Acknowledgements We thank Johann Fierlbeck, Paracelsus Medical 
University, Salzburg, Austria, for his technical support with the design 
of the implant.

Funding Open access funding provided by Paracelsus Medical Uni-
versity. No funding was received for this work.

Compliance with ethical standards 

Ethics approval  The study was approved by the local ethics committee 
and no concerns were raised regarding the use of the ARRP.

Conflict of interest H. Resch is registered inventor of a granted pat-
ent for the ARRP and is contractual recipient of royalties in case of 
commercial exploitation. All other authors have no conflict of interest 
relating to this manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

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


1844 Archives of Orthopaedic and Trauma Surgery (2022) 142:1835–1845

1 3

References

 1. Ochs BG, Marintschev I, Hoyer H, Rolauffs B, Culemann U, 
Pohlemann T, Stuby FM (2010) Changes in the treatment of ace-
tabular fractures over 15 years: analysis of 1266 cases treated by 
the German Pelvic Multicentre Study Group (DAO/DGU). Injury 
41(8):839–851

 2. Rinne PP, Laitinen MK, Huttunen T, Kannus P, Mattila VM 
(2017) The incidence and trauma mechanisms of acetabular 
fractures: a nationwide study in Finland between 1997 and 2014. 
Injury 48(10):2157–2161

 3. Mears DC (1999) Surgical treatment of acetabular fractures in 
elderly patients with osteoporotic bone. J Am Acad Orthop Surg 
7(2):128–141

 4. Schäffler A, Freude T, Stuby F, Höntzsch D, Veltkamp J, Stöcke U, 
König B (2016) Surgical treatment of acetabulum fractures with a 
new acetabulum butterfly plate. Z Orthop Unfall 154(5):488–492

 5. Anglen JO, Burd TA, Hendricks KJ, Harrison P (2003) The 
“gullsign”: a harbinger of failure for internal fixation of geriatric 
acetabular fractures. J Orthop Trauma 17(9):625–634

 6. Matta JM (1996) Fractures of the acetabulum: accuracy of 
reduction and clinical results in patients managed opera-
tively within three weeks after the injury. J Bone Jt Surg Am 
78(11):1632–1645

 7. Mears DC, Velyvis JH, Chang CP (2003) Displaced acetabular 
fractures managed operatively: indicators of outcome. Clin Orthop 
Relat Res 407:173–186

 8. Ferguson TA, Patel R, Bhandari M, Matta JM (2010) Fractures of 
the acetabulum in patients aged 60 years and older: an epidemio-
logical and radiological study. J Bone Jt Surg Br 92(2):250–257

 9. Borg T, Hernefalk B, Hailer NP (2019) Acute total hip arthro-
plasty combined with internal fixation for displaced acetabular 
fractures in the elderly. Bone Jt J 101-B:478–483

 10. Clarke-Jenssen J, Roise O, Storeggen SAO, Madsen JE (2017) 
Long-term survival and risk factors for failure of the native hip 
joint after operatively treated displaced acetabular fractures. Bone 
Jt J 99-B(6):834–840

 11. Lont T, Nieminen J, Aleksi R, Pakarinen TK, Pajamäki I, 
Eskelinen A, Laitinen MK (2019) Total hip arthroplasty, com-
bined with a reinforcement ring and posterior column plating 
for acetabular fractures in elderly patients: good outcome in 34 
patients. Acta Orthop 90(3):275–280

 12. Tannast M, Najibi S, Matta JM (2012) Two to twenty-year survi-
vorship of the hip in 810 patients with operatively treated acetabu-
lar fractures. J Bone Jt Surg Am 94(17):1559–1567

 13. Rickman M, Young J, Trompeter A, Pearce R, Hamilton M (2014) 
Managing acetabular fractures in the elderly with fixation and 
primary arthroplasty: aiming for early weightbearing. Clin Orthop 
Relat Res 472(11):3375–3382

 14. Boelch SP, Jordan MC, Meffert RH, Jansen H (2017) Compari-
son of open reduction and internal fixation and primary total hip 
replacement for osteoporotic acetabular fractures: a retrospective 
clinical study. Int Orthop 41(9):1831–1837

 15. Kreder HJ, Rozen N, Borkhoff CM, Laflamme YG, McKee MD, 
Schemitsch EH, Stephen DJ (2006) Determinants of functional 
outcome after simple and complex acetabular fractures involving 
the posterior wall. J Bone Jt Surg Br 88(6):776–782

 16. Mears DC, Velyvis JH (2002) Acute total hip arthroplasty for 
selected displaced acetabular fractures: two to twelve-year results. 
J Bone Jt Surg Am 84-A(1):1–9

 17. Saxer F, Studer P, Jakob M (2011) Open stabilization and primary 
hip arthroplasty in geriatric patients with acetabular fractures: 
combination of minimally invasive techniques. Unfallchirurg 
114(12):1122–1127

 18. Tidermark J, Blomfeldt R, Ponzer S, Soderqvist A, Tornkvist H 
(2003) Primary total hip arthroplasty with a Burch–Schneider 
antiprotrusion cage and autologous bone grafting for acetabular 
fractures in elderly patients. J Orthop Trauma 17(3):193–197

 19. Resch H, Krappinger D, Moroder P, Auffarth A, Blauth M, Becker 
J (2017) Treatment of acetabular fractures in older patients-intro-
duction of a new implant for primary total hip arthroplasty. Arch 
Orthop Trauma Surg 137(4):549–556

 20. Resch H, Krappinger D, Moroder P, Blauth M, Becker J (2016) 
Treatment of periprosthetic acetabular fractures after previous 
hemi- or total hip arthroplasty: introduction of a new implant. 
Oper Orthop Traumatol 28(2):104–110

 21. Letournel E, Judet R (1993) Fractures of the acetabulum, 2nd edn. 
Springer, Berlin Heidelberg

 22. Hardinge K (1982) The direct lateral approach to the hip. J Bone 
Jt Surg Br 64(1):17–19

 23. Manson T,  Schmidt  AH (2016) Acetabular  frac-
tures in the elderly. A critical analysis review. JBJS Rev 
4(10):01874474-201610000-00002

 24. Daurka JS, Pastides PS, Lewis A, Rickman M, Bircher MD (2014) 
Acetabular fractures in patients aged > 55 years: a systematic 
review of the literature. Bone Jt J 96-B(2):157–163

 25. Gary JL, Paryavi E, Gibbons SD, Weaver MJ, Morgan JH, Ryan 
SP, Starr AJ, O’Toole RV (2015) Effect of surgical treatment on 
mortality after acetabular fracture in the elderly: a multicenter 
study of 454 patients. J Orthop Trauma 29(4):202–208

 26. Andersen RC, O’Toole RV, Nascone JW, Sciadini MF, Frisch 
HM, Turen CW (2010) Modified Stoppa approach for acetabular 
fractures with anterior and posterior column displacement: quan-
tification of radiographic reduction and analysis of interobserver 
variability. J Orthop Trauma 24(5):271–278

 27. Elmadag M, Guzel Y, Aksoy Y, Arazi M (2016) Surgical treat-
ment of displaced acetabular fractures using a modified Stoppa 
approach. Orthopedics 39(2):e340–e345

 28. Keel MJ, Tomagra S, Bonel HM, Siebenrock KA, Bastian JD 
(2014) Clinical results of acetabular fracture management with 
the Pararectus approach. Injury 45(12):1900–1907

 29. Ruchholtz S, Buecking B, Delschen A, Lewan U, Taeger G, 
Kuehne C, Zettl R (2013) The two-incision, minimally invasive 
approach in the treatment of acetabular fractures. J Orthop Trauma 
27(5):248–255

 30. Bastian JD, Tannast M, Siebenrock KA, Keel MJ (2013) Mid-
term results in relation to age and analysis of predictive factors 
after fixation of acetabular fractures using the modified Stoppa 
approach. Injury 44(12):1793–1798

 31. Bhandari M, Matta J, Ferguson T, Matthys G (2006) Predictors 
of clinical and radiological outcome in patients with fractures of 
the acetabulum and concomitant posterior dislocation of the hip. 
J Bone Jt Surg Br 88(12):1618–1624

 32. Jeffcoat DM, Carroll EA, Huber FG, Goldman AT, Miller AN, 
Lorich DG, Helfet DL (2012) Operative treatment of acetabular 
fractures in an older population through a limited ilioinguinal 
approach. J Orthop Trauma 26(5):284–289

 33. Laflamme GY, Hebert-Davies J (2014) Direct reduction technique 
for superomedial dome impaction in geriatric acetabular fractures. 
J Orthop Trauma 28(2):e39-43

 34. O’Toole RV, Hui E, Chandra A, Nascone JW (2014) How often 
does open reduction and internal fixation of geriatric acetabular 
fractures lead to hip arthroplasty? J Orthop Trauma 28(3):148–153

 35. Archdeacon MT, Kazemi N, Collinge C, Budde B, Schnell S 
(2013) Treatment of protrusio fractures of the acetabulum in 
patients 70 years and older. J Orthop Trauma 27(5):256–261

 36. Helfet DL, Borrelli J Jr, Di Pasquale T, Sanders R (1992) Stabi-
lization of acetabular fractures in elderly patients. J Bone Jt Surg 
Am 74(5):753–765



1845Archives of Orthopaedic and Trauma Surgery (2022) 142:1835–1845 

1 3

 37. Salama W, Mousa S, Khalefa A, Sleem A, Kenawey M, Ravera L, 
Masse A (2017) Simultaneous open reduction and internal fixa-
tion and total hip arthroplasty for the treatment of osteoporotic 
acetabular fractures. Int Orthop 41(1):181–189

 38. Ortega-Briones A, Smith S, Rickman M (2017) Acetabular frac-
tures in the elderly: midterm outcomes of column stabilization and 
primary arthroplasty. BioMed Res Int 2017:4651518

 39. Enocson A, Blomfeldt R (2014) Acetabular fractures in the elderly 
treated with a primary Burch–Schneider reinforcement ring, autol-
ogous bone graft, and a total hip arthroplasty: a prospective study 
with a 4-year follow-up. J Orthop Trauma 28(6):330–337

 40. Herscovici D Jr, Lindvall E, Bolhofner B, Scaduto JM (2010) The 
combined hip procedure: open reduction internal fixation com-
bined with total hip arthroplasty for the management of acetabular 
fractures in the elderly. J Orthop Trauma 24(5):291–296

 41. Carroll EA, Huber FG, Goldman AT, Virkus WW, Pagenkopf E, 
Lorich DG, Helfet DL (2010) Treatment of acetabular fractures 
in an older population. J Orthop Trauma 24(10):637–644

 42. Becker J, Winkler M, von Rueden C, Bliven E, Augat P, Resch H 
(2020) Comparison of two reinforcement rings for primary total 

hip arthroplasty addressing displaced acetabular fractures: a bio-
mechanical analysis. Arch Orthop Trauma Surg. https:// doi. org/ 
10. 1007/ s00402- 020- 03433-3

 43. Culemann U, Holstein JH, Köhler D, Tzioupis CC, Pizanis A, 
Tosounidis G, Burkhardt M, Pohlemann T (2010) Different stabi-
lisation techniques for typical acetabular fractures in the elderly—
a biomechanical assessment. Injury 41(4):405–410

 44. Pierson JL, Hannon TJ, Earles DR (2004) A blood-conservation 
algorithm to reduce blood transfusions after total hip and knee 
arthroplasty. J Bone Jt Surg Am 86-A(7):1512–1518

 45. Scannell BP, Loeffler BJ, Bosse MJ, Kellam JF, Sims SH (2009) 
Efficacy of intraoperative red blood cell salvage and autotransfu-
sion in the treatment of acetabular fractures. J Orthop Trauma 
23(5):340–345

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00402-020-03433-3
https://doi.org/10.1007/s00402-020-03433-3

	The acetabular roof reinforcement plate for the treatment of displaced acetabular fractures in the elderly: results in 59 patients
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	The ARRP
	Surgical technique
	Blood transfusion management
	Statistical analysis

	Results
	Complications and revisions

	Discussion
	Conclusion
	Acknowledgements 
	References




