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Abstract. There is no consensus about the best treatment for acetabular fracture in older patients. The purpose of
this study was to review the current literature looking for indication, perioperative information and outcome of
nonoperative management for acetabular fractures in elderly. A systematic review of literature was performed on
different research database by using various combination of the keywords “acetabular fracture”, “elderly patients”,
“60 years”, “nonoperative”, “nonsurgical” and “conservative treatment”.Six articles met our inclusion criteria, 315
patients aged 60 or more treated nonoperatively for acetabular fracture were included in the analysis. The average
age was 78.1 years, the average follow-up length was 48.7 months. The main criteria for indication of nonop-
erative management for acetabular fractures were, old age (75 years or more), two or more important medical
comorbidities, and minimally or undisplaced fracture. The most frequent fracture pattern was anterior column
in 25.3% of cases. Fall from standard height was the most frequent causative mechanism in 80% of patients. A
conversion total hip arthroplasty was performed after 8.3% of cases. A 1-year mortality of 18% was reported,
an overall mortality of 33.1% at last follow-up was reported.The management of acetabular fractur in elderly is
a challenging problem and there is no consensus about the best treatment. Currently, multiple treatment op-
tions have been suggested, depending on fracture pattern and patients’ general conditions. Although operatively
treatment allow for an early recovery, there is not an high level of evidence about the superiority in terms or
complications and mortality rate compared to nonoperative treatment.
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Introduction wall or column is more frequent in younger people
(1)
Nowadays, the global median age is increas- - because of the high incidence of osteoporosis, AFE

ing, and elderly people tend to have a more active
lifestyle. For this reasons, acetabular fractures in the
elderly (AFE) are getting more and more frequent;
despite this changing situation, there is not a strong
consensus about the optimal treatment of acetabu-
lar fractures in the elderly (1). The typical traumatic
mechanism of AFE is a low-energy trauma, consist-
ing in fall on the hip with direct impaction on the
trochanteric region.
AFE are characterized by different features when com-
pared with similar fractures in younger patients:
- involvement of the anterior column is very common
in elderly patients, while involvement of posterior

are characterized by comminution, dome impaction,
quadrilateral plate involvement and femoral head
osteochondral lesions. Because of these characteris-
tics, anatomical reduction of the fracture, restoration
of a congruent articular surface and obtaining a sta-
ble fixation are very difficult to reach (4, 5).

Many surgical treatments are available for AFE:
open reduction and internal fixation (ORIF), percu-
taneous fixation, total hip arthroplasty (THA) alone
or combined with ORIF (1). Surgical treatment for
acetabular fracture reduces pain, allows early mobili-
zation, reduces the hospital stay and reduces medical
complications. On the other hand, surgical treatment
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has known risks: infection, blood loss, wound compli-
cations, sciatic nerve injury, abductor weakness and
heterotopic ossification (5).

Nonoperative management can be considered
when treating acetabular fractures in people of every
age: generally speaking, it can seem safer than surgical
treatment (5, 6). Undisplaced or minimally displaced
(< 2 mm) fractures could be treated nonoperatively, es-
pecially in elderly people. Absolute indications for sur-
gical treatment even in elderly patients are displaced
fractures with medialization of the femoral head and
comminuted fractures of the posterior wall with con-
sequent posterior instability and recurrent hip disloca-
tion (9, 10).

The aim of this review is to analyze the current lit-
erature about AFE (aged 60 years old and over), con-
sidering mechanism of trauma, fracture classification,
indications for nonoperative treatment, post-operative
scores and postoperative level of function, total hip ar-
throplasty conversion rate and mortality.

Materials and Methods
Search criteria

This research was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines (11, 12). The US Na-
tional Library of Medicine (PubMed/MEDLINE),
Embase, and the Cochrane Database of Systematic
Reviews were queried for publications without time
limitation, utilizing various combinations of search
terms: “acetabular fracture”, “elderly patients”, “60
years”, “nonoperative”, “nonsurgical” and “conservative
treatment”. Only abstracts of papers that evaluated the
clinical outcomes of acetabular fractures in elderly pa-
tients (age > 60 years) were reviewed (Figure 1).

Inclusion and exclusion criteria

Abstracts describing clinical outcomes after AFE
aged 60 years or over were reviewed. Inclusion criteria
were: any original study in which all patients aged 60
years or over were managed nonoperatively. Exclusion
criteria were: studies with patients younger than 60

years, case reports, reviews, surgical techniques reports,
biomechanical reports, instructional course lectures,
book chapters and abstracts from scientific meetings.

Data Extraction

Two independent reviewers (GC and AA) sepa-
rately conducted the described search of articles by title
and abstract. The two authors compile a list of papers
after application of inclusion and exclusion criteria. If
the title and abstract of the study contained the inclu-
sion criteria, the full manuscript was reviewed. In ad-
dition, a cross-reference search of the selected articles
was also performed to obtain other relevant studies.
If there was disagreement between the two authors,
a third author (A.M.) was consulted to reach a con-
sensus. During the initial review of the study, the fol-
lowing information were collected for each paper: title,
first author, year of publication, study design, fracture
classification, mechanism of trauma, indications for
nonoperative management, rehabilitation protocol,
medical complications, hip’s related complications,
mortality rate and clinical score.

Level of Evidence and Studies Quality

Assessment of quality of the studies was con-
ducted using the Methodological Index for Non-Ran-
domized Studies (MINORS) criteria (13,14). MI-
NORS score ranges from 0 to 25, with a higher score
meaning higher quality.

Results
Demographic information and studies quality

After application of inclusion and exclusion cri-
teria, six studies (5-6,15-18) were included in the fi-
nal analysis (Table 1). A total of 315 patients aged 60
years old or over suffering for acetabular fractures were
included in the study. The mean age was 78.1 years
(range 60-101). The mean follow-up was 48.7 months
(range 12-70) (Table 1).

The quality of the included studies was vari-
able, with average MINORS score of 10.2 points
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Table 1. Demographic data of patients treated nonoperatively for acetabular fracture.

. Study N° of Age Female Inclusion
First Authot (YoF) Design patients (years) (%) Criteria Follow-Up (m)
Spencer (1989) | Letrospective 25 74(65t085) 16 (64%) patients aged between 65 9 to 52
Non Comparative and 95 years
Firooobazaki Retrospective 0
(2016) Comparative 99 78.6 +/-7.4 27 (27%) Aged 65 or older nr
Walley (2017) Retrospect.lve 49 81 (65 94) Aged 75 years or older,.01.r §5 with 2 14 (1 60)
Comparative or more comorbidities
Ryan (2017) Retrospective 27 76 (70 to 94) o Aged 60 with fracture pattern that 26 (1278

Non Comparative

met operative criteria

Boudissa (2019) Retrospect.lve 44 73.8 (60 101) 12 (27.3%) 60 years, with Parker score > 6 and minimum 2
Comparative displaced acetabular fracture years
Wollmer- Retrospective 0 .
stadt(2020) Comparative 67 80 +-10  38(56.7%) 60 years old with low energy trauma 70 +/- 31

YoP = Year of Publication

(range 8-15), revealing that the quality of the studies
was quite low. A meta-analysis was not done because
of this low score.

Indications for nonoperative management of acetabular
Jfractures

Two studies did not specify the criteria used for
nonoperative treatment of acetabular fractures and the
only inclusion criteria mentioned was patients with an
age > 65 years (15,16). One study (18) included pa-
tients, aged 60 years or over, who sustained an acetabu-
lar fracture after a low energy trauma. Fracture caused
by this mechanism (for example, a fall from standing)
was a criterion for nonoperative treatment. One study
chose nonoperative treatment for patients aged > 75
years, or > 65 years with two or more medical comor-
bidities (6). Two studies (5, 18) included patients aged
60 years or over with a fracture pattern that met cri-
teria for operative treatment; one of these two studies,
as an adjunctive inclusion criterion, considered only
patients with a Parker-Palmer score > 6 (This score is
a “mobility score”, used to assess the functional level of
activity before the injury). Only two studies reported
the specific criteria used for eligibility of the patients
to nonoperative treatment. In the study by Ryan et al.
(17) the most frequent reason that led to nonoperative
management was old age (higher than 75 years) and
medical comorbidities; other minor reasons were pre-
existing arthritis, osteoporosis, poor bone quality and

refusal of surgery. In the study by Boudissa et al. (5),
the most frequent reason for nonoperative treatment
was the presence of medical comorbidities, followed by

old age (higher than 75 years), and refusal of surgery.
Fracture classification

Four studies used the Judet-Letournel classifi-
cation criteria (5, 6, 15, 17), one study used the AO/
OTA classification criteria (16) and one study did not
report any fracture classification (18). Overall, 190
fractures were classified according to Judet-Letournel
criteria. A simple pattern fracture occurred in 76.5%
of the cases (145 patients), while a complex pattern
occurred in 23.5% of the cases (45 patients). The most
frequent simple fracture pattern was the involvement
of the anterior column (25.3%, 48 patients), followed
by transverse fracture (10.5%, 20 patients); among the
complex fracture pattern, the most frequent was an-
terior column plus posterior hemitransverse fracture
(9.5%, 18 patients), followed by both column fracture
(8.9%, 17 patients). Fractures involving the posterior
region of the acetabulum were rare; in these cases, the
most frequent patterns were posterior wall fracture
(8.4%, 16 patients), isolated posterior column fracture
(3.2%,6 patients) and posterior wall plus column frac-
ture (3.2%, 6 patients). Firoozabadi et al. (16) used the
AO/OTA classification in 99 patients: the most fre-
quent fracture pattern was 62 B3 (32.1%), followed by
62 C1 (20.1%) and 62C2 (13.5%) (Table 2).
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Complex
16
14

Simple
25
49
27
44
145 (76.3%) 45 (23.7%)

PW+PC
6 (3.2%)

T +PW

2 (1.1%)
both column; ACPHT = anterior column-posterior hemi

Complex Fracture
T-Shaped
2 (1.1%)

posterior wall; BC

18 (9.5%)

ACPHT

BC
17 (8.9%)

PW

posterior Column; PW

16 (8.42)

posterior wall and posterior column

PC
6 (3.2%)

11

Simple Fracture
TF

21
20
10 (5.3%) 48 (25.3%) 20 (10.5%)

AC

9

AW

Ryan
Boudissa

Overall
AW = anterior wall; AC = anterior column; TF = transverse; PC

transverse; T+PW = transverse and posterior wall; PW +PC

First Author
Spencer
Walley

Table 2: Classification according to Judet and Letournel criteria was reported in four studies. Simple fractures (76.3%) involving the anterior columns (25.3) were the most

frequent.

Trauma Related Information

Mechanism of trauma

Five out of six studies (262 acetabular fractures)
reported the mechanism of trauma. The most frequent
cause was a fall from standing in 80% of the fractures
(210 acetabular fractures), while a traffic accident (as
motorbike or motor-vehicle accident) was the cause
in 14% of cases (37 acetabular fractures); a fall from
a height (> 2 meters) was the cause in 6% of cases (15
acetabular fractures).

Associated Injuries

Five out of six studies reported information about
the presence of associated injuries. In three studies (15-
17), it was reported the percentage of patients that suf-
fered for at least an associated injury; in the other two
studies (15, 17), it was reported the average Injury of
Severity Score. Spencer et al. (15), reported an associ-
ated orthopedic injury in 44% of the cases (11 out of 25
patients); they concluded that, in presence of ipsilateral
fractures of the femoral head, the outcome was generally
poor. Firoozabadi et al. (16) reported that an associated
injury was present in 33% of cases. Ryan et al. (17) re-
ported an average Injury of Severity Score of 9.4 in their
case series, while Boudissa et al. (5) reported an average
Injury of Severity Score of 6.6. Ryan et al. (17) reported
the presence of an associated single injury at the ipsilat-
eral limb in 7.4% of the cases, multiple injuries at the
same limb in 7.4% and associated chest injury in 3.7%.

Comorbidities

Four out of six studies reported the comor-
bidities of patients that sustained acetabular fracture.
Firoozabadi et al. (16) reported that at least one medi-
cal comorbidity was present in 85.7% of cases, with
an average of 2,2 medical comorbidities per patient.
Walley et al. (6) reported that 24% of patients younger
than 75 years have two or more medical comorbidities:
the most frequent were coronary artery disease (45%),
diabetes (25%) and chronic obstructive pulmonary
disease. Ryan et al. (17) reported that patients had an
average of two comorbidities; three patients (11.1%)
presented four or more comorbidities. Boudissa et al.
(5) reported that 22% of the patients reported at least
one medical comorbidity.
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Outcomes

Conwersion to THA

Five out of six studies (289 patients) reported the
conversion rate to THA due to secondary osteoarthri-
tis. The overall conversion rate was 8.3% (24 cases),
ranging from 2% in the paper by Walley (6) to 25% in
Boudissa’s series (5).

Mortality

Six studies (311 patients) (5-6,15-18) reported
the overall mortality rate in nonoperatively treated
acetabular fracture. The overall mortality was 33.1%
(103 of 311 cases), ranging from 12% to 44%. Five out
of six studies reported the data about 1-year mortality
(6,15-18): the average 1-year mortality was 18%, rang-
ing from 8% to 24% (Table 3).

Medical postoperative complications

Two studies reported the incidence of medical
postoperative complications (5,18). Boudissa et al. (5)
reported deep vein thrombosis in 11% of cases after
nonoperative treatment, compared with 5% of cases
in patients who underwent surgical treatment. Hearth
failure was present in about 10% of cases in both group
(operative and nonoperative). Wollmerstadt et al. (18)
reported infectious complications (pneumonia or low
urinary tract infection) as present in 22.9% of patients
treated nonoperatively, while it was only 9% in patients
treated operatively. In his series, patients treated oper-
atively showed a higher incidence of thromboembolic
event compared to nonoperatively managed patients,
respectively 7.5% and 0.9%.

Level of function and scores

Postoperative outcomes expressed by clinical
scores were reported in three studies. In two studies,
Merle-D’Aubigne scores was used (5, 18), in one study
WOMAC and HHS scores (17). In one study, three
pre-injury scores (Parker-Palmer, Activity of daily liv-
ing, instrumental activity of daily living) were used.
Two studies didn’t report pre-operative or post-opera-
tive scores (15,16). Boudissa et al. (5) reported A pre-
injury Parker-Palmer score of 8.3, a pre-injury activity
of daily living score of 5.5, a pre-injury instrumental

activity of daily living of 6.4. Ryan et al. (17), reported

a post-operative WOMAC score of 12.9. Wollmerstad
et al. (18), reported a post-operative Merle D’ Aubigne
score of 14.

Discussion

In this systematic review, we analyzed fractures
patterns, patient’s data, outcomes and indications to
nonoperative treatment of AFE. The weakest point of
this review is the lack of high evidence studies with
an appropriate number of patients on this topic. We
point out and try to understand the argumentation at
the base of nonoperative treatment of such fractures;
as it is well known, this seems opposite to the optimal
treatment for similar fractures in younger people (open
reduction and stable internal fixation for acetabular

fractures) (19, 23).

Indications for nonoperative management of acetabular
Sfractures

Acetabular fractures are articular fractures that need
an anatomic reduction in order to obtain a good func-
tional outcome. Nonoperative management is feasible
in case of congruence of the hip joint, articular stability
and absence of displaced fractures on the weight-bearing
acetabular dome. In this systematic review, we report as
age, comorbidities and pre-injury activity level play an
important role in decision making, when choosing be-
tween operative or nonoperative treatment.

There is high variability in terms of inclusion cri-
teria among the studies analyzed in this review.

Some studies considered “elderly” only the patients
aged 60 years old or over, while two other studies con-
sidered patients over 65 years old (15, 16). One paper
(18) included only patients over 60 years that sustained
an acetabular fracture after a low energy trauma; these
were the only two criteria utilized for submitting a pa-
tient to nonoperative treatment. One study chose non-
operative treatment for patients aged 75 years or over,
or 65 years or over but with two or more medical co-
morbidities (6). Two studies (5, 18) included patients
aged 60 years or over with a fracture pattern that met
criteria for surgical treatment; in addition one of these
two studies (18) included only patients with a Parker-
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Palmer score > 6.

Only two studies reported the specific criteria for
nonoperative treatment. In the study by Ryan et al.
(17) the most frequent reason that led to nonoperative
management was old age and the presence of medical
comorbidities; other causes of exclusion from surgi-
cal treatment were secondly considered (pre-existing
arthritis, osteoporosis and refused surgical treatment).
In the study by Boudissa et al. (5), the most frequent
reason for nonoperative treatment was presence of co-
morbities, followed by old age and refusal of surgical
indication by the patient.

The role of age in decision making

In the last years, as other fragility fractures, ace-
tabular fractures have become more frequent in elderly
population (4,19-21). Feguson et al. (4) reviewed a
prospective database of 1309 acetabular fracture gath-
ered between 1980 and 2007, comparing the incidence
over time between patients younger and older than 60
years. They reported a 2.4-fold increase in acetabular
fractures of the older patients between the first and the
second half of the study period. The incidence of AFE
was 10% between 1980 and 1994 and 24% between
1995 and 2007 (4). Rinne et al. (24) reported an over-
all increase in incidence of acetabular fracture in the
Finnish population: from 6.4/100.000 fractures per
year in 1997 to 7.2/100.000 fractures per year in 2014;
the incidence of these fractures in younger population
remained constant in this period, while a considerable
increase in incidence was reported in patients older
than 60 years.

In this review, the average age for patients treated
nonoperatively is 78.1 years (range 60 to 101 years).
This is slightly higher than the average age of patients
operated for acetabular fractures in the paper by Ca-
pone et al (25), whom average age was 71.6 years
(range 55 to 96 years). Similarly, Goyal et al. (26) re-
viewed 48 studies about AFE (7878 geriatric patients),
reporting an average age of 72.4 years (treated both
surgically or non surgically)

Mechanism of injury

In elderly patients the incidence of different frac-

ture patterns is different from younger people. A fall
from standing, with direct hit on the greater trochant-
er, pushes the head from posterior to anterior and from
lateral to medial. This force is transmitted through the
anterior wall or column and involves the quadrilat-
eral plate as well. Indeed, as reported in the German
Trauma Registry, anterior column fracture is the most
common simple fracture, and anterior column plus
posterior hemi-transverse in the most common com-
plex fracture (27).

Another point to discuss is the energy of injury.
The prevalent mechanism of injury for AFE is a fall
from standing: in the present study we report this
mechanism in 80% of cases. Other reviews, that in-
cluded patients treated operatively, reported fall from
standing as the most frequent mechanism of trauma as
well, but with a significantly lower incidence (4, 26).
Capone et al (24) reported 54% of fractures caused by
a fall; Goyal et al reported fall from standing in 47,1%
of cases (26).

AFE caused by low energy trauma occurs very
often in osteoporotic bone; nonoperative treatment of
such cases can be advisable also for the risk of inability
to get a good reduction (for the comminution) and a
stable fixation (for bad bone quality). When nonop-
erative treatment is chosen, the partial articular con-
gruence, as consequence of an unreduced fracture, is
counterbalanced by avoidance of the risks correlated
with anesthesia and with surgical treatment. This ar-
gumentation could explain the high rate of low energy
fractures in studies where conservative treatment was
chosen, in contrast to relatively low rate (of low energy
fractures) in studies analyzing operative treatment.

Comorbidities

Medical comorbidities play an important role in
decision making. Medically unfit patients with sev-
eral medical comorbidities are often treated nonop-
eratively (28, 29). In the present review, four out of
six studies reported information about comorbidities.
Firoozabadi et al. (16) reported 85,7% of patients with
one or more comorbidities; Walley et al. (6) reported
that 24% of patients younger than 75 years had two
or more comorbidities. Coronary artery disease and
diabetes were the most frequent comorbidities (5, 6).



Acta Biomed 2021; Vol. 92, Supplement 3: ¢2021555

Metabolic and cardiovascular diseases, obesity and se-
vere osteoporosis are common in these patients. In case
of one or more comorbities, the prognosis of formal
open surgical procedure is worse and other options can
be considered: prosthetic replacement, minimally in-
vasive surgery or nonoperative treatment (5,6-16). The
current data support the theory that medical comor-
bidities should be strongly considered in the process of
decision making when treating acetabular fractures in
elderly people.

Outcomes

This review shows a low incidence of THA con-
version in patients treated nonoperatively (8.3%, range
2% to 25%) (6, 16), that is lower when compared with
patients treated with ORIF (nearly 30%) (30-31%).

Similar to hip fracture in elderly population, AFE
are associated with an increased risk of mortality in
the perioperative period . In our review, we reported
a mortality rate of 18% at one-year follow-up, and an
overall mortality of 33.1%, with an average follow-up
of 48.7 months. Gary et al. (32) reported the mortal-
ity rate in a multicenter study including 454 patients:
considering both surgical and conservative treatment,
one-year mortality rate was 18%. Patients treated non-
operatively showed higher mortality rate than those
treated with ORIF. When results were adjusted for
confounder factors, as age, gender, mechanism of trau-
ma, and Charlson Comorbidity Index, no significant
difference in hazard of death were documented. They
observed that factors as age > 60 (Hazard Ratio 1.5),
age > 70 years (Hazard Ratio of 1.08 per year) , and
complex fractures (Hazard Ratio 1.51) were associated
with an increased risk of mortality (32,34). This study
reveals that age and comorbidities are the main fac-
tors affecting mortality rate, more than the treatment
itself. Firoozabadi et al. (16) reported one of the higher
overall mortality rates (32.7% at one year), with 78.4%
of these patients died within 75 days from the injury.
In their study, 44% of patients treated nonoperatively
was died at one-year follow-up. Khosbin et al. (35)
compared mortality rate and perioperative complica-
tion of elderly patients affected by acetabular and hip
fractures. They reported the mortality rate at 30-days:
6.6% for acetabular fracture and 4.6% for hip fractures

(p = 0.14). No differences were noted for perioperative
complications, such as deep vein thrombosis, deep and
superficial wound infection, pneumonia and stroke
(35,38). The only statistically significant difference was
for pulmonary embolism, that was more frequently as-
sociated with acetabular fracture.

Limitations

We had some limitations in this study.

First, we were limited by the low quality of the
analyzed studies. The variability in the inclusion cri-
teria was one of the main concerns in this review.
Another important difference is that some studies
included patients with fractures pattern amenable to
nonsurgical treatment, while other studies included
patients treated nonoperatively for general contraindi-
cations. Moreover, methods used for outcomes report
were different among different studies.

Second, our methodology did not allow for iden-
tification of unpublished literature and is limited by
potential publication bias. Larger multicenter studies
that use similar outcome assessment measures would
be helpful to better compare results of nonoperative
and operative treatment of AFE.

Finally, there was high variability in rehabilitation
protocols following nonoperative treatment.

Conclusion

The management of AFE is a challenging prob-
lem and there is no consensus about the best treat-
ment. Currently, multiple treatment options have been
suggested, depending on fracture pattern and patients’
general conditions. Acute THA have become a com-
monly used treatment for acetabular fractures in elderly
patients, while ORIF is preferred in younger patients.
Although operatively treatment allow for an early re-
covery, there is not an high level of evidence about the
superiority in terms or complications and mortality
rate compared to nonoperative treatment in AFE.

In conclusion, we can assume that nonoperative
management is a viable option in presence of undis-
placed or minimally displaced AFE (27). Moreover,
patients with a displaced fractures that are medical un-
fit to sustain a surgical procedure are also candidates
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for nonoperative treatment, considering that they have

a low incidence of secondary osteoarthritis, and mor-

tality rate and postoperative outcomes similar to oper-
ated patients.

Conflict of Interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership, equity
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article

References

1.

10.

11.

Agostini P, Lugg ST, Adams K, Vartsaba N, Kalkat MS, Ra-
jesh PB. Postoperative pulmonary complications and rehabi-
litation requirements following lobectomy: a propensity score
matched study of patients undergoing video-assisted thoraco-
scopic surgery versus thoracotomy. Interact Cardiovasc Tho-
rac Surg; 24: 931-7.

Manson T, Schmidt AH. Acetabular Fractures in the Elderly:
A Critical Analysis Review. JBJS Rev 2016;4(10):01874474-
201610000-00002.

Macera CA, Ham SA, Yore MM, et al. Prevalence of physical
activity in the United States: Behavioral Risk Factor Surveil-
lance System, 2001. Prev Chronic Dis 2005;2(2):A17.
Aznar-Lou I, Zabaleta-Del-Olmo E, Casajuana-Closas M,
et al. Cost-effectiveness analysis of a multiple health beha-
viour change intervention in people aged between 45 and
75years: a cluster randomized controlled trial in primary care
(EIRA study). Int ] Behav Nutr Phys Act 2021;18(1):88.
Ferguson TA, Patel R, Bhandari M, Matta JM. Fractures of
the acetabulum in patients aged 60 years and older: an epi-
de-miological and radiological study. ] Bone Joint Surg Br
201092(2):250-7.

Boudissa M, Francony F, Drevet S, et al. Operative versus
non-operative treatment of displaced acetabular fractures in
elderly patients. Aging Clin Exp Res 2020;32(4):571-577
Walley KC, Appleton PT, Rodriguez EK. Comparison of
outcomes of operative versus non-operative treatment of
acetab-ular fractures in the elderly and severely comorbid
patient. Eur ] Orthop Surg Traumatol 2017;27(5):689-694.
McCormick BP, Serino J, Orman S, et al. Treatment mo-
dalities and outcomes following acetabular fractures in the
elderly: a systematic review. Eur J Orthop Surg Traumatol
2022;32(4):649-659.

Gautam D, Gupta S, Malhotra R. Total hip arthroplasty in
acetabular fractures. ] Clin Orthop Trauma 2020;11(6):1090-
1098.

Anglen JO, Burd TA, Hendricks K], Harrison P. The “Gull
Sign”: a harbinger of failure for internal fixation of geriatric
acetab-ular fractures. ] Orthop Trauma 2003;17(9):625-34.
Zha GC, SunJY, Dong SJ. Predictors of clinical outcomes af-
ter surgical treatment of displaced acetabular fractures in the
elderly. J Orthop Res 2013;31(4):588-95.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: an updated guideline for reporting systema-
tic re-views. BMJ 2021;372:n71.

Cacciola G, Mancino F, De Meo F, et al. Mid-term survi-
vorship and clinical outcomes of the medial stabilized systems
in primary total knee arthroplasty: A systematic review. ] Or-
thop 2021;24:157-164.

Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chip-
poni J. Methodological index for non-randomized studies
(minors): development and validation of a new instrument.
ANZ ] Surg 2003 Sep;73(9):712-6.

Cacciola G, De Martino I, De Meo F. Does the medial pivot
knee improve the clinical and radiographic outcome of total
knee arthroplasty? A single centre study on two hundred and
ninety seven patients. Int Orthop 2020 ;44(2):291-299
Spencer RF. Acetabular fractures in older patients. ] Bone
Joint Surg Br 1989;71(5):774-6.

Firoozabadi R, Cross WW, Krieg JC, Routt MLC. Acetabu-
lar Fractures in the Senior Population- Epidemiology, Mor-
tality and Treatments. Arch Bone Jt Surg 2017;5(2):96-102.
Ryan SP, Manson T'T, Sciadini MF, et al. Functional Outco-
mes of Elderly Patients With Nonoperatively Treated Ace-
tabular Fractures That Meet Operative Criteria. ] Orthop
Trauma 2017;31(12):644-649.

Wollmerstidt ], Pieroh P, Schneider I, et al. Mortality, com-
plications and long-term functional outcome in elderly pa-
tients with fragility fractures of the acetabulum. BMC Geriatr
2020 ;20(1):66.

20. De Martino I, Strigelli V, Cacciola G, Gu A, Bostrom
MBP, Sculco PK. Survivorship and Clinical Outcomes of
Custom Triflange Acetabular Components in Revision To-
tal Hip Arthroplasty: A Systematic Review. ] Arthroplasty
2019;34(10):2511-2518.

Rinne PP, Laitinen MK, Huttunen T, Kannus P, Mattila VM.
The incidence and trauma mechanisms of acetabular fractu-
res: A nationwide study in Finland between 1997 and 2014.
Injury 2017;48(10):2157-2161.

Lundin N, Huttunen T'T, Berg HE, Marcano A, Fellinder-
Tsai L, Enocson A. Increasing incidence of pelvic and aceta-
bular fractures. A nationwide study of 87,308 fractures over
a 16-year period in Sweden. Injury 2021;52(6):1410-1417.
Cacciola G, De Meo F, Cavaliere P. Mechanical and elution
properties of G3 Low Viscosity bone cement loaded up to
three antibiotics. ] Orthop 2018;15(4):1004-1007.

Waseem S, Lenihan J, Davies BM, et al. Low body mass
index is associated with increased mortality in patients with
pelvic and acetabular fractures. Injury 2021 May 4:S0020-
1383(21)00414-9.

Rinne PP, Laitinen MK, Huttunen T, Kannus P, Mattila VM.
The incidence and trauma mechanisms of acetabular frac-tu-
res: A nationwide study in Finland between 1997 and 2014.
Injury 2017;48(10):2157-2161.

Capone A, Peri M, Mastio M. Surgical treatment of acetabu-
lar fractures in the elderly: a systematic review of the results.
EFORT Open Rev 2017;2(4):97-103.

Goyal T, Singh G, Kumar Tripathy S, Schuh A, Veerappa LA,



Acta Biomed 2021; Vol. 92, Supplement 3: ¢2021555

28.

29.

30.

31.

32.

33.

34.

Kumar Sen R. Acetabulum fractures in elderly: A systema-
tic re-view of fracture pattern and treatment. J Clin Orthop
Trauma 2020;11(6):989-1001.

Mohan K, Broderick JM, Raza H, O’Daly B, Leonard M.
Acetabular fractures in the elderly: modern challenges and the
role of conservative management. Ir ] Med Sci 2021 Jul 19.
Peterson MD, Casten K, Collins S, Hassan H, Garcfa-Her-
moso A, Faul J. Muscle weakness is a prognostic indicator of
disa-bility and chronic disease multimorbidity. Exp Gerontol
2021;152:111462.

Klinedinst TC, Terhorst L, Rodakowski J. Multimorbidity
groups based on numbers of chronic conditions are associated
with daily activity. Chronic I1lln 2021:17423953211023964.
Borg T, Hernefalk B, Hailer NP. Acute total hip arthroplasty
combined with internal fixation for displaced acetabular frac-
tures in the elderly: a short-term comparison with internal
fixation alone after a minimum of two years. Bone Joint J
2019;101-B(4):478-483.

Weaver MJ, Smith RM, Lhowe DW, Vrahas MS. Does Total
Hip Arthroplasty Reduce the Risk of Secondary Surgery Fol-
lowing the Treatment of Displaced Acetabular Fractures in
the Elderly Compared to Open Reduction Internal Fixation?
A Pilot Study. ] Orthop Trauma 2018;32 Suppl 1:540-S45.
Gary JL, Paryavi E, Gibbons SD, et al. Effect of surgical
treatment on mortality after acetabular fracture in the el-
derly: a mul-ticenter study of 454 patients. ] Orthop Trauma
2015;29(4):202-8.

Bruschetta D, Anastasi G, Andronaco V, et al. Human
calf muscles changes after strength training as revealed
by diffusion tensor imaging. J Sports Med Phys Fitness
2019;59(5):853-860.

35.

36.

37.

38.

39.

Aprato A, Nardi M, Arduini M, et al. Italian Consensus
Conference on Guidelines for preoperative treatment in ace-
tabular fractures. Acta Biomed 2021;92(4):¢2021290.
Khoshbin A, Atrey A, Chaudhry H, et al. Mortality Rate
of Geriatric Acetabular Fractures Is High Compared With
Hip Frac-tures. A Matched Cohort Study. ] Orthop Trauma
2020;34(8):424-428.

Mancino F, Cacciola G, Di Matteo V, et al. Surgical impli-
cations of the hip-spine relationship in total hip arthroplasty.
Or-thop Rev (Pavia) 2020;12(Suppl 1):8656.

Masse A, Aprato A, Rollero L, Bersano A, Ganz R. Surgical
dislocation technique for the treatment of acetabular fractu-
res. Clin Orthop Relat Res 2013;471(12):4056-64.

Masse A, Aprato A, Alluto C, Favuto M, Ganz R. Surgical
hip dislocation is a reliable approach for treatment of femoral
head fractures. Clin Orthop Relat Res 2015;473(12):3744-
51.

Received: 1 November 2021

Accepted: 23 November 2021

Correspondence:

Alessandro Aprato, MD

University of Turin, Department of Orthopaedic Surgery,
C.T.O., Turin, Italy.

Via Gianfranco Zuretti n"29

Turin, 10126, Italy

Phone: 3386880640

E-mail: Ale_aprato@gmail.com



