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Background: Post-traumatic related limb osteomyelitis (PTRLO) is a complex bone infection. Currently, there are no available
microbial data on a national scale that can guide appropriate antibiotic selection, and explore the dynamic changes in dominant
pathogens over time. This study aimed to conduct a comprehensive epidemiological analysis of PTRLO in China.
Methods: The study was approved by the Institutional Research Board (IRB), and 3526 PTRLO patients were identified from
212 394 traumatic limb fracture patients at 21 hospitals between 1 January 2008 and 31 December 2017. A retrospective analysis
was conducted to investigate the epidemiology of PTRLO, including changes in infection rate (IR), pathogens, infection risk factors
and antibiotic resistance and sensitivity.
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Results: The IR of PTRLO increased gradually from 0.93 to 2.16% (Z= 14.392, P<0.001). Monomicrobial infection (82.6%) was
significantly higher than polymicrobial infection (17.4%) (P< 0.001). The IR of Gram-positive (GP) andGram-negative (GN) pathogens
showed a significant increase from the lowest 0.41% to the highest 1.15% (GP) or 1.62% (GN), respectively. However, the
longitudinal trend of GP vs. GN’s composition did not show any significance (Z= ±1.1918, P>0.05). The most prevalent GP strains
were Methicillin-sensitive Staphylococcus aureus (MSSA) (17.03%), Methicillin-resistant Staphylococcus aureus (MRSA) (10.46%),
E. faecalis (5.19%) and S. epidermidis (4.87%). In contrast, the dominant strains GN strains were Pseudomonas Aeruginosa
(10.92%), E. cloacae (10.34%), E. coli (9.47%), Acinetobacter Baumannii (7.92%) andKlebsiella Pneumoniae (3.33%). In general, the
high-risk factors for polymicrobial infection include opened-fracture (odds ratio, 2.223), hypoproteinemia (odds ratio, 2.328), and
multiple fractures (odds ratio, 1.465). It is important to note that the antibiotics resistance and sensitivity analysis of the pathogens
may be influenced by complications or comorbidities.
Conclusions: This study provides the latest data of PTRLO in China and offers trustworthy guidelines for clinical practice. (China
Clinical Trials.gov number, ChiCTR1800017597).
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Introduction

Fracture-related infection (FRI) encompasses a range of infections,
including those involving both operative and non-operative treat-
ment of bone fractures [1,2]. It is known that post-traumatic related
limb osteomyelitis (PTRLO) constitutes a major proportion of
FRI, and it is a complex bone infection that can cause significant
morbidity, potentially leading to limb loss and imposing a heavy
economic burden[3,4]. Effective management of this condition
typically involves a prolonged course of therapy with intravenous
antibiotic agents and surgery[5], although oral antibiotic therapy
has also recently shown excellent efficacy on complex orthopaedic
infections during the first 6 weeks[6]. Accurate diagnosis of FRI is
crucial, and the decision to use antibiotics should be based on
factors such as microbial sensitivity and resistance, as well as the
patient’s comorbidities and complications[7,8].

Previous studies have reported single hospital-based data on
PTRLO in Southwest and Southern China, indicating that the
incidence of post-traumatic osteomyelitis was around
2–3%[4,9,10]. Staphylococcus aureus was found to be the most
common pathogen, and the lower extremity (specifically the tibia
and fibula) was the most frequent affected site of infection. These
findings differ from those reported in the USA, UK and Middle
East[11–14]. We have also noted that there is currently no micro-
bial data available to guide appropriate antibiotic selection on a
regional or national scale[9,10,15]. Furthermore, it is unclear
whether the dominant pathogens causing infection remain
consistent over time or change[3,16]. Recent studies, conducted in
Northeast and East China with limited numbers of multicenters,
have revealed the distribution of pathogenic bacteria on FRI.
However, neither of these studies could provide significant evi-
dence to reveal the relative risk factors among the infected
populations, nor the dynamic changes of major pathogens during
the past period[11,17] . To address these gaps, we conducted a
comprehensive 10-year retrospective multicenter study to exam-
ine dynamic changes in infection rates and identify risk factors for
monomicrobial and polymicrobial infection. Our study utilized
logistic regression to perform a univariate analysis of the data,
identifying the current dominant microbial species in infection
and mapping the antibiotic sensitivity and resistance of main
Gram-positive and Gram-negative bacterial strains.

Material and methods

Study design and data collection

Geographic coverage of all participating hospitals

In order to ensure comprehensive geographic coverage, we con-
ducted a multicenter study of PTRLO at 21 teaching hospitals
(Fig. 1 A). These hospitals were carefully selected based on their
reputation for providing the highest quality of healthcare in their
respective regions (for a detailed list of these hospitals, please refer
to the supplemental materials, Supplemental Digital Content 2,
http://links.lww.com/JS9/A578). The study was approved by the
Institutional Review Board (IRB), and all investigators provided
written commitments to scientific integrity to ensure the accuracy
of the data. The studywas registered online at the Chinese Clinical
Trials Registry in 2018 (ChiCTR1800017597). The work has
been reported in line with the STROCSS criteria[18], Supplemental
Digital Content 1, http://links.lww.com/JS9/A576.

Patient identification and data collection

This study focuses on patients who were admitted to hospitals for
the first time or referred to them between 1 January 2008, and 31
December 2017, with FRIs. Out of the 212 394 patients with
traumatic limb fractures investigated, only those who met strict
screening criteria were included in the analysis. The inclusion and

HIGHLIGHTS

• The lack of microbial data related to post-traumatic related
limb osteomyelitis (PTRLO) in China poses a significant
challenge in selecting appropriate antibiotics for the
population.

• We identified the prevalent microbial species responsible
for PTRLO and determined the antibiotic susceptibility
and resistance patterns of the predominant Gram-positive
and Gram-negative bacteria.

• Our study presents a clear picture of the epidemiology of
PTRLO in a patient cohort in China and provides valuable
insights for patient management and clinical decision-
making.
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exclusion criteria can be found in the Supporting Information
section. The study included patients of all age groups, and a total
of 3526 patients were enroled in the retrospective epidemiological
analysis to evaluate the changes in infection rates (IRs) and to
identify risk factors for monomicrobial infections (MIs) vs.
polymicrobial infections (PIs). The risk factors considered were

ethnicity, sex, injury factors, age, primary visit or referral from
other hospitals, injury type and complications or comorbidities.
The analysis distinguished between MI of Gram-positive bacteria
(MP), MI of Gram-negative bacteria (MN), PI of Gram-positive
bacteria (PP), PI of Gram-negative bacteria (PN), and PI of both
Gram-positive and Gram-negative bacteria (PP+ PN).

A B

C D E

F G

Figure 1. Geographic coverage of participants, dynamic changes of infection rate and related epidemiological data of post-traumatic related limb osteomyelitis
(PTRLO). The geographical coverage of all participating hospitals (A), the infection rates (B) and affected gender (C) and age (D) of all regions; the distributions of all
populations and pathogen (E) and affected limb sites (F) and the cause of injury (G).
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To investigate antibiotic resistance, we analyzed bacterial
cultivation and antibiotic susceptibility for 65 strains of Gram-
positive (GP) bacteria and 98 strains of Gram-negative (GN)
bacteria using the Clinical and Laboratory Standards Institute
(CLSI) M100-S18-S27, 2008–2017 guidelines (Supplemental
Table 1, Supplemental Digital Content 2, http://links.lww.com/
JS9/A578). The analysis considered the risk factors mentioned
above for MI vs. PI, MP vs. MN, PP vs. PN and PP + PN.

Statistical analysis

Statistical analyses were performed by using GraphPad Prism
(GraphPad Software, LLC. Version 8.4.2), and SAS (SAS Institute,
Version 9.4) software. The following tests were used: t-test for
primary epidemiological data comparison, by Cochran–Armitage
Trend Test for dynamic changes in infection rates, and Pearson’s
χ2 test or Fisher’s exact test for antibiotic-susceptibility data of
dominant pathogens with different complications or comorbid-
ities. Univariate risk factors associated with MI, PI, MP, MN, PP
and PN were evaluated using odds ratio. Variables with a p value
less than 0.1 in the univariate analysis, along with other relevant
variables, were included in multivariate logistic regression mod-
elling using the forward method for variable selection. A P value
less than 0.05 (P<0.05) was considered statistically significant.

Results

Geographic coverage of participants, dynamic changes in
infection rate and related epidemiological data of PTRLO

A total 3526 patients were screened from 212 394 post-traumatic
related limb fracture cross China. The patients included 1598
(45.32%) from the Southwest, 438 (12.42%) from the
Northwest, 375 (10.64%) from the Central Area, 306 (8.68%)
from the North, 319 (9.05%) from the South, 206 (5.84%) from
the East and 284 (8.54%) from the Northeast of China, respec-
tively (Fig. 1 A). The epidemiology data showed that the overall
IR of PTRLO in China gradually increased from 0.93 to 2.16%
over 10 years (Z= 14.392, P< 0.001), and the regional dynamic
changes also increased dramatically: Southwest from 1.57 to
3.93% (Z=8.155, P<0.001), Northwest from 0.28 to 1.97%
(Z= 3.046, P= 0.0023), Central from 0.08 to 1.96%
(Z= 8.2975, P<0.001), North from 0.32 to 3.92% (Z=2.9593,
P= 0.0031), South from 0.29 to 5.24% (Z= 8.2961, P< 0.0001)
and Northeast from 1.65 to 4.95% (Z= 9.0498, P<0.0001).
Only East China showed a somewhat stable infection ratio
between 1.72 and 0.49% (Z=1.3796, P=0.1677284) (Fig. 1 B).
The patients were 79.98% males and 20.02% females with an
average age of 42.2 years (95%CI, 26.2–58.2 years), and among
them, 92.54% were over 18 years old, 3.49% were 14–18 years
old and 3.97% were under 14 years old (Figs. 1 C, Dand
Supplemental Table 2, Supplemental Digital Content 2, http://
links.lww.com/JS9/A578). Out of the total number of patients
(3526), 82.6% were found to have suffered from open fractures.
Further analysis showed that 40.5% of these fractures were
caused by GP bacteria or GN bacteria, which was significantly
higher than the combined incidence rate of GP/GN (8.6%),
GN/GN (7.5%) or GP/GN (1.3%) causing fractures (17.4%)
(P< 0.001) (Fig. 1 E). Rates of open fractures (67.35%) were
significantly higher than closed fractures (22.04%) and ambig-
uous fractures (10.61%) (P<0.05). (Data is not shown). We

found that the main sites of injury were in the lower extremity
(89.97%) (tibia and fibula 55.74%; femur 22.77%; patella
1.95%; calcaneus 7.60%; astragalus 1.92%), which were sig-
nificantly more common than in the upper extremity (10.03%)
(radius and ulna 5.42%; humerus 4.17%) (P<0.01) (Fig. 1 F).
Interestingly, our findings suggest that the left lower extremity is
more susceptible to PTRLO than other anatomical sites
(P< 0.05) (Fig. 1 F). Further injury factor analysis indicates that
traffic accidents are the most dominant factor throughout each
region and the entire country (P< 0.001) (Fig. 1 G).

Longitudinal observation of dominant microbial strains

We conducted a longitudinal observation of dominant microbial
strains over a period of 10 years. To investigate dynamic changes
in microbial strains, we divided pathogens into GP and GN
groups and employed the Cochran–Armitage Trend Test for
statistical analysis. Our results showed that the total number of
bone infections significantly increased during the past 10 years
(P< 0.05) (Figs. 2 A, C, E). Interestingly, the IR of GP and GN
significantly increased from the lowest 0.41% to the highest
1.15%or 1.62%, respectively (Figs. 2 A, 2 B). However, the trend
of the composition of GP vs. GN did not significantly change
(Z= ± 1.1918, P> 0.05) (Fig. 2 B). Among GP infections
(44.46% of whole infection), the top four dominant strains
(37.55%) were MSSA (17.03%), MRSA (10.46%), E. faecalis
(5.19%) and S. epidermidis (4.87%) (Figs. 2 C, 2 D). The 10-year
dynamic change of S. epidermis infection rates decreased from the
highest 10.42% (2009) to 3.20% (2017) (Z= − 2.3356,
P< 0.05), but the infection rate of the other dominant GP strains
remained unchanged (P> 0.05). A similar trend was observed in
GN infection (55.54%). The top five dominant strains of GN
(41.98%) were Pseudomonas Aeruginosa (10.92%), E. cloacae
(10.34%), E. coli (9.47%), Acinetobacter Baumannii (ABA)
(7.92%) and Klebsiella Pneumoniae (KPN) (3.33%), and their
10-year trends in infection rate exhibited no change during this
period (P> 0.05) (Fig. 2 F).

PTRLO-related risk factors

To understand whether the risk factors of PTRLO including (1)
ethnicity, (2) sex, 3) injury factors, (4) age, (5) primary visiting or
referred from other hospitals, (6) injury type and (7) complications or
comorbidities had an influence on the type of infection and antibiotic
resistance, we performed the logistic regression of univariate and
multivariate analyses. We identified the relative risk factors for
patients with MI vs. PI (Tables 1, 2), MP vs. MN (Supplemental
Table 3, Supplemental Digital Content 2, http://links.lww.com/JS9/
A578 and Supplemental Table 4, Supplemental Digital Content 2,
http://links.lww.com/JS9/A578), PP vs. PN (Supplemental Table 5,
Supplemental Digital Content 2, http://links.lww.com/JS9/A578 and
Supplemental Table 6, Supplemental Digital Content 2, http://links.
lww.com/JS9/A578), PP vs. PP+PN (Supplemental Table 7,
Supplemental Digital Content 2, http://links.lww.com/JS9/A578 and
Supplemental Table 8, Supplemental Digital Content 2, http://links.
lww.com/JS9/A578) and PN vs. PP+PN (Supplemental Table 9,
Supplemental Digital Content 2, http://links.lww.com/JS9/A578 and
Supplemental Table 10, Supplemental Digital Content 2, http://links.
lww.com/JS9/A578).

Our univariate and multivariate logistic regression analyses
indicated that (1) the risk factors of PI (vs. MI) are the Hui ethnicity
(odds ratio, 2.865; 95% CI, 1.677–4.894; P<0.001), patients
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transferred from other hospitals post-operation (odds ratio, 1.72;
95% CI, 1.301–2.275; P<0.001), open fracture (odds ratio, 2.675;
95% CI, 2.072–3.452; P<0.0001), anaemia (odds ratio, 1.768;
95% CI, 1.302–2.402; P<0.001), hypoproteinemia (odds ratio,
2.452; 95% CI, 1.813–3.315; P<0.0001), multiple fractures (odds
ratio, 1.589; 95% CI, 1.296–1.948; P<0.0001), shock (odds ratio,
1.465; 95% CI, 1.045–2.055; P<0.05) and vascular injury (odds
ratio, 1.36; 95% CI, 1.038–1.783; P<0.05) (Tables 1, 2). (2) In
regard to MP vs. MN, several risk factors were identified. For MP,
the Hui ethnicity (odds ratio, 0.453; 95% CI, 0.225–0.913;
P<0.05), fall injury (odds ratio, 0.676; 95% CI, 0.536–0.582;
P<0.001), transferred postoperative (odds ratio, 0.654; 95% CI,
0.52–0.823; P<0.001) and return to follow-up postoperative (odds
ratio, 0.683; 95% CI, 0.511–0.913; P<0.05) were found to be
significant risk factors. For MN, the significant risk factors were

female (odds ratio, 0.683; 95%CI, 0.511–0.913; P<0.05), opened-
fracture (odds ratio, 2.04, 95% CI,1.709–2.434; P<0.0001),
anaemia (odds ratio, 1.415; 95% CI, 1.034–1.936; P<0.05),
multiple fractures (odds ratio, 1.787; 95% CI, 1.472–2.171;
P<0.0001), nerve injury (odds ratio, 1.535; 95% CI, 1.131–2.084;
P<0.05), shock (odds ratio, 2.838; 95% CI, 1.971–4.082;
P<0.0001), skin broken (odds ratio, 2.094; 95% CI, 1.521–2.881;
P<0.0001) and vascular injury (odds ratio, 1.702; 95% CI,
1.317–2.199; P<0.0001) (Supplemental Table 3, Supplemental
Digital Content 2, http://links.lww.com/JS9/A578 and Supplemental
Table 4, Supplemental Digital Content 2, http://links.lww.com/JS9/
A578).

(3) Interestedly, no significantly differences were observed
between PP vs. PN for all the aforementioned risk factors (refer to
Supplemental Table 5, Supplemental Digital Content 2, http://links.

A B

C

E

D

F

Figure 2. The total number of cases and infection rates of pathogens and the top dominant strains have been tracked over the past decade. The total number of
pathogen (Gram postive and negative bacteria) (A), and infection rate (IR, in dotted lines) or composition ration (CR, in solid lines) (B) of over the past ten years. The
dynamic changes of top four Gram-positive strains (MSSA, MRSA, E. faecalls, S. epidermidis) and others in number (C) and persentage (D). The dynamic changes
of top five Gram-negative strains (PAE, E.cloacae, E. coil, ABA, KPN) and others in number (E) and persentage (F).

Ren et al. International Journal of Surgery (2023)

2725

http://links.lww.com/JS9/A578
http://links.lww.com/JS9/A578
http://links.lww.com/JS9/A578
http://links.lww.com/JS9/A578


Table 1
Univariate analysis of logistic regression was conducted to identify relative risk factors for patients with monomicrobial infection
(MI) or polymicrobial infection (PI).
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lww.com/JS9/A578 and Supplemental Table 6, Supplemental Digital
Content 2, http://links.lww.com/JS9/A578), as well as PP vs. PP+PN
(refer to Supplemental Table 7, Supplemental Digital Content 2,
http://links.lww.com/JS9/A578 and Supplemental Table 8,
Supplemental Digital Content 2, http://links.lww.com/JS9/A578).
However, multiple fractures (odds ratio, 0.528; 95% CI,
0.351–0.796; P<0.005) and nerve injury (odds ratio, 0.529; 95%
CI, 0.28–0.997; P<0.05) were found to contribute to PN when
compared with PP+PN (refer to Supplemental Table 9,
Supplemental Digital Content 2, http://links.lww.com/JS9/A578 and
Supplemental Table 10, Supplemental Digital Content 2, http://links.
lww.com/JS9/A578).

Analysis of antibiotic resistance and sensitivity against the
top 20 antibiotics for the dominant GP or GN pathogens
under influences of complications or comorbidities

Our study was based on the annual renewal of CLSI, M100-
S18-S27 between 2008 and 2017. We focused on the top four

dominant GP strains: MSSA, MRSA, E. faecalis and S. epi-
dermidis, which account for 84.45% of GP, while the
remaining GP bacteria (15.55% of GP) were grouped together.
We included a total of twenty available antibiotics and ana-
lyzed their effectiveness under the influence of anaemia, dia-
betes, hypertension, hypoproteinemia, multiple fractures,
nerve injury, shock, broken skin and vascular injury. Our
findings show that all GP pathogens were sensitive to
Vancomycin, Tigecycline, Tetracycline, Teicoplanin and
Linezolid. Additionally, we found that (1) MSSA is sensitive to
Amoxicillin, Ciprofloxacin, Dalfopristin, Gentamicin,
Levofloxacin, Moxifloxacin, Piperacillin, Rifampicin, SMZCo,
Teicoplanin, but has primary resistance to Ampicillin,
Penicillin and Azithromycin. (2) MRSA is sensitive to
Dalfopristin, SMZCo, but is resistant to Amoxicillin,
Ampicillin, Azithromycin, Erycin, Lincomycin and Penicillin.
(3) Enterococcus faecalis is sensitive to Amoxicillin and
mostly resistant to Azithromycin, Cefoxitin, Clindamycin,
Lincomycin, Oxacillin, SMZCo. (4) S. epidermidis is sensitive

Table 2
Multivariate analysis of logistic regressionwas conducted to identify the relative risk factors for patientswithmonomicrobial infection (MI)
or polymicrobial infection (PI).
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to Dalfopristin and Gentamicin but mostly resistant to
Ampicillin, Erycin, and Penicillin. (5) All other GP bacteria are
susceptible to Dalfopristin, but mainly resistant to Oxacillin
and Penicillin (Fig. 3). We further performed the statistical
analysis and the statistically significant threshold was set at P
less than 0.05 (Supplemental Fig. 1, Supplemental Digital
Content 2, http://links.lww.com/JS9/A578).

In this study, we observed that all PN cultures exhibited sen-
sitivity to Amikacin and displayed resistance to Ampicillin and
most SMZCo. Additionally, further analysis revealed specific

antibiotic sensitivities and resistances for different GN
as follows: (1) Pseudomonas Aeruginosa displayed sens-
itivity to Ciprofloxacin, Gentamicin, Levofloxacin, Piperacillin/-
Tazobactam and Tobramycin, but was resistant to Ampicillin/-
Sulbactam, Cefazolin, Cefotaxime, Cefotetan, Ceftriaxone and
Cefuroxime. (2) Enterobacter Cloacae was found to be
sensitive to Cefotetan, Ertapenem, and Piperacillin/
Tazobactam, while mainly displaying resistance to Amoxicillin,
Ampicillin/Sulbactam, Cefazolin, Cefotetan and Cefuroxime. (3)
E. coli demonstrated sensitivity to Cefepime, Cefoperazone/
Sulbactam, Ciprofloxacin, Ertapenem, Levofloxacin and
Piperacillin/Tazobactam, but resistance to Cefazolin, Cefotaxime
and Cefuroxime. (4) Acinetobacter Baumannii was sensitive to
Ertapenem but appeared to be resistant to all other tested anti-
biotics. (5) Klebsiella pneumoniae was susceptible to Cefotetan
and Ertapenem, but largely resistant to Cefazolin and
Cefotaxime. (6) Most other minority negative bacteria were
found to be sensitive to Cefepime, Cefoperazone/ Sulbactam,
Ertapenem and Piperacillin/Tazobactam, but were resistant to
Cefazolin and Cefuroxime (Fig. 4). The statistical analysis results
of GN infection can be found in Supplemental Figure 2,
Supplemental Digital Content 2, http://links.lww.com/JS9/A578.

Discussion

The findings of this study show that PTRLO in 21 teaching hospitals
is mainly focused on middle-aged males who suffer from open
fractures on the left lower extremity, caused by traffic accidents.
Previous publications have identified several risk factors that con-
tribute to delayed wound closure, fracture non-union, or bone
infection, such as segmental bone loss, increasing BMI and age[19–21].
The most recent review of fracture-related infection also confirms
that fractures in the lower extremities have a higher risk of infection
than upper extremity injuries[1]. During the 10-year study period, we
observed an overall increase in the incidence rate of PTRLO, with a
significant increase in the incidence rate of GP and GN pathogens.
Our research also identified four dominant strains of GP and five
dominant strains of GN that require special attention[22], Among
these dominant strains, S. aureus (including MSSA and MRSA) is
highly toxic and capable of biofilm formation, potentially causing a
higher rate of recurrence even after decades of dormancy[23]. Despite
our selection of highly sensitive and resistant antibiotics for these
pathogens, their limited pharmacokinetics may prevent them from
killing the pathogens within staphylococcal abscess communities and
the osteocyte lacuno-canalicular network. Therefore, we recommend
exploring the use of conjugated antibiotics as a possible
solution[24,25].

The incidence rate of PTRLO in China has gradually increased
from0.93 to 2.16%between 2008 and 2017. The previous report on
single-centre PTRLO cases also fell within this range and was con-
sistent with other reports[26]. Analysis of patient characteristics led us
to speculate that open fractures and patients transferred from other
hospitals without surgery may be mainly responsible for the
increasing IR, in line with previous studies that open fractures are
inevitably contaminated and can compromise immune system
function[1,27]. We recommend improving surgical debridement, irri-
gation and soft tissue management for open fractures in community
hospitals and basic medical units, particularly early intervention for
infection prevention[28]. Scholars have suggested that repeated

Figure 3. The statistical results of analyses comparing antibiotic resistance and
sensitivity in Gram-positive bacteria across 20 commonly available antibiotics
were evaluated in the presence of complications or comorbidities. The statis-
tical results of those top bacteria are shown in A) MSSA; B) MRSA; C) E. fae-
calis; D) S.epidermidis; E) Other positive bacteria, respectively. NA means no
data applied.

Ren et al. International Journal of Surgery (2023) International Journal of Surgery

2728

http://links.lww.com/JS9/A578
http://links.lww.com/JS9/A578


debridement 24–48 h later may be an effective measure to reduce the
infection rate[29].

While the infection rate of GP and GN pathogens increased sig-
nificantly over the past decade, the proportion and infection rate of

each top pathogen remained relatively stable, except for S. epi-
dermidis. S. aureus remains the most dominant pathogen, which is
consistent with our previous publications[9,30], despite research in
Europe indicating a decline in the prevalence of MRSA over the past
10 years[31,32]. Moreover, it is crucial to note that the most common
bacterial genus for PTRLO is GN, emphasizing the need for pre-
vention measures.

This study utilized logistic regression to identify various risk fac-
tors for different target populations. Some previous studies have
investigated risk factors for specific targets, such as older age,
working in agriculture, open fracture Gustilo type III, and need for
blood transfusion being risk factors for polymicrobial post-traumatic
osteomyelitis[33]. Notably, Gustilo type III A–C leads to 30% higher
infection rate of FRI as vascular damage leads to reduced systemic
antibiotic perfusion[26]. However, the current study expands the
scope of risk factors and target populations. The hope is that this
study’s results will provide valuable insights for predicting the type of
PTRLO in a timelymanner, particularly during the early stages of the
disease or for patients without access to antibiotic-susceptibility test
results or with low-grade infections[34].

However, one major limitation of this retrospective study is our
inability to accurately collect more detailed information regarding
patients’ living habits, geographical environment, medical history
and health conditions to explore potential risk factors. Another sig-
nificant limitation is the inability to establish whether the identified
risk factors are indeed pathophysiological factors for different
infection types or underlying biological mechanisms involved.
Additionally, we did not investigate the dynamics of drug
resistance/sensitivity rates of the main pathogens during the study
period or compare the pathogenic strain’s drug resistance/sensitivity
rates between the seven geographical regions in China. We intend to
address these questions in future research.

In this study, we aimed to analyze the impact of complications or
comorbidities on the antimicrobial resistance and sensitivity of domi-
nant pathogens in PTRLO. We identified several antibacterial agents
that showed resistance or susceptibility toward the pathogens and
observed a significant difference in their resistance and sensitivity in
patients with and without complications or comorbidities. Previous
studies have reported that certain comorbidities, such as diabetes,
systemic vascular disease and smoking, can increase the risk of bone
infection[35,36]. However, our study is unique in that it highlights the
impact of complications or comorbidities on the susceptibility and
resistance of pathogens to antibiotics. This finding can be used to
develop personalized drug selection strategies for dominant strains in
patients with or without complications or comorbidities. This
approach can help to prevent the emergence of multi-drug resistant
bacteria.

In summary, this study presents the most recent epidemiological
findings on PTRLO among patient populations in China, and the
results can serve as a reliable reference for healthcare professionals
in patient care and clinical practice. Despite some limitations, future
research will focus on identifying the changing trends in antibiotic
sensitivity and resistance to pathogens, as well as performing a
comparative analysis between the seven regions in the past decade.
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Figure 4. The statistical results of analyses comparing antibiotic resistance and
sensitivity in Gram-negative bacteria across 20 commonly available antibiotics
were evaluated in the presence of complications or comorbidities. The statis-
tical results of the top bacteria are shown as follows: (A) Pseudomonas aeru-
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baumannii; (E) Klebsiella pneumoniae; (F) Other Gram-negative bacteria. "NA"
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