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Abstract
Purpose Hidden infections in a reconstructive surgery pro-
gram are frequently underestimated.
Methods A retrospective study was undertaken of 1,891 civil-
ian war-wounded patients from Iraq, Syria, Yemen and Gaza
treated in Amman from August 2006 to January 2016. One
thousand three hundred and fifty-three underwent surgical in-
terventions for previous bone injury and had systematic bone
cultures.
Results Among patients (167) without any clinical, biological
or radiological signs of infection, 46% demonstrated infection
based on bone cultures. We conclude that bone culture should
become a prerequisite for any reconstruction in such contexts.
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Introduction

Médecins Sans Frontières (MSF) began a civilian reconstruc-
tive war-wounded program in Amman in 2006. The project
aimed to treat civilian Iraqi victims of violence and later ex-
panded to include victims of violence in neighbouring coun-
tries, including Syria, Yemen and Gaza [1].

The project provides surgical reconstructive operations in
the specialties of orthopaedic, plastic andmaxillofacial surgery.
From the first days of the project, MSF specialists in the fields

of surgery and infectious disease were faced with high
percentages of bone infections in those patients [2].

The majority of patients were referred to the project with-
out a complete history of injury type, mechanism of injury,
initial treatment and subsequent pre-referral surgical manage-
ment. MSF decided as a protocol to obtain bone cultures from
all patients who had a previous war-related injury regardless
of their clinical presentation or the type of surgery [1].

In this study we describe the retrospective analysis of those
bone cultures and lessons learned.

Patients and methods

We performed a retrospective analysis of bone-culture find-
ings from August 2006 to January 2016. As described above,
all patients with prior bone injury requiring further treatment
in our project had bone and deep soft-tissue cultures from their
site of injury during the first reconstructive surgery. We did
not perform bone cultures in the context of non-infected, soft-
tissue surgical sites. Likewise, patients who had previously
undergone bone surgery in virgin tissue for non-penetrating
trauma and those with no prior surgical intervention were
excluded.

A standard procedure for obtaining an open bone culture
was used [3, 4]. The results of swab cultures from sinus tract
infections were excluded as tissues sampling were requested [5,
6]. The surgeons were asked to obtain three to five cultures
from the bone and soft tissue in the area. The results of these
cultures were registered in the WHONET software of lab man-
agement and the data were retrospectively analysed according-
ly (http://www.who.int/drugresistance/whonetsoftware/en/).
Prophylactic antibiotics were either not given before surgery
or stopped at least two weeks before.
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Selection of the culture site was sometimes problematic
and left to the surgeon’s discretion. Straightforward areas for
culture included sequestra, previous pin and screw sites,
discoloured bony areas and suspicious-appearing soft tissue.
More difficult decisions were encountered in areas where the
bone appeared normal, or with minimum changes in colour,
and those with no obvious abnormal tissue. Bone sequestra
were sent as a whole segment to the lab, but larger fragments
proved to be more challenging as extensive release of soft
tissues could cause more damage [7].

Any positive bone culture was considered as a case of
osteomyelitis, and after full debridement, the patient received
six to 12 weeks of antibiotics according to MSF protocols.
Exceptions to the treatment regimen included cases in which
positive results were related to coagulase-negative
Staphylococcus bacteria.

The surgery was divided into two major categories: de-
bridement with external fixation in cases where clinical pre-
sentation suggested infection, and debridement of bone edges
with placement of plates, nails or screws (cannulated or non-
cannulated) where no clear clinical, biological or radiological
signs of infection were evident.

Results

A total of 1,891 patients underwent orthopaedic surgery which
were undertaken during the period from August 2006 to
January 2016. Based on inclusion criteria, bone cultures were
obtained from 1,353 patients.

We reviewed retrospectively the results of 5,578 individual
cultures obtained from these 1,353 patients. Mean age of pa-
tients was 32 years with a predominance of males (86%).

The distribution of cultures according to type of surgery is
detailed in Table 1.

The total number of cultures represents an average of 4.1
cultures for each surgical intervention, without a statistical
difference demonstrated between the type of surgery and the
number of cultures (P value = 0.76948).

The results of bone cultures, whether they were infected or
not, according to the type of surgery are shown in Table 2.

For the 167 patients with internal fixation (nails, plates and
screws), 46% were infected and 54% non-infected.

The average number of cultures taken from the non-
infected patients (2.5 cultures/patient) was less than the num-
ber of cultures taken from infected ones (mean 4.9 cultures/
patient), with a strong statistical significance (t-test, 0.000).

The type of sample infected with respect to the type of
surgery is shown in Table 3, and the types of bacteria and
number of isolates are shown in Table 4.

Discussion

Bone infections constitute one of the worst possible compli-
cations in war injuries [8, 9]. MSF projects to treat victims of
violence in the Middle East have faced the same challenges
from their first days [1, 2]. These challenges were represented
by a very high number of patients arriving at the projects
already infected, a high percentage of antibiotic resistance
(55%) [2] and, in the isolated bacteria, uncertainty about the
causes of these infections and their histories. The need for lab
accuracy in isolating these bacteria, as well as the develop-
ment of specific protocols for surgical management and anti-
biotic treatments, have been additional operational challenges.

Bone and deep soft-tissue cultures represent the principal
investigative assays and have the final word about the pres-
ence or not of bone infection [7]. There are few articles de-
scribing the surgical component of bone cultures in war-
wounded. Most major articles are either linked to medical
conditions [6] or the comparison with needle biopsies [5]
and sinus tracts cultures [10, 11]. The peculiarity of our project
is that we were doing bone cultures for all patients regardless
of their initial clinical, radiological or biological presentations.

The bacteriology analyses of those cultures are described in
Table 4 and show a predominance of Staphylococcus aureus,
Escherichia coli, coagulase-negative Staphylococcus and
Pseudomonas aeruginosa. Almost the same pattern of infec-
tion was found in other studies done in this project [2, 12].

The main surgical intervention was debridement and exter-
nal fixation. This procedure is the usual management of such

Table 1 The distribution of patients and cultures according to type of
surgical fixation

Type of fixation Number
of patients (%)

Number
of cultures

Debridement/external fixation 991 (73%) 4,506

Nail 162 (12%) 516

Plate 164 (12%) 493

Screws 36 (3%) 63

Total 1,353 (100%) 5,578

Table 2 Occurrence of infection of bone cultures according to the type
of surgery

Type of fixation Infected
(%)

Not infected
(%)

Total (%)

Debridement/
external fixation

850 (86%) 141 (14%) 991(100%)

Nail 80 (49%) 82 (51%) 162(100%)

Plate 74 (45%) 90 (55%) 164(100%)

Screws 13 (36%) 23 (7%) 36(100%)

TOTAL 1,017 (75%) 336 (25%) 1,353(100%)
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injuries. At the same time, internal fixation by means of nails,
plates or screws (cannulated or non-cannulated) were done in
specific patients where we anticipated no infection.
Nonetheless, 46% of those cases proved to be infected based
on cultures.

This evidence made us fully confident about the importance
of obtaining bone cultures, even in the absence of clinical,
radiological and biochemical elements of infection, especially
for cases scheduled for internal fixations. These findings also
raise the alarm that there are many missed opportunities to
discover hidden infections at the first stage of reconstructions.

Despite the clear protocol of having a minimum of three to
five bone samples for each patient, the data showed that the
number of cultures taken from non-infected patients was sta-
tistically significantly less than the average number of bone
samples taken for infected patients, and even less than the
minimum required by the protocol. We believe that the sur-
geons were more confident that there was no infection during
internal fixation, seeing less visible suspicious tissues (soft or
bone) requiring sampling during internal fixation. This finding
could lead us to think that we might have minimised our
hidden infection rate by decreasing the number of samples
in internal fixations surgeries.

The bone samples showed more positive results in compar-
ison to deep soft-tissue ones. Sixteen percent of positive

cultures were only from deep soft tissues at the time they were
negative from bone. The soft tissues at a non-union site can be
a reservoir for bone infection, and it is important to include
them in cultures. Forty-nine percent of positive cultures were
from bone only and 35% were from both bone and soft tissue.

All cultures were performed during the first surgery. This
procedure for patients with internal fixation were discussed
from the beginning in 2006, balancing the risk/benefit ratio
for infection. Our choice was to go ahead, taking the samples,
fixing the bone in one surgery and treating with appropriate
antibiotics if positive. We considered that the alternative of
taking biopsies and thus converting what was a relatively qui-
escent wound or infection into a new open wound, followed
by a second surgery a few days later, created more risks of
reactivation of the infection.

The infection recurrence rates, as well as the surgical and
functional outcomes in this project, were analysed in previous
retrospective studies and demonstrated an infection recurrence
rate of 7% in infected tibial non-union with better functional
improvements for non-infected patients presented with more
functional disabilities [1, 13].

In this study, the retrospective analysis of bone culture re-
sults gave us key messages; bone cultures are a prerequisite
for bone reconstruction after war injuries, regardless patient
clinical presentation. This becomes particularly accurate for

Table 3 Infection of soft tissue or
bone according to type of surgery Type of fixation Only soft tissue

was positive (%)
Only bone
was positive (%)

Both were
positive (%)

Total (%)

Debridement/external fixation 137 (16%) 403 (47%) 310 (37%) 850 (100%)

Nail 12 (15%) 48 (60%) 20 (25%) 80 (100%)

Plate 8 (11%) 40 (54%) 26 (35%) 74 (100%)

Screws 8 (1%) 6 (46%) 6 (46%) 13 (100%)

TOTAL 158 (16%) 497 (49%) 362 (35%) 1,017 (100%)

Table 4 Types of bacteria per infection site and number of isolates

Bacteria type Infected external fixation Infected nail Infected plate Infected screw Total

(n) % n % n % n % n %

Staphylococcus epidermidis 86 5.2% 6 5.9% 8 8.7% 0 0.0% 100 5.4%

Acinetobacter baumannii 36 2.2% 1 1.0% 1 1.1% 0 0.0% 38 2.0%

Escherichia coli 272 16.4% 20 19.8% 13 14.1% 3 16.7% 308 16.5%

Klebsiella pneumoniae 113 6.8% 3 3.0% 4 4.3% 0 0.0% 120 6.4%

Others 90 5.4% 3 3.0% 4 4.3% 1 5.6% 98 5.3%

Pseudomonas aeruginosa 213 12.9% 2 2.0% 8 8.7% 1 5.6% 224 12.0%

Proteus mirabilis 95 5.7% 3 3.0% 1 1.1% 0 0.0% 99 5.3%

Staphylococcus aureus 485 29.3% 28 27.7% 19 20.7% 8 44.4% 540 28.9%

Staphylococcus, coagulase negative 177 10.7% 32 31.7% 31 33.7% 3 16.7% 243 13.0%

Streptococcus viridans, alpha-hem. 88 5.3% 3 3.0% 3 3.3% 2 11.1% 96 5.1%

1,655 100% 101 100% 92 100% 18 100% 1,866 100%
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internal fixation surgeries. Sufficient samples should be taken
even in the absence of a clinical suspicion for infection and
soft-tissue cultures should not be forgotten.
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