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Abstract
Purpose  The American Academy of Orthopaedic Surgeons does not currently provide clinical practice guidelines for 
management of PAF. Accordingly, this article aims to review and consolidate the relevant historical and recent literature in 
important topics pertaining to perioperative management of PAF.
Methods  A thorough literature review using PubMed, Cochrane and Embase databases was performed to assess preopera-
tive, intraoperative and postoperative management of PAF fracture. Topics reviewed included: time from injury to definitive 
fixation, the role of inferior vena cava filters (IVCF), tranexamic acid (TXA) use, intraopoperative cell salvage, incisional 
negative pressure wound therapy (NPWT), intraoperative antibiotic powder use, heterotopic ossification prophylaxis, and 
pre- and postoperative venous thromboembolism (VTE) prophylaxis.
Results  A total of 126 articles pertaining to the preoperative, intraoperative and postoperative management of PAF were 
reviewed. Articles reviewed by topic include 13 articles pertaining to time to fixation, 23 on IVCF use, 14 on VTE prophy-
laxis, 20 on TXA use, 10 on cell salvage, 10 on iNPWT 14 on intraoperative antibiotic powder and 20 on HO prophylaxis. 
An additional eight articles were reviewed to describe background information. Five articles provided information for two 
or more treatment modalities and were therefore included in multiple categories when tabulating the number of articles 
reviewed per topic.
Conclusion  The literature supports the use of radiation therapy for HO prophylaxis, early (< 5 days from injury) surgical 
intervention and the routine use of intraoperative TXA. The literature does not support the routine use of iNPWT or IVCF. 
There is inadequate information to make a recommendation regarding the use of cell salvage and wound infiltration with 
antibiotic powder. While the routine use of chemical VTE prophylaxis is recommended, there is insufficient evidence to 
recommend the optimal agent and duration of therapy.

Keywords  Pelvic fracture · Acetabular fracture · Concept review · Time to fixation · Tranexamic acid · Heterotopic 
ossification

Introduction

Despite advancements in orthopedic surgical techniques, 
critical care medicine and multidisciplinary interventions, 
pelvic and acetabular fractures (PAF) remain complex inju-
ries with relatively high morbidity and mortality [1–4]. 
One-year mortality ranges from 5 to 42%, with patient age, 
blood transfusions, Injury Severity Score, pelvic instability 
and open injury serving as important prognostic factors [5, 
6]. The increased morbidity associated with these injuries 
can be attributed to hemorrhage, lengthy operative times, 
thromboembolic events and associated traumatic injuries 
[1–3, 5, 7].
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The American Academy of Orthopaedic Surgeons 
(AAOS) provides clinical practice guidelines on hip frac-
ture management [8], but similar guidelines do not exist for 
PAF, likely owing to the relative infrequency with which 
these fractures are encountered. Treatment considerations in 
managing patients with these complex injuries include time 
from injury to definitive fixation, the role of inferior vena 
cava filters (IVCF), tranexamic acid (TXA) use, intraopera-
tive cell salvage, incisional negative pressure wound therapy 
(NPWT), intraoperative antibiotic powder use, heterotopic 
ossification prophylaxis, and pre- and postoperative venous 
thromboembolism (VTE) prophylaxis.

The lack of consensus on management guidelines leaves 
many surgeons with questions as to the optimal treatment 
strategies to mitigate patient morbidity. Accordingly, this 
article aims to review and consolidate the relevant historical 
and recent literature in important topics pertaining to periop-
erative management of pelvic and acetabular fractures.

Methods

To help organize the review, the topics of perioperative 
management were divided into three sections: preoperative 
considerations, intraoperative considerations and postopera-
tive considerations (Fig. 1). A thorough literature review 
using PubMed, Cochrane and Embase databases was per-
formed for each individual topic discussed. Topics reviewed 
included: time from injury to definitive fixation, the role of 
inferior vena cava filters (IVCF), tranexamic acid (TXA) 
use, intraoperative cell salvage, incisional negative pressure 
wound therapy (NPWT), intraoperative antibiotic powder 
use, heterotopic ossification prophylaxis, and pre- and post-
operative venous thromboembolism (VTE) prophylaxis. 

Throughout the article the literature regarding each topic 
is summarized and a recommendation is given after critical 
appraisal of the relevant literature.

Results

A total of 126 articles pertaining to the preoperative, intra-
operative and postoperative management of PAF were 
reviewed. Articles reviewed by topic include 13 articles 
pertaining to time to fixation, 23 on IVCF use, 14 on VTE 
prophylaxis, 20 on TXA use, 10 on cell salvage, 10 on 
iNPWT 14 on intraoperative antibiotic powder and 20 on 
HO prophylaxis. An additional eight articles were reviewed 
to describe background information. Five articles provided 
information for two or more treatment modalities and were 
therefore included in multiple categories when tabulating 
the number of articles reviewed per topic.

Discussion

Preoperative considerations

Time to fixation

Thirteen articles were reviewed pertaining to time to fixa-
tion. Conflicting literature exists as to the optimal timing of 
surgical fixation of PAF. Central to the ambiguity is the fact 
that there is not established definition for “early” fixation in 
the literature, as the range has varied from < 24 h to 15 days 
from injury [9, 10]. More recent literature favors earlier sur-
gical treatment [11–13] (Table 1.)

Fig. 1   Pelvic and acetabular 
fracture treatment modalities 
(Microsoft PowerPoint)



1313Archives of Orthopaedic and Trauma Surgery (2023) 143:1311–1321	

1 3

Ta
bl

e 
1  

T
im

e 
to

 fi
xa

tio
n 

m
aj

or
 fi

nd
in

gs
/c

on
cl

us
io

n 
of

 re
le

va
nt

 a
rti

cl
es

 in
cl

ud
ed

 in
 re

vi
ew

LO
S 

le
ng

th
 o

f s
ta

y,
 IC

U
 in

te
ns

iv
e 

ca
re

 u
ni

t, 
AR

D
S 

ac
ut

e 
re

sp
ira

to
ry

 d
ist

re
ss

 sy
nd

ro
m

e,
 M

O
F 

m
ul

tip
le

 o
rg

an
 fa

ilu
re

, D
VT

 d
ee

p 
ve

in
 th

ro
m

bo
si

s, 
H
H
S 

H
ar

ris
 H

ip
 S

co
re

, I
L 

in
te

rle
uk

in
, P

AF
 p

el
-

vi
c 

an
d 

ac
et

ab
ul

ar
 fr

ac
tu

re

A
ut

ho
r

Jo
ur

na
l

Ye
ar

 o
f 

pu
bl

ic
a-

tio
n

D
efi

ni
tio

n 
of

 e
ar

ly
M

aj
or

 fi
nd

in
g/

co
nc

lu
si

on

M
or

bi
di

ty
 a

nd
 m

or
ta

lit
y

 V
al

lie
r

Tr
au

m
a,

 In
ju

ry
, I

nf
ec

tio
n 

an
d 

C
rit

ic
al

 C
ar

e
20

10
<

 24
 h

Ea
rly

 fi
xa

tio
n 

of
 u

ns
ta

bl
e 

PA
F 

re
du

ce
s m

or
bi

di
ty

 (p
ul

m
on

ar
y,

 
A

R
D

S,
 M

O
F 

an
d 

IC
U

 L
O

S)
 D

ev
an

ey
Tr

au
m

a 
an

d 
A

cu
te

 C
ar

e 
Su

rg
er

y
20

20
C

on
tin

uo
us

Ti
m

e 
to

 fi
xa

tio
n 

fo
r P

A
F 

ha
s d

ec
re

as
ed

 o
ve

r t
he

 la
st 

de
ca

de
, 

es
pe

ci
al

ly
 in

 p
ol

yt
ra

um
a 

an
d 

he
m

od
yn

am
ic

al
ly

 u
ns

ta
bl

e 
pa

tie
nt

s. 
N

o 
ch

an
ge

 in
 m

or
ta

lit
y,

 L
O

S 
or

 IC
U

 L
O

S
 H

ar
ris

on
A

rc
hi

ve
s o

f O
rth

op
ae

di
c 

an
d 

Tr
au

m
a 

Su
rg

er
y

20
21

<
 72

 h
G

er
ia

tri
c 

(6
5+

) p
at

ie
nt

s w
ith

 P
A

F 
ea

rly
 v

s l
at

e 
fix

at
io

n 
ha

ve
 

si
m

ila
r 1

 y
ea

r m
or

ta
lit

y 
ra

te
s

 G
lo

go
va

c
O

rth
op

ae
di

c 
Tr

au
m

a
20

20
<

 48
 h

G
er

ia
tri

c 
(6

5+
) p

at
ie

nt
s w

ith
 a

ce
ta

bu
la

r f
ra

ct
ur

es
 e

ar
ly

 v
s 

la
te

 fi
xa

tio
n 

ha
ve

 si
m

ila
r 3

0-
da

y,
 6

-m
on

th
, 1

-y
ea

r m
or

ta
lit

y 
ra

te
s, 

LO
S,

 D
V

T
 E

nn
in

gh
or

st
Tr

au
m

a,
 In

ju
ry

, I
nf

ec
tio

n 
an

d 
C

rit
ic

al
 C

ar
e

20
10

<
 24

 h
Pe

lv
ic

 ri
ng

 fr
ac

tu
re

s i
n 

po
ly

tra
um

a 
pa

tie
nt

s fi
xe

d 
ea

rly
 h

av
e 

no
 

si
gn

ifi
ca

nt
ly

 in
cr

ea
se

d 
ra

te
 o

f t
ra

ns
fu

si
on

, L
O

S,
 IC

U
 L

O
S 

or
 m

or
ta

lit
y

 D
in

g
O

rth
op

ae
di

c 
Tr

au
m

a
20

18
C

on
tin

uo
us

D
el

ay
s i

n 
ac

et
ab

ul
ar

 fr
ac

tu
re

 fi
xa

tio
n 

le
ad

s t
o 

in
cr

ea
se

d 
re

op
-

er
at

io
ns

 fo
r i

nf
ec

tio
n

Q
ua

lit
y 

of
 re

du
ct

io
n

 M
ad

hu
B

on
e 

an
d 

Jo
in

t S
ur

ge
ry

20
06

C
on

tin
uo

us
 a

nd
 c

at
eg

or
ic

al
 (a

na
to

m
ic

 re
du

ct
io

n 
an

d 
fu

nc
-

tio
na

l o
ut

co
m

es
, r

es
pe

ct
iv

el
y)

: E
le

m
en

ta
ry

—
<

 15
 d

ay
s 

an
d <

 15
 d

ay
s

A
ss

oc
ia

te
d—

<
 5 

da
ys

 a
nd

 <
 10

 d
ay

s

Ea
rly

 fi
xa

tio
n 

of
 e

le
m

en
ta

ry
 a

nd
 a

ss
oc

ia
te

d 
fr

ac
tu

re
s l

ea
ds

 to
 

be
tte

r a
na

to
m

ic
 re

du
ct

io
n 

an
d 

fu
nc

tio
na

l o
ut

co
m

es

 M
ea

rs
C

lin
ic

al
 O

rth
op

ae
di

cs
 a

nd
 R

el
at

ed
 R

es
ea

rc
h

20
03

 <
 11

 d
ay

s
A

na
to

m
ic

 re
du

ct
io

ns
 in

 d
is

pl
ac

ed
 a

ce
ta

bu
la

r f
ra

ct
ur

es
 le

ad
 to

 
be

tte
r c

lin
ic

al
 o

ut
co

m
es

 (H
H

S)
. D

el
ay

s o
f >

 11
 d

ay
s l

ea
d 

to
 

po
or

 ra
di

og
ra

ph
ic

 a
nd

 c
lin

ic
al

 o
ut

co
m

es
 D

ai
le

y
O

rth
op

ae
di

c 
Tr

au
m

a
20

16
C

on
tin

uo
us

Ea
rli

er
 o

pe
ra

tiv
e 

in
te

rv
en

tio
n 

in
 a

ce
ta

bu
la

r f
ra

ct
ur

es
 im

pr
ov

es
 

pr
ob

ab
ili

ty
 o

f a
ch

ie
vi

ng
 a

na
to

m
ic

 re
du

ct
io

n
Se

co
nd

 h
it 

im
m

un
e 

re
sp

on
se

 K
at

so
ul

is
In

ju
ry

20
06

4 
da

ys
In

 p
ol

yt
ra

um
a,

 d
am

ag
e 

co
nt

ro
l o

rth
op

ed
ic

s s
ho

ul
d 

be
 p

er
-

fo
rm

ed
, a

nd
 d

efi
ni

tiv
e 

fix
at

io
n 

sh
ou

ld
 b

e 
co

m
pl

et
ed

 a
fte

r 
4 

da
ys

 P
ap

e
Tr

au
m

a,
 In

ju
ry

, I
nf

ec
tio

n 
an

d 
C

rit
ic

al
 C

ar
e

20
01

Ea
rly

: 2
–4

 d
ay

s
La

te
: 5

–8
 d

ay
s

Se
co

nd
ar

y 
su

rg
er

y 
in

 e
ar

ly
 v

s l
at

e 
bl

un
t t

ra
um

a 
pa

tie
nt

s i
s 

as
so

ci
at

ed
 w

ith
 in

cr
ea

se
d 

po
sto

pe
ra

tiv
e 

or
ga

n 
dy

sf
un

ct
io

n
 P

ap
e

Tr
au

m
a,

 In
ju

ry
, I

nf
ec

tio
n 

an
d 

C
rit

ic
al

 C
ar

e
20

08
<

 24
 h

Pe
rio

pe
ra

tiv
e 

cy
to

ki
ne

s (
IL

-6
,8

) c
on

ce
nt

ra
tio

n 
is

 a
ss

oc
ia

te
d 

w
ith

 in
cr

ea
se

d 
bl

oo
d 

lo
ss

 in
 P

A
F 

su
rg

er
y

 Q
ia

o
Eu

ro
pe

an
 Jo

ur
na

l o
f T

ra
um

a 
an

d 
Em

er
ge

nc
y 

Su
rg

er
y

20
18

<
 24

 h
IL

-6
 le

ve
ls

 w
ith

in
 1

 d
ay

 o
f t

ra
um

a 
su

rg
er

y 
ca

n 
be

 u
se

d 
to

 h
el

p 
pr

ed
ic

t m
or

ta
lit

y,
 m

ul
tip

le
 o

rg
an

 fa
ilu

re
 a

nd
 d

ys
fu

nc
tio

n



1314	 Archives of Orthopaedic and Trauma Surgery (2023) 143:1311–1321

1 3

Studies demonstrate early fixation can reduce morbid-
ity in unstable PAF patients. Two retrospective studies 
showed early fixation in PAF fractures, < 24 h vs > 24 h 
and 5.5 h vs 5 days, resulted in fewer complications includ-
ing shorter ICU days, ARDS, pneumonia, DVT and overall 
pulmonary complications [9, 14]. Enninghorst et al. fur-
ther concluded that ORIF of unstable pelvic ring fractures 
is safe within 6 h. Ding et al. reviewed 791 acetabular 
fractures and found that increased time to fixation was 
associated with increased risk of infection with incidence 
as high as 40% with > 10 days of delay, compared to 15% 
for > 2 days of delay [15]. However, evidence suggests that 
there is no significant difference in 30-day, 60-day and 
1-year mortality rates between geriatric PAF patients oper-
ated on within < 72 h compared to those operated on > 72 h 
[12, 13]

Furthermore, delays in surgical fixation have been shown 
to significantly reduce the quality of fracture reduction [16, 
17]. Using logistic regression analysis, Dailey et al. showed 
that each day without operative intervention decreased the 
odds of anatomic reduction by 12% [17]. When assessing 
time to surgery as a categorical value, however, Madhu 
et al. showed that anatomical reduction was only negatively 
affected when time to surgery was greater than 15 days and 
greater than 5 days for elementary pattern and associated 
pattern fractures, respectively [10]. In their retrospective 
cohort of 650 acetabular fracture patients, Dailey et al. found 
that patients reduced within 3 days vs 4.5 days vs 7 days 
had good (displacement </= 1 mm), imperfect (2–3 mm) 
and poor (> 3 mm) anatomic reductions, respectively [17]. 
Good anatomic reduction, coupled with findings of equiva-
lent mortality and lower infection incidence has led several 
to conclude that early reduction is advised in PAF surgery 
[12, 15, 17].

Historically, definitive fixation was delayed due to the 
immense pro-inflammatory surge that occurs in polytrauma 
patients with these fracture patterns [3]. Seminal work by 
Pape and colleagues demonstrated a second surge, termed 
“second hit” by the authors, of IL-6 in patients treated early 
which raised concerns for potential multisystem organ fail-
ure [18, 19]. Injury Severity Score (ISS) and IL-6 inflamma-
tory marker are metrics used in predicting multisystem organ 
failure. In their study, Pape et al. found significantly more 
organ dysfunction in orthopedic fracture patients definitively 
fixed 2–4 days after injury versus those fixed 5–8 days after 
injury [18, 20].

Recommendation  Evidence suggests that fixation in the 
first 3–5 days increases the probability of achieving ana-
tomic alignment, reduces complication rates, and improves 
clinical outcomes without increasing mortality. While ear-
lier studies had raised concerns for a “second hit”, more 
recent evidence suggests that early fixation is safe.

IVC filters

Twenty-three articles were reviewed pertaining to IVC filter 
use as a preoperative management modality. PAFs are asso-
ciated with disruption of pelvic vascular structures (at the 
time of trauma or operative fixation) and require prolonged 
immobilization often leading to increased venous thrombo-
embolism (VTE) risk [21, 22]. Deep vein thrombosis (DVT) 
incidence ranges from 35 to 61% [23–25]. Patients with 
contraindications to chemical prophylaxis often have IVCF 
placed to prevent resultant complications of pulmonary 
embolisms (PE) [21, 26, 27]. They may be placed therapeu-
tically in those with diagnosed DVTs, or prophylactically in 
those at risk for developing a PE.

Historical studies investigating the use of prophylactic 
IVCF in high-risk trauma patients concluded that the inter-
vention significantly reduces PEs [21, 28, 29]. A systematic 
review from 2012 highlighted that few high-quality prospec-
tive randomized studies existed at the time [30]. One early 
randomized clinical trial (RCT) found IVCF efficacious in 
reducing PE, but could not find a statistical reduction in mor-
tality rate [31].

IVCF are not benign and can result in complications such 
as recurrent DVTs, vascular injury, filter migration, lower 
extremity edema, IVC thrombosis and in extreme cases 
phlegmasia cerulea dolens [26, 31–33]. Retrievable filters 
were introduced to mitigate these complications, though 
their retrieval was often less than 60% [34, 35]. Cherry et al. 
showed that retrievable filters did not demonstrate a signifi-
cant reduction in PE and that patients had 9% incidence of 
recurrent DVT [35]. Conversely, Toro et al. demonstrated 
effective prevention of PE and negligible complications with 
filter use in PAF patients diagnosed with preoperative DVT 
compared to other high-risk trauma groups, though other 
studies specific to these patients present less convincing evi-
dence for their efficacy [36, 37]. Recent studies by Cohen-
Levy et al. and Stein et al. exhibited no significant reduction 
in PE rates with IVCF placement in PAF patients [38, 39].

ACCP guidelines do not currently recommend the use 
of IVC filters as thromboprophylaxis for high-risk patients 
unless there exist both a proven proximal DVT and also 
absolute contradiction to full dose anticoagulation or urgent 
surgery [40, 41]. No strong recommendations can be made 
regarding IVC filter use in patients without any evidence of 
existing DVT [40, 41].

Recommendation  The use of IVC filters is not supported by 
recent, high-quality evidence. Furthermore, there are poten-
tial long-term sequelae from use of permanent or retrievable 
IVC filters as well as evidence that retrievable filters are not 
often retrieved. Consideration of IVCF should be reserved 
for a limited subset cases where chemical and mechanical 
VTE prophylaxis cannot otherwise be used [42, 43].
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Chemical venous thromboembolism (VTE) prophylaxis

Fourteen articles were reviewed pertaining to VTE prophy-
laxis as a perioperative management modality. Despite the 
increased risk of VTE in PAF patients, no established guide-
lines exist regarding prophylaxis [43–47]. Recent investiga-
tions in patients with PAF found that routine duplex ultra-
sonographic screening should not be performed as has not 
been shown to reduce the incidence of pulmonary embolism 
(PE) [48]. However, it is important to consider other con-
comitant injuries as well as delays in initiation of chemical 
prophylaxis as routine screening may have a role in higher-
risk patients [27, 49]

Generally, major orthopedic surgery utilizes many differ-
ent antithrombotic prophylaxis treatments [40]. In PAF stud-
ies, LMWH has been the most studied. Steele et al. showed 
LMWH is both safe and effective in VTE reduction espe-
cially when administered within 24 h of injury [7]. Admin-
istration methods include once daily fixed dose or single 
dose adjusted to body weight [50]. Recent studies assessing 
direct oral anticoagulants (DOAC) in pelvic trauma patients 
have demonstrated their safety and superiority to LMWH in 
reducing DVT, but not PE or in-hospital mortality incidence 
[25, 51]. Lastly, there is some evidence to support preopera-
tive suspension of anticoagulation prior to internal fixation 
in order to reduce blood loss and operative time [52].

Recommendation  There is insufficient evidence to offer a 
recommendation on the type or duration of chemical VTE 
prophylaxis. The authors’ practice is to discontinue chemi-
cal prophylaxis the night prior to surgery and resume on 
postoperative day 1.

Intraoperative considerations

TXA use

Twenty articles were reviewed pertaining to TXA use as a 
perioperative management modality. Transfusion is required 
in 24% of isolated pelvic fractures, 35% of isolated acetabu-
lar fractures and 57% of combination injuries [53]. Allogenic 
transfusions are associated with transmission of infectious 
disease, transfusion reaction, acute lung injury, DVT, and 
postoperative infection [54, 55]. Accordingly, strategies 
to mitigate blood loss are critical to mitigating morbidity 
[56–58].

Tranexamic acid (TXA) is an antifibrinolytic agent whose 
use has increased in the US due to its efficacy in reduc-
ing blood loss and safety [57, 59, 60]. The 2013 CRASH-2 
RCT demonstrated TXA a cost-effective treatment in reduc-
ing mortality when administered less than 3 h from injury 
among trauma patients [61]. Much of the literature on TXA 
in orthopedic surgery comes from the total joint replacement 

and spine literature [62–64] and more recently traumatology 
and hip fracture surgery [65–68]. Therefore, clinical trials 
on TXA use in PAF surgery have been recommended [69].

Two RCTs exploring the effects of intravenous TXA in 
PAF patients found that TXA offered no significant reduc-
tion in transfusion incidence, though one noted a reduction 
of total blood loss [70, 71]. Both also concluded no signifi-
cant increase in VTE with TXA use [70, 71].

Conversely, one recent retrospective study demonstrated 
significantly decreased mean intraoperative blood loss, post-
operative drain collection and postoperative transfusion rates 
with TXA use in PAF surgery [72]. Similarly, Cohen-Levy 
et al. determined that intraoperative TXA along with suspen-
sion of DVT chemoprophylaxis prior to surgery produced a 
20.7% reduction in blood product transfusion, 36-min reduc-
tion in operative time and did not result in higher rates of 
VTE in these patients [52].

Though there is no consistent dosage of TXA agreed 
upon in literature, most centers administer a preoperative 
dose, followed by a dose several hours after surgery or a 
dose near closure. Doses range from 10 to 15 mg/kg or 1–3 g 
[52, 70–72].

Recommendation  High-quality evidence favoring the use 
of TXA in PAF is lacking, although lower-quality stud-
ies do support their use. As no study has demonstrated an 
increased rate of DVT or PE associated with their use, the 
authors would recommend in favor of their routine use.

Cell salvage

Ten articles were reviewed pertaining to cell salvage as an 
intraoperative management modality. Intraoperative cell sal-
vage devices have increasingly been adopted in the setting of 
major orthopedic trauma [73–75]. These devices salvage red 
blood cells from the operative field, extensively wash them 
of contaminants, resuspend them in a saline solution and 
then transfuse them into the patient [75, 76]. While literature 
on the matter is controversial, relative contraindications to 
cell salvage include concurrent use of pharmacologic agents 
(clotting factors, irrigating solutions), obvious contaminants 
(bowel or bladder injury), malignancy and pre-existing 
hematologic disorders [77].

Cell salvage has been investigated in revision hip arthro-
plasty, lumbar spine surgery and trauma surgery [74, 76, 
78–80]. A meta-analysis of RCTs demonstrated decreased 
patient exposure to allogeneic blood transfusions when cell 
salvage was used in orthopedic surgery [81]. However, in 
the setting of PAF, recent literature demonstrates conflict-
ing reports to its efficacy. Three recent retrospective studies 
found no reduction in allogeneic blood transfusions [73, 75, 
82]. In fact, Scannell et al. found that blood-related expenses 
significantly increased with the use of cell salvage [75]. On 
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the contrary, Bigsby et al. and Odak et al. found the use 
of cell salvage is clinically efficacious and cost-effective in 
PAF; however, these studied lacked a control group for direct 
comparison [74, 78].

Recommendation  Based on the current literature, there is 
insufficient evidence to recommend for or against the use of 
cell salvage.

Incisional negative pressure wound therapy (iNPWT)

Ten articles were reviewed pertaining to iNPWT. Acetabular 
fractures are often the result of high-energy trauma lead-
ing to additional open soft tissue and bony injuries, leading 
to infection rates ranging from 5 to 12% [83–86]. Nega-
tive pressure wound therapy (NPWT) has traditionally been 
used in the setting of acute and chronic soft tissue wounds; 
however, recent literature demonstrates an increasing role 
in closed incisions (iNPWT) following high-risk orthopedic 
injuries, including PAF [83, 87].

NPWT accelerates wound healing via (1) mechanical 
properties: promoting blood flow to the wound, maintain-
ing a moist environment, reducing edema, placing the wound 
under tension and (2) biochemical properties: leading to 
alterations in the microbial milieu [87–90]. While previous 
studies advocated for its use, in a recent Wound Healing in 
Surgery for Trauma (WHIST) RCT, which included 1548 
patients, Costa et al. found no statistical difference with the 
use of iNPWT for surgical wounds associated with lower 
limb fractures from major trauma [83, 90–92]. While this 
RCT was specific to lower extremity fractures, it remains 
of value as previous studies comparing iNPWT to standard 
surgical dressings in the context of PAF were retrospective 
and considerably smaller [83, 90]. Additionally, Crist et al. 
performed a recent RCT specific to patients with acetabular 
fractures and found comparable results with no decrease in 
the incidence of deep infections with the use of iNPWT [87].

Recommendation  NPWT is more costly than conventional 
surgical dressings and recent investigations have failed to 
demonstrate clinical benefit for preventing surgical site 
infections.

Antibiotic powder

Fourteen articles were reviewed on the use of antibiotic 
powder intraoperatively. While IV perioperative antibiotics 
are the gold standard for preventing SSIs, local delivery of 
antibiotics has been of increased interest due to its limited 
systemic toxicity and ability to achieve high concentrations 
at the surgical site. Surgical wounds often consist of local 
areas of hematoma, seroma and tissue ischemia, which are 
inaccessible to systemically administered antibiotics [93, 

94]. This is often amplified in trauma due to the presence of 
significant soft tissue disruption. In the setting of spine sur-
gery, many studies have demonstrated that topical adminis-
tration of vancomycin powder to the surgical site in addition 
to standard IV antibiotic prophylaxis reduces the incidence 
of SSI from 3 to 15 to 0.2% or lower [95–99]. The interven-
tion has also recently been demonstrated effective in total 
joint arthroplasty [100, 101]. One meta-analysis showed at 
least 65% less superficial and deep SSI in both total hip and 
knee replacement surgeries with local vancomycin admin-
istration [101]. Other studies have determined vancomycin 
powder efficacious in reducing bacterial load and preventing 
deep surgical site infections in high-risk orthopedic trauma 
patients [99, 102]. As a result of convincing evidence, 
O’Toole et al. conducted a randomized clinical trial across 
34 US trauma centers on local administration of vancomy-
cin powder in definitive fixation of tibial plateau and pilon 
fracture surgery [103, 104]. The addition of 1000 mg sterile 
vancomycin powder led to a 35% relative risk reduction of 
deep surgical wounds within 6 months compared to controls 
[104].

Less data have been reported on PAF surgery, though few 
retrospective studies have been published. Owen et al. inves-
tigated the efficacy of topical vancomycin and tobramycin 
powder in reducing the incidence of SSI after PAF surgery 
[105]. They found a significant decrease in the incidence 
of infection for patients with low levels of intraoperative 
blood loss [105]. However, the protective effects were not 
demonstrated in patients with greater than 1 l of intraopera-
tive blood loss [105]. More recently, however, Cichos et al. 
demonstrated no superiority of vancomycin and tobramy-
cin powder in reducing either deep or superficial SSI com-
pared to standard saline irrigation in acetabular patients who 
underwent ORIF [106].

Recommendation  Insufficient evidence exists to recom-
mend for or against the routine use of antibiotic powder in 
PAF exclusively; however, their use is supported in other 
clinical situations within orthopedic trauma and other sub-
specialties without significant complications. Thus, it is the 
view of the authors that routine use of antibiotic powder 
should be part of the arsenal available to surgeons as part of 
the infection prevention protocol.

Postoperative considerations

HO prophylaxis

Twenty articles were reviewed pertaining to HO prophylaxis. 
Heterotopic ossification (HO) is the formation of mature 
lamellar bone in non-osseous tissues [107, 108]. It occurs 
in up to 58% of patients who undergo internal fixation of 
PAF, is diagnosed radiographically and commonly manifests 
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as symptomatic stiffness of the joint with decreased range of 
movement [109–112]. The trigger for HO following major 
hip procedures is unknown, but several risk factors have 
been named, including delay in internal fixation, prolonged 
mechanical ventilation, diffuse idiopathic skeletal hyperos-
tosis, Paget’s disease and the use of the Kocher Langenback 
surgical approach [110–112]. The severity is determined 
using the Brooker classification grading (0 to IV), which 
takes into account the size of bone islands in the soft tis-
sue and their relative position to the acetabulum and pelvis 
[113].

The only treatment option for established HO is delayed 
surgical resection when the heterotopic bone has matured 
and encapsulated, approximately 6 months postoperatively, 
though complication of extreme blood loss, poor abductor 
function and abnormal gait can occur [108, 114]. Prophylac-
tic measures include NSAIDs or radiation [115]. However, 
both have side effects such as gastric ulcers, renal toxicity, 
fracture nonunion (NSAIDs) and malignancy (irradiation) 
[116]. Most commonly, NSAID prophylaxis is given as indo-
methacin in a 25-mg dose, three times a day, for 7–14 days 
postoperatively [116].

Several studies have suggested that the use of indometha-
cin as a prophylactic agent is effective in reducing the inci-
dence of clinically significant HO after acetabular surgery 
[117, 118]. When comparing placebo to 3 days, 1 week and 
6 weeks of indomethacin treatment, one RCT found reduced 
HO with 1 week of treatment though 6 weeks of prophylaxis 
increased incidence of fracture nonunion [118]. However, 
others have demonstrated contradictory evidence [116, 119, 
120]. Interestingly, Cheng et al. demonstrated reduced HO 
formation with use of combination treatment of parecoxib 
and celecoxib [121].

Radiation therapy (RT) is another commonly used pro-
phylactic modality [122]. Several studies have revealed its 
efficacy in reducing both total and severe HO incidence 
[123–125]. Childs et al. showed RT reduced HO formation 
by nearly 55% [107]. Moreover, RT has proven as effective 

as indomethacin [117] and safer [108]. Potential complica-
tions include carcinogenesis and infertility, though the risk 
is considered minimal, and documentation of adverse events 
are scarce [126].

RT therapy has been demonstrated effective in preventing 
HO in PAF patients up to 3 days postoperatively [107], with 
data showing a significant increase from 10% HO incidence 
within 3 days of injury to 92% with treatment greater than 
21 days after initial injury [122]. Thus, RT should be admin-
istered as early as clinically possible after the trauma.

Recommendation  Both indomethacin and single-dose radi-
ation therapy can be effective for the prevention of HO after 
surgery for PAF; however, there is conflicting literature with 
regard to indomethacin’s efficacy and potential nonunion 
incidence. RT has proven to be a more predictable surgical 
adjunct to prevent HO in PAF patients.

Conclusions

Many questions remain regarding the management of 
patients with PAF. As demonstrated above, there is a lack 
of available high-quality literature in regard to periopera-
tive management. Based on the current review, our recom-
mendations are as follows: the literature supports the use of 
radiation therapy for HO prophylaxis, early (< 5 days from 
injury) surgical intervention and the routine use of intra-
operative TXA. The literature does not support the routine 
use of iNPWT or IVCF. There is inadequate information to 
make a recommendation regarding the use of cell salvage 
and wound infiltration with antibiotic powder. While the 
routine use of chemical VTE prophylaxis is recommended, 
there is insufficient evidence to recommend the optimal 
agent and duration of therapy (Table 2).
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