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Purpose: Older patient population with acetabular fractures is increasing
rapidly, requiring enhanced recovery. Acute total hip arthroplasty (THA) is a
good option for these patients, and it is becoming increasing popular.
However, acute THA has different indications in different studies. Therefore,
a systematic review is needed to assess and comprehend the indications for
acute THA in older patients.

Methods: A systematic literature review was conducted to identify a
retrospective series or prospective studies in older patients (>60 years) with
acetabular fractures. The search timeline was from database construction till
December 2021; PubMed, Embase, and Cochrane Library databases were
searched. Two trained professional reviewers independently read the full text
of documents that met the inclusion criteria and extracted information on
the specific methods used and indication information based on the research
design.

Results: In total, there were 601 patients with acetabular fractures aged
>60 years from 33 studies were obtained. Twenty-eight studies reported that
THA was a feasible treatment option for acetabular fractures in geriatric
patients with good outcome. The primary indications were dome impaction,
irreducible articular comminution, femoral head injury, and pre-existing
osteoarthritis or avascular necrosis. The most common patterns were
anterior column and posterior hemitransverse, posterior wall, both columns,
and T-type.

Conclusion: Acute THA is an effective treatment strategy for older patients
with acetabular fractures and should be considered when the
abovementioned indications are observed on preoperative images.
(PROSPERO: CRD42022329555).
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Introduction

Due to the ongoing demographic change, the incidence of
acetabular fractures in patients aged >60 years has markedly
increased (1, 2). Herath et al. reported that >50% of patients
with acetabular fractures were aged >60 years, with the oldest
reported patient being 80 years old from the German
multicenter pelvic registry system (2). Indeed, geriatric
patients constitute the most rapidly growing subgroup of
acetabular fractures.

For geriatric patients with acetabular fractures, treatment
objectives are rapid mobilization of patients on walkers or
crutches (3) and rapid recovery to pre-injury level of function
(4, 5). Open reduction with internal fixation (ORIF) used to
be the mainstay of surgical treatment. However, ORIF in
older patients is technically and strategically challenging, with
high failure rates after ORIF. A retrospective study reported a
30% failure rate (6). Another study on even older patients
reported a failure rate of 45% in ORIF cases (7). With the
of
technology, treatment for acetabular fracture has considerably

development surgical equipment, instruments, and
changed. Therefore, some authors believe that acute total hip
arthroplasty (THA) may be more beneficial than ORIF and
should be
acetabular fractures (8, 9).

Acute THA for displaced acetabular fractures was first
reported by Westerborn in 1954 (10). Theoretically, by
allowing immediate weight bearing and faster rehabilitation,
THA could reduce the risks of early and late local

complications associated with the ORIF for this injury type

strongly considered in older patients with

(11). However, indications for acute THA are different across
studies. Anglen et al. reported dome impaction as an
indication of failure for the internal fixation of acetabular
fractures in geriatric patients (12). Kreder et al. reported that
marginal impaction and residual displacement of >2 mm were
associated with the development of arthritis, which was
related to poor function and THA requirement (13). Solomon
et al. reported that a displaced fracture involving the anterior
both
protrusion of >1cm, and osteoporosis were indications for

or columns, irreducible articular comminution,
immediate THA (14). In addition, the fracture pattern is
another factor that needs consideration in THA treatment.
Aprato et al. (15) reported that fractures of the posterior
column and/or wall with severe cartilage damage can be
treated safely with acute THA. In Borg et al. (16), more
patients had anterior column and posterior hemitransverse
and both column patterns. In Sarantis et al. (17), the surgeons
preferred THA for patients with anterior column to other
pattern.

For these reasons, a systematic evaluation system needs to

be established to evaluate and comprehend the indications for
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acute THA in older patients with acetabular fractures. In this
systematic review, we aimed to summarize the individual
indications and fracture patterns from case series of acute
THA for acetabular fractures in older patients.

Materials and methods
Inclusion criteria

The ethical approval of the systematic review was waived by
the institutional review board of Honghui Hospital, Xian
Jiaotong University. The inclusion criteria were as follows:
1) Research type, retrospective or prospective series studies;
2) Research participants, older patients (>60 years) with
unilateral or bilateral acetabular fractures who underwent
acute THA; 3) Index of interest, factors and indications for
acute THA in these patients. The exclusion criteria were as
follows: 1) age <60 years, staged THA, or THA after failure of
ORIF. This review was PROSPERO
(CRD42022329555).

Acute THA defined as early or primary THA, and surgeon

registered  in

used acute THA as the ultimate treatment for older patients
with acetabular fracture in three weeks. In addition, the
patients should not receive the any other operation before
ultimate THA.

Search strategy

According to the Cochrane Handbook for Systematic
Reviews, we searched for the following terms in PubMed,
Embase, and Cochrane Library: (“Arthroplasty, Replacement,
Hip” OR “hip replacement” OR “hip arthroplasty”) AND
(“acetabular  fracture” OR  “acetabulum fracture” OR
“acetabul*”) AND (“old” OR “elderly” OR “elder” OR
The
construction to December 2021.

“geriatric”) search timeline was from database
There were no other

restrictions on the search process.

Information and data extraction

Two trained professional reviewers independently read the
full text of documents that met the inclusion criteria and
extracted the following information: study design, number of
patients, age, sex, prosthesis, indications for THA, follow-up,
and outcomes. The primary outcome was indications for
THA, and the secondary item was the fracture type of
patients receiving THA. The disagreements during this
process were resolved by a third reviewer.
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7767 articles were excluded
293 duplicated articles

7474 articles based on the
titles and abstracts

10 studies were excluded

because focused on the
THA after ORIF

25 studies were excluded

E 7835 identified articles
‘5 6562 PubMed
= 1201 Embase
N .
S 72 Cochrane library
=
|
o0
£
= -
§ 68 potentially
2 relevant studies
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'-Eo 58 full-text studies were
= assessed for eligibility
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1 33 studies were
E included in
= the review
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FIGURE 1
The flow of including studies.

because included patients
<60 years

Results
Literature search process and results

Overall, 6562, 1201, and 72 papers (total: 7835) were
obtained from Pubmed, Embase, and Cochrane Library,
respectively. After excluding 293 duplicated papers, the
reviewer read the title and abstract of each study and
studies. Most
ORIF,
After
indicators of

excluded 7,474 unrelated papers, leaving 68

studies mentioned the revision operation after

<60
excluding these studies and studies without

and some studies included patients years.

interest or fracture type, 33 studies were finally included (4,

6, 7, 11, 14-42). Figure 1 shows the flow chart of including
studies.
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General information of the included study

Of the 33 studies, 29 were published in English. These
studies were published during 2002-2021. Figure 2 shows the
change in number of studies with time. We found that in
recent years, studies have focused on THA for older patients
with acetabular fractures, especially from 2014 to 2021. In
addition, eight studies were from the United States, four in
Germany, four in the United Kingdom, three in Sweden,
three in Switzerland, three in Australia, two in Italy, two in
France, one in India, one in Canada, one in Greece, and one
in Slovakia. We marked the included studies on the world
map and noticed that majority of the research on THA for
older patients were conducted in Europe and America
(Figure 3).
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Main results

Of the 33 studies, 30 were retrospective and three were
prospective. In total, we obtained 601 patients aged >60 years
with acetabular fractures. In each study, the sample size was
6-55. Women accounted for 47.45% of all patients. The
prosthesis type of THA fixation used were different across
studies. Thirty-two studies reported follow-up, with the period

10.3389/fsurg.2022.1063469

ranging from 4.5 (7) to 81.5 months (40), of which 28 studies
reported that THA or ORIF plus THA was a feasible
treatment option for acetabular fractures in older patients.
The remaining four did not identify the role of THA in older
with
information for the included studies is shown in Table 1.

All the studies described their indications for THA in the
patients, and the most reported indications were dome
impaction (16%), irreducible articular comminution (13%),

patients acetabular  fractures.  Specific  baseline

femoral head injury (12%), and pre-existing osteoarthritis or

avascular necrosis (10%). All factors are summarized in
h Table 2.
As for fracture type, we have summarized the fracture types
] in Table 3. Detailed fracture type was reported for 510 patients.
:'a 104 With respect to Letournel’s classification system, 203 patients
E showed elementary patterns and 307 showed complex
: patterns. The most common patterns were anterior column
0. 5 and posterior hemitransverse (19.22%), posterior wall
2 (14.90%), both columns (13.73%), and T-type (12.94%)
(Figure 4).
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FIGURE 3
Included studies on the world map.
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TABLE 2 The main factors that should consider for THA.

10.3389/fsurg.2022.1063469

Factors No. of studies No. of patients Level

Patient factors

Female 1 20 *
Comorbidities 3 48 * %k
Pre-existing osteoarthritis or avascular necrosis 10 173 2 2.8.2.8.8.0.8.8.8.
Osteoporosis 7 107 £ 8. 8.8.8 8.8 ¢
Fracture factors

High energy mechanism 1 37 *

Low energy mechanism 9 137 1. 2.8.8.8.8.8 .8 & ¢
Femoral head injury 12 196 e sk ke k ok ke ok ok
Femoral neck fracture 4 75 * ok ok

Dome impaction 16 246 % ek ek ke kok ke kok ok okok
Intra-articular impaction 3 51 * %k
Irreducible articular comminution 13 193 2222088885881
Fracture involving weight bearing region 5 64 1 8.8.8 8¢
Fracture involving anterior column 3 67 * %k

Fracture involving posterior wall/column 3 71 * %k

The incidence of acetabular fractures in older patients has
rapidly increased worldwide. Most older patients have poor
bone quality, multiple comorbidities, and increased
perioperative risk, which may reduce the chance of favorable
outcome (3, 43). Thus, surgeons should particularly note the
characteristics of acetabular fractures in older patients and
encourage early weight bearing. Although ORIF for acetabular
fractures has gained wide acceptance in the treatment of
young patients, the indications and results of this treatment in
the older adult population remain unclear. On the one hand,
the failure and conversion to THA rate in older patients is
high after ORIF, which was reported as 19% by Archdeacon
et al. (44), 25% by Gary et al. (45), 28% by O’Toole et al.
(46), and 30.6% by Gary et al. (47); these are significantly
higher than the 8.5% reported in the literature on the
treatment of acetabular fractures in all age groups (48). On
the other hand, the time point of THA was not long after
ORIF, which was reported as within 2 years after ORIF in
Weaver et al. (6), 19.6 months in Boelch et al. (7), a mean of
18 months in Archdeacon et al. (44), and a mean of 1.4 years
after ORIF in Gary et al. (45). Of note, the survival of the
native hip joint after ORIF was <2 years in most studies. Two
or more operations within a short period for older patients
with
appropriate patient selection is very important for ORIF, and

comorbidities is a serious concern. Therefore,
THA should be considered as an initial alternative. Further, it
is crucial to carefully select older patients with poor bone

quality and multiple comorbidities as candidates for THA.
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In this systematic review, all the studies described their
indications for THA in the patients, and we give the image
sign one star when the image sign was mentioned one time.
By this way, the relative importance of image sign was
identified. At last, we identified dome impaction, irreducible
articular comminution, femoral head injury, and pre-existing
osteoarthritis or avascular necrosis as the primary indications
for THA in older patients with acetabular fractures. Dome
impaction, the so-called “seagull sign,” is usually observed in
osteoporotic and older patients. Anglen et al. reported that
dome impaction was 100% predictive of ORIF failure in their
series (12). However, in a study by Laflamme et al., after
adequate reduction in the superomedial dome, the failure rate
was 33% (49). Several studies reported osteoporosis as a
commonly identified factor among the patients, but bone
density was not regularly examined before treatment.
Osteoporosis was speculated to cause low-energy fracture;
osteoporotic patients with superomedial dome impaction did
not benefit from attempted ORIF (12). Irreducible articular
comminution was reported by 13 studies and is a subjective
factor and varies in different-level surgeons. It was often
followed by acetabular comminuted fracture or loss of bone
and cartilage. In fact, we believe dome impaction and
irreducible articular comminution are critical because they
lead to difficult adequate reduction, especially in older
patients with osteoporosis. For an identified fracture, dome
impaction or articular comminution could be improved with

surgical skill (50, 51), and good reduction of the articular
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FIGURE 4
The percentages of ten fracture types in the studies.
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surface can be achieved. However, the use of ORIF does not
encourage early weight bearing. Femoral head injury and pre-
existing hip degeneration were two important objective
factors. Femoral head injury was reported in 10 articles, but
the detailed injury model was not described and may involve
fracture, cartilage contusion, or missing bone fragment. Pre-
existing osteoarthritis or avascular necrosis was another
important indication for THA. Thus, when any of these four
indications are observed in preoperative images or during
operation, THA or conversion to THA should be considered
in operation.

As for the fracture type, the most patterns were the anterior
column and posterior hemitransverse, posterior wall, both
columns, and T-type, which contributed to >60% of all
fractures. One elementary and three associated patterns were
noted. Fractures of the posterior wall were the most common
type of acetabular fractures (52), with a wide variety of
fracture types (with respect to comminution, size and location
of fragments, displacements, presence of marginal impaction,
and labral avulsions) (53). Three types of associated patterns
were often hard to reduce or fracture comminution. Failure to
adequately deal with these types results in suboptimal
reduction, inadequate fixation with recurrence of joint
instability, and poor long-term results.

According to Rickman et al. (4), patients should be
deemed sufficiently fit medically to undergo surgery.
Although THA
intervention, without significant risks to the patient (11),

acute is a technically demanding
other studies have not focused on all the factors reported in
this study. To our knowledge, this is the first systematic
review of these important factors. Indications for THA were

based on a number of factors, and we included patient and

fracture factors. Moreover, surgeon skill is another
important factor. Different surgeons have different skill
levels and experience in treatment of the fracture.

Particularly, a difference in operation may be observed
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between senior and junior surgeons or between trauma and
joint specialist surgeons.

This review has two limitations. Firstly, this is a systematic
narrative review, not including typical meta-analysis because
the included studies were series cases, and there is no
controlled ORIF group. Therefore, there is no statistical
analysis in forest plot, heterogeneity analysis, risk of bias
and funnel chart. Secondly, all factors were obtained based
on the frequency in studies; this method of assessment may
be identifying the
indications. Surgeons must evaluate older patients with

not accurate in most important
acetabular fractures before selecting the operation strategy.
These factors may aid surgeons in selecting the optimal
treatment option.

In conclusion, acute THA is an effective treatment strategy
for older patients with acetabular fractures. We recommend
THA when one of the signs of dome impaction, irreducible
articular comminution, femoral head injury, and pre-existing
osteoarthritis or avascular necrosis are present, especially in
fracture patterns of the anterior column and posterior

hemitransverse, posterior wall, both columns, and T-type.
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