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ARTICLE INFO ABSTRACT

Keywords: Background: Fracture-Related Infection (FRI) is an increasing and challenging complication following orthopedic
Frac'{ur_e-r-elz.ated infection trauma surgery. Preventive and microbial diagnostic measures vary significantly particularly in low- and middle-
Mugidlsmphnary teams income countries. The objectives of this national questionnaire were to investigate clinical practices towards
gls[ie;:l litis preventive and diagnostic strategies adopted by Brazilian orthopedic trauma centers and to assess the impact of

comy . Multidisciplinary Teams (MDT) on the management of FRI.
Antibiotic stewardship X . . R . L
Prevention Methods: A 34-item electronic questionnaire was developed via REDCap® and distributed to all trauma surgeons

Diagnosis registered of the Brazilian Society of Orthopedics and Traumatology (SBOT).

Results: With a response rate of 24 %, the survey was fully responded by 140 trauma surgeons, 63.6 % of them
working in southeast region centers. Collaborative work with MDT focused on musculoskeletal infections was
reported by only 41.0 %. Cephalosporins were universally prescribed as Perioperative Antibiotic Prophylaxis
(PAP), while association with an aminoglycoside increased (35.0 %) for severe open fracture. One-day duration
of PAP for closed fracture was prescribed in 68.1 %, while it often exceeded current recommendations. Diag-
nostic practices for FRI patients were primarily based on clinical signs and standard radiological and laboratory
tests, with limited use of microbiological techniques. Trauma services working collaboratively with MDT
significantly improved FRI management, including, use of sonication fluid for diagnosis (46.6 % vs. 26.8 %; p =
0.02), body weight-adjusted antibiotic dosing for PAP (50.0 % vs. 24.4 %; p = 0.02), appropriate duration of PAP
according to the severity of soft-tissue damage (80.7 % vs. 59.3 %; p = 0.01), infection risk stratification in
elderly patients with fractures (45.6 % vs. 21.0 %; p < 0.001), use of negative-pressure wound therapy (87.9 %
vs. 54.9 %; p < 0.001) and regular collaboration with orthoplastic surgeon (44.8 % vs. 17.5 %; p = 0.01).

Conclusions: This national survey revealed marked heterogeneity in FRI management across Brazilian trauma
services. Ongoing MDT collaboration improved clinical practice, especially diagnostic work-up and antimicrobial

stewardship.
Introduction trauma.’ Globally, FRI rates range from approximately 1 % in closed
fractures to up to 30 % in open fractures.” In Low- and Middle-Income
Fracture-Related Infection (FRI) represents the most serious and Countries (LMICs), where traffic-related trauma remains a major pub-
feared orthopedic complication associated with musculoskeletal lic health issue, infection rates in complex lower limb open fractures
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range from 13.9 % to 23 %.° In 2020 alone, over 190,000 hospitaliza-
tions and 32,716 deaths were attributed to Road Traffic Accidents
(RTA), with motorcyclists accounting for 61.6 % of hospitalizations and
36.7 % of fatalities — mostly affecting individuals under 40 years of age.”
Consequently, the estimated annual economic burden of RTA in Brazil
reaches approximately BRL 50 billion, excluding productivity losses
commonly measured in Disability-Adjusted Life Years (DALYs).>°
Within this national context, FRI rate is estimated at around 15.9 %.”
These infections are frequently polymicrobial and often require pro-
longed antimicrobial therapy and repeated surgical interventions, with
severe consequences including limb amputation, contributing signifi-
cantly to the financial burden on healthcare systems.® FRI management
has been associated with a 2.5-fold increase in surgical and hospitali-
zation costs, in addition to substantial spending on broad-spectrum
antimicrobials used to treat these infections.’

Given the complexity and heterogeneity of patients undergoing
treatment for FRI, the involvement of a Multidisciplinary Team (MDT)
has emerged as a promising strategy to improve clinical outcomes.’
Typically composed of orthopedic trauma and plastic surgeons, infec-
tious disease specialists, microbiologists, and clinical pharmacists, MDTs
operate across the pre-, peri-, and postoperative periods.'’ Their role
includes ensuring adherence to evidence-based preventive measures and
to antimicrobial stewardship, microbial diagnostic accuracy, and
adequate surgical decision-making. Ultimately, their involvement has
proved to mitigate rates of revision surgery, decreased amputation rates,
and improved quality of life for affected patients.'? Positive experiences
have been documented in the literature regarding MDT interventions in
Musculoskeletal Infections (MSIs), particularly with respect to opti-
mizing  antimicrobial use, reducing the emergence of
Multidrug-Resistant (MDR) organisms, and preventing adverse events
such as Clostridioides difficile infection.'® For example, a German insti-
tution demonstrated that weekly MDT meetings to manage peri-
prosthetic joint infections and spondylodiscitis were associated with
reduced antimicrobial use, shorter hospital stays, and lower rates of
revision procedures.'*!° Similarly, the MDT approach was beneficial in
managing complex extremity defects, often avoiding unnecessary limb
amputations. 16

The formal implementation of MDTs specifically focused on FRI
management is a relatively recent development. Until 2018, there was
no universally accepted definition of FRL'” That year, an international
expert panel established consensus diagnostic criteria based on existing
knowledge from periprosthetic joint infections.'® Despite this advance-
ment, considerable heterogeneity persists in clinical practice, including
variability in the number of intraoperative tissue samples, transport and
processing protocols, and the diagnostic use of inflammatory markers,
imaging, molecular diagnostics, sonication fluid cultures, and histo-
pathology.'®?! These inconsistencies contribute to underdiagnosis and
inappropriate treatment, often resulting in severe, irreversible compli-
cations. In Brazil, the situation is further aggravated by the country’s
continental dimensions, regional disparities in socioeconomic develop-
ment, and unequal access to healthcare services, both public and pri-
vate. These factors lead to marked variation in hospital infrastructure,
medical technology, implant availability, and the presence of trained
personnel to manage FRI cases.® Additionally, the national landscape is
characterized by a lack of epidemiological and microbiological data,
inconsistent adoption of preventive protocols, and the absence of stan-
dardized diagnostic tools for FRI.”

Considering these challenges, MDT implementation tailored to FRI
management emerges as a potentially impactful strategy in Brazil.
However, limited data are available regarding global FRI rates and the
adoption of standardized preventive and diagnostic practices, particu-
larly in LMICs. To address these gaps, we conducted a nationwide survey
to characterize the current practices of orthopedic trauma surgeons in
Brazil. Our objectives were to assess the national scenario and to eval-
uate the potential impact of MTD on the management of these complex
infections.
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Material and methods
Questionnaire development

This study was conducted as a survey, in which the questionnaire
was developed in August 2022 by a consolidate MDT at a tertiary aca-
demic university hospital. The items for the epidemiological survey
were designed using the modified Delphi method.?” This prospective,
qualitative approach aims to achieve consensus among experts on a
given subject through iterative rounds of discussion, participant ano-
nymity, and structured feedback. Each round allows for the refinement
of hypotheses and expert judgments until consensus or response stability
is attained. For the purposes of this study, a policy Delphi approach was
applied, conducted in the format of a Mini Delphi.zg’24 The first round
consisted of a meeting with approximately twenty orthopedic trauma
specialists at the Orthopaedic Department of the university hospital.
During this session, the study’s aims were presented, and ten broad,
open-ended questions related to the topic were posed (Appendix A).
Based on the responses obtained, two subsequent rounds of discussion
were held, leading to the development of a more refined and specific
version of the questionnaire. The final version was structured according
to the framework proposed by Marques, JBV et al.”® The study was
conducted in accordance with the World Medical Association Code of
Ethics (Declaration of Helsinki) for research involving human subjects.
The study protocol was approved by the local Research Ethics Com-
mittee under protocol number CAAE: 65,457,622.2.1001.5505 n°
6.095.500.

Questionnaire structure

The final questionnaire (Appendix B) comprised thirty-four ques-
tions divided into three sections: 1) Demographic data; 2) Strategies for
FRI prevention; and 3) FRI diagnosis. The prevention section was further
divided into four subsections: a) MDT involvement; b) Irrigation and
debridement practices; ¢) Antimicrobial prophylaxis; and d) Skin and
soft tissue management. All questions were formulated to be objective,
concise, and free of ambiguous language.”® Two types of multiple-choice
questions were included: some required participants to choose a single
best answer from a predefined list, while others presented affirmative
statements evaluated using a Likert scale ranging from “never” to “al-
ways”.?’ In some instances, participants were allowed to select more
than one answer. A brief introductory text was provided alongside the
questionnaire, clearly outlining the study’s objectives and emphasizing
the importance of participant contributions. The voluntary nature of
participation was highlighted, and the estimated completion time for the
survey was approximately ten minutes. Participants who agreed to
participate provided informed consent and retained a copy of the con-
sent document.”® A pilot test was carried out during the National
Congress on Trauma Surgery in November 2022, in which, the ques-
tionnaire was distributed to trauma specialists to evaluate the tool’s
relevance, feasibility, redundancy, reliability, and validity.>’

Questionnaire distribution

The final version of the questionnaire was administered via the
REDCap® platform and distributed by email in August 2023 to all or-
thopedic trauma surgeons registered with the Brazilian Society of Or-
thopedics and Traumatology (SBOT). The survey remained open for one
month. Non-respondents received up to two reminder emails between
two and four weeks following the initial invitation, and the survey was
additionally promoted through a QR code. SBOT is a national profes-
sional society dedicated to the advancement of orthopedic knowledge
and the dissemination of evidence-based practices in musculoskeletal
trauma care.
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Statistical analysis

Descriptive statistics were applied to analyze all collected data.
Categorical variables were presented as absolute frequencies and per-
centages. The survey response rate was calculated by dividing the
number of completed questionnaires by the total number of invitations
sent. To assess whether consistent collaboration with a fully MDT was
associated with more structured practices in the prevention and diag-
nosis of FRIs, a subgroup analysis was performed. Respondents were
classified into two groups based on their reported frequency of MDT
collaboration: the “with MDT” group included those who answered
“always” on the Likert scale, while the “without MDT” group comprised
those who selected “frequently”, “occasionally”, “rarely”, or “never”.
This binary classification was chosen to distinguish consistently struc-
tured MDT environments from those with less formal or variable
collaboration. It aimed to reflect the variability in MDT implementation
observed across Brazil and to explore the potential impact of more
robust, institutionalized team structures. For the purposes of this study,
an MDT dedicated to the management of musculoskeletal infections was
operationally defined as a structured team consisting of an orthopaedic
surgeon, an infectious disease specialist, a clinical pharmacist, and a
specialized nurse. Depending on complex cases management, other
specialists such as plastic surgeons could also be involved. This defini-
tion aligns with the framework proposed by Vasoo et al., who advocates
for multidisciplinary, guideline-driven approaches to bone and joint
infections.'? Bivariate analyses between MDT status and other variables
were performed using the Chi-Square test or Fisher’s exact test, as
appropriate. Statistical significance was set at a p-value < 0.05, with a
95 % Confidence Interval.

Results
Participant demographics

The survey was distributed via email to 587 orthopedic trauma
surgeons registered with SBOT in 2023. A total of 143 participants
accessed the form, and 140 completed the questionnaire in full, yielding
a response rate of 24 %. Most respondents practice in the Southeast
region of Brazil (n = 89; 63.6 %), where they more frequently collabo-
rate with multidisciplinary teams (p = 0.06), with a relatively balanced
distribution between private (n = 40; 28.6 %) and public healthcare
institutions (n = 35; 25.0 %). A significant proportion reported having
over ten years of professional experience (n = 79; 56.5 %). Nonetheless,
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only 41.4 % of respondents indicated consistent collaboration with the
MDT at their institutions for the management of FRIs (Table 1).

Prevention measures

In the initial management of open fractures, most surgeons reported
performing irrigation with normal saline without additives (n = 117;
83.6 %), typically using free pressure techniques (n = 111; 79.3 %). The
irrigation volume was adjusted according to fracture severity: 3 to 6
liters for Gustilo-Anderson type I or II fractures (n = 68; 48.6 %) and 9
liters or more for type III fractures (n = 76; 54.3 %). Debridement of
devitalized tissue was generally performed within six hours after
trauma, both for type GI or GII fractures (n = 78; 55.7 %) and for type
GIII fractures (n = 87; 62.1 %). In cases of complex trauma with severe
soft tissue damage, only 28.6 % of respondents reported regular
collaboration with an orthoplastic team. However, negative pressure
wound therapy was widely used as a preventive measure against FRIs (n
= 96; 68.6 %) (Table 2).

Antimicrobial prophylaxis

Surgical antimicrobial prophylaxis for open fractures was adminis-
tered within three hours after injury in most cases, for both types of GI or
GII fractures (n = 112; 80.0 %) and type GIII fractures (n = 120; 85.7 %)
(Table 2). Cephalosporins were the most frequently reported antibiotics
used for prophylaxis in closed fractures (n = 135; 88 %), as well as in
type GI or GII (n = 135; 70.0 %) and type GIII (n = 108; 40.0 %) open
fractures. The use of aminoglycosides increased with the risk of
contamination, particularly in the management of type GIII open frac-
tures (n = 94; 35.0 %). Other regimens were also reported (Fig. 1).

Regarding the duration of prophylaxis, antibiotics were administered
for one day in 94 cases (68.0 %) of closed fractures. For type GI or GII
open fractures, 92 respondents (67.0 %) reported maintaining antimi-
crobial prophylaxis for three or more days, a practice also followed by
121 respondents (88.0 %) in cases of type GIII fractures (Fig. 2).

Only 49 respondents (35.0 %) routinely adjusted antibiotic dosages
based on patient body weight, whereas 16 (11.4 %) reported never
performing this adjustment. Additionally, infection risk stratification in
elderly patients with intertrochanteric fractures to guide the duration of
surgical prophylaxis was consistently applied by only 16 respondents
(11.6 %), while 53 (38.4 %) reported never employing this approach.
Local antibiotic therapy for open fractures was reported as very rarely
used by 33 respondents (23.9 %) for type GI-II fractures and by 44 (31.7

Table 1
Regional distribution of participants’ demographic characteristics.
Total, n (%) North, n (%) Northeast, n (%) Midwest, n (%) Southeast, n (%) South, n (%) p-value
140 (100) 3(2.1) 18 (12.9) 6 (4.3) 89 (63.6) 24 (17.1)

Practice setting

Public 35 (25.0) 1(33.3) 6(33.3) 2(33.3) 23 (25.8) 3(12.5) 0.69
Private 40 (28.6) 1(33.3) 5(27.8) 4 (66.7) 27 (30.3) 3(12.5) 0.25
Mixed 30 (21.4) 0 (0.0) 3(16.7) 0 (0.0) 20 (22.5) 7 (29.2) 0.59
Philanthropic 10 (7.1) 0 (0.0) 2111 0 (0.0) 334 5(20.8) 0.06
Academic 21 (15.0) 0 (0.0) 2(11.1) 0 (0.0) 14 (15.7) 5(20.8) 0.72
Not reported 4(2.9) 1(33.3) 0 (0.0) 0 (0.0) 2(2.2) 1(4.2) 0.03
Training duration

0 — 5 years 32(22.9) 0 (0.0) 1(5.6) 1(16.7) 19 (21.3) 11 (45.8) 0.07
5 - 10 years 24 (17.1) 0 (0.0) 8 (44.4) 1(16.7) 12 (13.5) 3(12.5) 0.05
10 - 20 years 40 (28.6) 2 (66.7) 5(27.8) 2(33.3) 26 (29.2) 5 (20.8) 0.72
> 20 years 39 (27.9) 1(33.3) 4(22.2) 2(33.3) 28 (31.5) 4 (16.7) 0.77
Not reported 5(3.6) 0 (0.0) 0 (0.0) 0 (0.0) 4 (4.5) 1(4.2) 0.88
MDT teamwork

Always 58 (41.4) 0 (0.0) 4(22.2) 3(50.0) 44 (49.4) 7 (29.2) 0.27
Frequently 43 (30.7) 2 (66.7) 5(27.8) 0 (0.0) 32 (36.0) 4 (16.7) 0.24
Occasionally 24 (17.1) 1(33.3) 5(27.8) 2(33.3) 8(9.0) 8 (33.3) 0.05
Rarely 7 (5.0) 0 (0.0) 2 (11.1) 1(16.7) 2(2.2) 2(8.3) 0.29
Never 8(5.7) 0(0) 2(11.1) 0 (0.0) 334 3(12.5) 0.38

MDT, Multidisciplinary Team.
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Table 2
Preventive strategies in the management of fracture-related infections.

Total, n (%)

140 (100.0)
Irrigation solution type for open fractures
Normal saline 117 (83.6)
Normal saline + antibiotics 6(4.3)
Normal saline + antiseptics 16 (11.4)
Not reported 1(0.7)
Irrigation pressure for open fractures
Without pressure 111 (79.3)
Low pressure 21 (15)
High pressure 6 (4.3)
Not reported 2(1.4)
Saline volume for irrigation of GI or GII
< 3L 10 (7.1)
3-6L 68 (48.6)
7 - 9L 26 (18.6)
> 9L 35 (25.0)
Not reported 1(0.7)
Saline volume for irrigation of GIII
3-6L 27 (19.3)
7 -9L 37 (26.4)
> 9L 76 (54.3)
Average time from trauma to debridement of GI or GII
< 6h 78 (55.7)
6 — 24h 59 (42.1)
24 — 48h 2(1.4)
> 48h 1(0.7)
Average time from trauma to debridement of GIII
< 6h 87 (62.1)
6 - 24h 48 (34.3)
24 - 48h 1(0.7)
> 48h 1(0.7)
Not reported 3(2.1)
Average time from trauma to PAP in GI or GII
< 3h 112 (80.0)
3-6h 20 (14.3)
7 —12h 5(3.6)
13 -24h 201.4)
Not reported 1(0.7)
Average time from trauma to PAP in GIII
< 3h 120 (85.7)
3 -6h 14 (10.0)
7 - 12h 3(2.1)
13 - 24h 2(1.4)
Not reported 1(0.7)
Collaboration with orthoplastics
Always 40 (28.6)
Frequently 40 (28.6)
Occasionally 26 (18.6)
Rarely 17 (12.1)
Never 15 (10.7)
Not reported 2(1.49)
Use of negative pressure therapy
Yes 96 (68.6)
No 44 (31.4)

GI, Gustilo-Anderson type I open fracture; GII, Gustilo-Anderson type II open
fracture; GIII, Gustilo-Anderson type III open fracture; PAP, Perioperative
Antibiotic Prophylaxis.

%) for type GIII fractures. When local therapy was used, Poly-
methylmethacrylate (PMMA) was the most frequently reported carrier
(n=23; 16.4 %). At hospital discharge, antimicrobial prescriptions were
commonly issued regardless of the initial contamination risk, with
cephalexin being the most frequently prescribed oral antibiotic (n = 69;
49.3 %).

Diagnosis

When asked about diagnostic practices for FRIs, respondents re-
ported relying primarily on clinical signs and symptoms (e.g., fever and
local inflammatory signs [n = 120; 85.7 %]), blood tests [elevated in-
flammatory markers (n = 103; 73.6 %)], and radiographic findings (n =
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85; 60.7 %). Despite current international recommendations, microbi-
ological identification methods were reported less frequently (n = 102;
72.9 %) (Fig. 3). During surgical procedures for suspected FRI, three or
more tissue samples were collected intraoperatively in 122; 87.8 % of
cases, with bone fragments (n = 120; 85.7 %) and deep tissue specimens
(n = 118; 84.3 %) being the most frequently sampled. Sonication fluid
analysis was performed by only 49 respondents (35.0 %), and histo-
pathological analysis was rarely used (n = 56; 40.3 %).

Impact of collaboration with MDT

Trauma services routinely collaborating with MDT, containing both
orthopedic trauma and infectious disease specialists, demonstrated
improved implementation of both prophylactic and diagnostic strategies
for FRI management. These institutions reported significantly higher
adoption of the following practices: use of sonication fluid for diagnostic
purposes (46.6 % vs. 26.8 %; p = 0.02), weight-adjusted antibiotic
dosing (50.0 % vs. 24.4 %; p = 0.02), appropriate duration of prophy-
laxis according to fracture type (80.7 % vs. 59.3 %; p = 0.01), guidance
on local antibiotic therapy (37.9 % vs. 16.0 %; p = 0.003), infection risk
stratification in elderly fracture patients (45.6 % vs. 21.0 %; p < 0.001),
use of negative pressure wound therapy (87.9 % vs. 54.9 %; p < 0.001),
and regular collaboration with orthoplastic teams (44.8 % vs. 17.5 %; p
= 0.01) (Table 3).

Discussion

In agreement with previous experiences, the findings of this study
demonstrate that orthopedic trauma services working alongside with
MDTs improve the management of FRIs.'!'® Improvements were
observed in microbial diagnostic yield, adjustment of prophylactic
antimicrobial dosing based on patient weight, tailored antibiotic dura-
tion according to fracture severity, guidance on local antimicrobial
therapy, and infection risk stratification in elderly patients with frac-
tures. Worryingly, this study highlights the limited availability of MDTs
advising the FRI management in Brazil. The lack of a multidisciplinary
vision encompassing infectious diseases and microbiologists’ specialists
has been associated with poor clinical outcomes, including severe
complications such as amputations.® Conversely, Hanssen et al. reported
that adherence to multidisciplinary decision-making in MSI manage-
ment at a tertiary academic center was associated with improved out-
comes, whereas the lack of such collaboration correlated with reduced
treatment success.>’

In terms of preventive strategies, our findings revealed heterogeneity
in antibiotic prophylaxis practices for both closed and open fractures.
Although cephalosporins and aminoglycosides were the most prescribed
agents, other antimicrobials (vancomycin, clindamycin) were also pre-
scribed. However, the administration of these drugs frequently deviated
from international guidelines,®’ potentially contributing to the high
prevalence of antimicrobial resistance among Brazilians hospital set-
tings. Integrating an antimicrobial stewardship program within MDT -
comprising clinical microbiology and pharmacy professional — may
assist to address this issue, as previously demonstrated by Vidal et al.>
The duration of prophylactic antibiotic therapy also varied widely.
Shorter courses were significantly common for closed fractures in set-
tings counting with MDT. Among those hospitals lacking MDT support,
open fractures received extended prophylaxis, especially in more severe
cases. These findings diverge from international recommendations,
which advocate limited perioperative antibiotic use, usually not
exceeding 72 h, even in severe open fractures as reported in a systematic
review[32] and supported by Vanvelk et al., who found no benefit from
prolonged prophylaxis in preventing FRIs.>>

Only a minority of surveyed surgeons consistently adjusted the
antibiotic dosing based on patient’s body weight - a practice more
significantly commonly observed in institutions counting with MDT. The
positive influence of these teams on optimizing antimicrobial
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M Cephalosporinas
I Aminoglycosides
Glycopeptides
0/, 30/ RO, 154 - ycopep
Closed fractures PRZIEA 4 . B Other
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GI or GII open fractures [V PAZ)

GIII open fractures

Fig. 1. Type of perioperative antibiotic prophylaxis used in fracture management.

GIII open fractures §&23 138
GI or GII open fractures 137
Closed fractures 138
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m]1day m2days m3 daysormore
Fig. 2. Duration of perioperative antibiotic prophylaxis in fracture management.
Radiological changes
Microbiological identification
Increase in inflamatory markers
Purulent Secretion
Fistula
Fever and Inflamatory signs 120
= Number of responses
Fig. 3. Diagnostic parameters of FRIs.
prescriptions has been well documented, as illustrated by Bauer et al., events within MDTs.*”
who emphasized improvements in dosing adjustments based on renal Local antimicrobial therapy has increasingly been recognized for its
function and body weight.>* More recently, Royere et al. reinforced the potential to enhance antibiotic concentrations at the site of trauma and
essential role of pharmacy professionals in dosing optimization, drug reduce the risk of osteomyelitis.>® This approach was effective in a
interaction management, and minimizing antimicrobial-related adverse randomized clinical trial where local vancomycin powder significantly
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Table 3
Relationship between preventive and diagnostic approaches in fracture-related
infection management and multidisciplinary collaboration.

Without MDT With MDT
n (%) 95 % CI n (%) 95 % CI p-
[%] [%] value
Weight-based antibiotic
dosing for PAP
Always 20 [15.1- 29 [37.1- 0.02
(24.9) 33.7] (50.0) 62.9]
Frequently 17 [11.9- 7 [3.7-
(20.7) 29.5] (12.1) 20.5]
Occasionally 18 [13.0- 10 [7.5-
(22.0) 31.0] 17.2) 26.9]
Rarely 14 [9.0- 9 [6.2—
17.1) 25.2] (15.5) 24.8]
Never 13 [8.0- 3(5.2) [0.0-
(15.9) 23.8] 10.9]
Length of PAP in the
management of closed
fractures
1 day 48 [48.6— 46 [70.5- 0.01
(59.3) 70.0] (80.7) 90.9]
2 days or more 33 [30.0- 11 [9.1-
(40.7) 51.4] (19.3) 29.5]
Carrier-free local therapy
for open fracture
management
Always 2(2.5) [0.0- 0 (0.0) [0.0-
5.9] 1.71
Frequently 4 (4.9 [0.0- 3(.2) [0.0-
10.4] 11.9]
Occasionally 6(7.4) [1.7- 10 [7.5-
13.1] 17.2) 26.9]
Rarely 13 [8.0- 22 [25.4-
(16.0) 24.0] (37.9) 50.4]
Never 56 [59.0- 23 [27.1- 0.003
(69.1) 79.2] (39.7) 52.3]
Risk assessment for
guiding preemptive
therapy in elderly
fracture patients
Always / Frequently 17 [12.1- 26 [32.7- <0.001
(21.0) 29.9] (45.6) 58.5]
Occasionally 8(9.9) [3.4- 11 [9.1-
16.4] (19.3) 29.5]
Rarely / Never 56 [59.0- 20 [22.7-
(69.1) 79.2] (35.1) 47.5]
Collaboration with
orthoplastic team
Always 14 [9.2- 26 [32.0- 0.01
(17.5) 25.8] (44.8) 57.6]
Frequently 29 [25.8- 11 [8.9-
(36.3) 46.8] (19.0) 29.1]
Occasionally 15 [10.2- 11 [8.9-
(18.8) 27.4] (19.0) 29.1]
Rarely 11 [6.2- 6 [2.5-
(13.8) 21.4] (10.3) 18.1]
Never 11 [6.2- 4(6.9) [0.0-
(13.8) 21.4] 14.6]
NPWT for managing skin
and soft tissue injuries
Yes 45 [44.1- 51 [80.8- <0.001
(54.9) 65.7] (87.9) 95.0]
No 37 [34.3- 7 [5.0-
(45.1) 55.9] 12.1) 19.2]
Diagnosis of FRI using
sonication fluid
culture
Yes 22 [63.6- 27 [33.8- 0.02
(26.8) 82.8] (46.6) 59.4]
No 60 [17.2- 31 [40.6-
(73.2) 36.4] (53.4) 66.2]

FRI, Fracture-Related Infection; MDT, Multidisciplinary Team; PAP, Periopera-
tive Antibiotic Prophylaxis; NPWT, Negative Pressure Wound Therapy.
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decreased infection rates caused by gram-positive organisms in open
fractures.”” Nevertheless, its use remains limited, with only a minority of
surgeons reporting its application. Notably, adoption was more preva-
lent in settings with MDTs. Rupp et al. demonstrated that local antibiotic
therapy utilization increased following multidisciplinary in-
terventions.'? Among those who applied local therapy, PMMA was the
most frequently used carrier, consistent with previous studies showing
favorable outcomes with antibiotic-loaded cement beads in managing
severe open fractures.*®

Risk stratification for infection in elderly patients with inter-
trochanteric fractures to determine the duration of surgical prophylaxis
is practiced routinely by only a small proportion of surgeons, though
more frequently in multidisciplinary care settings. Elderly patients are
particularly susceptible to infection due to immunosenescence and
colonization by MDR pathogens, often a consequence of prior healthcare
exposure or residency in long-term care facilities. According to previous
publication, these patients likely require individualized antimicrobial
strategies.>® Multidisciplinary approaches in geriatric fracture care have
also been associated with reduced mortality and clinical deterioration,
as shown in a 2021 Cochrane systematic review. *’

Timely and appropriate management of the skin and soft tissue
envelop, ideally within 72 h, is essential for FRI prevention, especially in
high-energy injuries such as Gustilo-Anderson IIIB fractures.*! However,
our survey indicates that few trauma surgeons routinely collaborate
with orthoplastic surgeons, though this is more common in settings with
infectious disease specialists. Kotsougiani-Fischer et al. demonstrated
that MDT - including trauma, plastic, and vascular surgeons - achieved
high success rates in managing complex limb defects.'® Additionally,
many Brazilian trauma surgeons reported using negative pressure
wound therapy to optimize the wound bed prior to definitive closure,
particularly in services with MDT involvement. While this technique is
widely adopted, evidence supporting its role in FRI prevention remains
limited and inconclusive, warranting individualized clinical
application.*?

Regarding current diagnostic strategies towards FRIs, survey re-
sponses reflected a predominant reliance on clinical superficial sign and
symptoms of infection, blood tests, and radiographic imaging. However,
these aspects have lost power according to the current international
consensus criteria for FRI diagnosis.'®*®> Recommended microbiological
diagnostic methods, such as culture-based identification including
retrieved-implant sonication, were less frequently reported, whereas
histopathological examination was rarely utilized. Biddle et al. found
that implementing a multidisciplinary approach in managing peri-
prosthetic joint infections improved access to microbiological di-
agnostics, facilitating appropriate therapy.’ Our previous findings
support this, as trauma surgeons working within MDTs are more likely to
use sonication fluid to enhance diagnostic accuracy.*®

This study presents several limitations inherent to survey-based,
cross-sectional research. First, the relatively low response rate (24 %)
may affect the generalizability of our findings. While this level of
participation is consistent with similar international surveys targeting
orthopaedic trauma surgeons using comparable dissemination strate-
gies,'”*® a longer data-collection period, additional reminders, and
post-stratification weighting based on region or institution type could
have enhanced representativeness. Additionally, the potential for
non-response bias cannot be excluded, particularly given that most re-
spondents were from the Southeast region of Brazil, home to the coun-
try’s largest trauma centers and more structured healthcare systems,
which may have skewed results toward more favorable clinical prac-
tices. Despite these limitations, our sample included a balanced repre-
sentation from both public and private institutions, and our analytical
focus on the presence or absence of MDTs was grounded in growing
evidence that such collaboration improves management of complex
musculoskeletal infections.'? The study also did not include a formal
sample size calculation or power analysis, as it was exploratory in its
nature and aimed to describe national practices rather than test



LS. Oliveira et al.

predefined hypotheses. Although this approach is supported by meth-
odological guidance for clinician surveys,””> we acknowledge that
limited precision may constrain the interpretability of certain estimates.
While we used a Mini Delphi approach to design the questionnaire, this
method has intrinsic constraints, such as limited depth of expert inter-
action and potential for superficial consensus.“® Another limitation is
the absence of patient-level outcomes or infection rates, limiting the
ability to draw causal inferences for clinical efficacy of reported prac-
tices. Lastly, the study did not directly evaluate the economic impact of
MDT implementation or guideline-based care pathways.*” Any mention
of potential cost reductions is speculative and based on previously
published evidence suggesting that multidisciplinary strategies may
optimize resource use and reduce complication-related expenditures.*®

This national survey provides the first comprehensive insight into
current FRI-related practices among Brazilian trauma surgeons. The
findings indicate that consistent collaboration with well-experienced
MDTs results in more structured preventive and diagnostic ap-
proaches. These results highlight the importance of establishing stan-
dardized national protocols that integrate infectious disease specialists
and other key professionals into the care of musculoskeletal infections.
Future studies employing prospective designs, with larger sample sizes,
formal hypothesis testing, and economic evaluations, are warranted to
validate our findings and inform evidence-based policies aimed at
improving patient outcomes and reducing the burden of fracture-related
infections within the Brazilian healthcare system.
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