E-ISSN 2250-0944
ISSN 2250-1150
doi: 10.31838/ijprt/16.02.835

Research Article

Incidence and Risk Factors of Fracture-Related
Infection Following Internal Fixation of Long Bone

Fractures

Dr. Dhruva Kirthi Swaroop C H', Channabasava Patil2, Abdul Qadeer Patwegar?, Lohith M*
1Junior Resident, Department of Orthopaedics, The Oxford Medical College Hospital & Research Centre,
Bengaluru, Karnataka, India.

2Professor and Head of Department, Department of Orthopaedics, The Oxford Medical College Hospital
& Research Centre, Bengaluru, Karnataka, India.

3Associate Professor, Department of Orthopaedics, The Oxford Medical College Hospital & Research
Centre, Bengaluru, Karnataka, India.

4Assistant Professor, Department of Orthopaedics, The Oxford Medical College Hospital & Research
Centre, Bengaluru, Karnataka, India.

Corresponding Author: Dr. Dhruva Kirthi Swaroop C H

Junior Resident Department of Orthopaedics the Oxford Medical College Hospital & Research Centre
Bengaluru, Karnataka, India.

Received: 20.09.2026, Revised: 02.10.2026, Accepted: 28.10.2026

ABSTRACT

Background: Fracture-related infection (FRI) is a significant complication following internal fixation
of long bone fractures, contributing to delayed healing and implant failure. This study aimed to
determine the incidence and associated risk factors of FRI.

Materials and Methods: This prospective observational study included 150 patients undergoing
internal fixation of long bone fractures. Patients were categorized into FRI and Non-FRI groups.
Demographic, clinical, fracture-related, and operative factors were evaluated. Statistical
significance was considered at p<0.05.

Results: FRI developed in 18 patients (12.0%), while 132 (88.0%) remained infection-free. Infection
was significantly higher in open fractures than closed fractures (28.9% versus 6.3%; p<0.001), diabetic
than nondiabetic patients (30.0% versus 7.5%; p=0.002), and smokers than nonsmokers (20.8% versus
7.8%; p=0.022). Mean operative duration was significantly longer in the FRI group (132.4 + 28.6 versus
108.7 = 25.3 minutes; p=0.003). Staphylococcus aureus was the predominant organism (44.4%).
Delayed union occurred in 33.3%, nonunion in 16.7%, and additional surgical intervention was required
in 38.9% of infected patients.

Conclusion: Open fractures, diabetes mellitus, smoking, and prolonged operative duration were
associated with increased FRI occurrence. Early risk identification and appropriate perioperative
management may reduce postoperative complications.

Keywords: Fracture-Related Infection, Long Bone Fractures, Internal Fixation, Risk Factors, Surgical
Site Infection.

INTRODUCTION internal fixation [1,2].The incidence of infection

Long bone fractures are among the most
common musculoskeletal injuries encountered
in orthopaedic practice and represent a
significant cause of morbidity, functional
disability, and socioeconomic burden[1].
Internal fixation using plates, screws, and
intramedullary nails is widely employed for
managing displaced and unstable fractures,
providing mechanical stability, facilitating
fracture healing, and allowing early
mobilization[2]. Despite advances in surgical
techniques, implant technology, perioperative
antibiotic prophylaxis, and infection prevention
measures, fracture-related infection (FRI)
remains a serious complication following

following fracture fixation varies considerably
depending on fracture characteristics,
anatomical location, injury severity, and
patient-related factors. Previous studies have
reported postoperative infection rates ranging
from approximately 0.4% to 16.1%, with
substantially higher rates observed following
open fractures than closed fractures [3,4]. FRI
may result in delayed union, nonunion, chronic
osteomyelitis, implant failure, and permanent
functional impairment. Management frequently
requires repeated surgical debridement,
prolonged antimicrobial therapy, implant
revision or removal, and extended
hospitalization.  Severe  infections  may
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necessitate  limb  amputation, imposing
considerable physical, psychological, and
financial burdens on patients and healthcare
systems [5,6].The development of FRI is
multifactorial and involves interactions between
patient characteristics, fracture-related factors,
microbial  contamination, and  surgical
management. Patient-related factors such as
diabetes mellitus, smoking, obesity,
malnutrition, and associated systemic illnesses
may impair wound healing and increase
susceptibility to infection. Injury-related
factors, including open fractures, high-energy
trauma, extensive soft tissue damage, and
wound contamination, further contribute to
infection risk [7,8]. Surgical factors such as
prolonged operative duration, extensive tissue
dissection, delayed definitive fixation, and
inadequate management of contaminated
wounds may also influence postoperative
infection rates. Previous studies have identified
several of these variables as important
predictors of infection, emphasizing the need
for  comprehensive perioperative risk
assessment and targeted preventive measures
[9,10].The diagnosis of FRI remains challenging
because clinical manifestations may range from
obvious wound discharge, sinus formation, and
implant exposure to nonspecific symptoms such
as persistent pain, swelling, and delayed
fracture healing. Traditional definitions of
surgical site infection (SSI) and prosthetic joint
infection (PJI) do not fully address the distinct
characteristics of infection associated with
fracture fixation. Consequently, an international
expert group established consensus diagnostic
criteria for FRI incorporating confirmatory and
suggestive  clinical, microbiological, and
histopathological findings [11,12].
Standardized diagnostic criteria are essential
for accurate estimation of infection incidence
and comparison of findings  across
studies.Although several investigations have
evaluated postoperative infections following
orthopaedic procedures, many have focused on
specific fracture sites, selected patient
populations, or individual fixation techniques.
Variations in diagnostic definitions, fracture
patterns, surgical practices, and follow-up
duration have contributed to inconsistencies in
reported infection rates and associated risk
factors [10]. Further evaluation across different
long bone fractures is therefore necessary to
identify potentially modifiable determinants and
improve infection prevention
strategies.Therefore, the present study was
undertaken to determine the incidence of

fracture-related infection following internal
fixation of long bone fractures and to identify
the associated patient-related, injury-related,
and treatment-related risk factors.

MATERIALS AND METHODS

The present study was designed as a hospital-
based prospective observational study to
determine the incidence of fracture-related
infection (FRI) following internal fixation of long
bone fractures and identify associated risk
factors.The study was conducted in the
Department of Orthopaedics at a tertiary care
teaching hospital over a defined study period.
Eligible patients were enrolled and followed
postoperatively to assess the development of
FRI.A total of 150 adult patients undergoing
internal fixation of long bone fractures involving
the humerus, radius, ulna, femur, or tibia were
included. Patients were recruited using
consecutive sampling according to predefined
eligibility criteria.

Inclusion Criteria

1. Patients aged 18 years and above.

2. Patients with open or closed long bone
fractures.

3. Patients undergoing internal fixation using
plates, screws, or intramedullary nails.

4. Patients providing written informed consent
and willing to undergo postoperative follow-
up.

Exclusion Criteria

1. Patients with pathological fractures due to
malignancy or metabolic bone disorders.

2. Patients with pre-existing osteomyelitis or
infection at the fracture site.

3. Patients undergoing revision surgery for
previously infected fractures.

4. Patients managed exclusively with external
fixation or conservative treatment.

5. Patients with incomplete records or
inadequate postoperative follow-up.

Group Classification

Based on the occurrence of FRI during

postoperative  follow-up, patients were

categorized into two groups:

e Group A (FRI Group): Patients who
developed  confirmed  fracture-related
infection following internal fixation.

e Group B (Non-FRI Group): Patients who did
not develop fracture-related infection during
follow-up.

Data Collection and
Assessment

Demographic characteristics, including age,
sex, body mass index (BMI), smoking status,

Preoperative
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diabetes mellitus, and associated comorbidities,
were recorded using a structured case record
form. Clinical examination and radiographic
evaluation were performed to assess fracture
location, configuration, soft tissue condition,
and neurovascular status. Fractures were
classified as open or closed, with open fractures
graded according to the Gustilo-Anderson
classification. Routine preoperative
investigations were performed as clinically
indicated.

Surgical Management

All patients underwent internal fixation under
appropriate anaesthesia and standard aseptic
precautions. Fixation techniques included plate
osteosynthesis or intramedullary nailing,
depending on fracture characteristics and
surgeon preference. Perioperative antibiotics
were administered according to institutional
protocols. Open  fractures  underwent
appropriate irrigation, debridement, and soft
tissue management. The type of fixation,
interval between injury and surgery, operative
duration, and intraoperative complications were
documented.

Postoperative Care and Follow-up

Patients received routine postoperative care,
including wound assessment, analgesia,
antibiotics as indicated, and rehabilitation.
During hospitalization and scheduled follow-up
visits, surgical wounds were examined for
redness, swelling, tenderness, discharge, and
wound dehiscence. Clinical and radiographic
assessments were performed to evaluate
fracture healing, implant stability, and infection-
related complications.

Diagnosis of Fracture-Related Infection

FRI was diagnosed according to international
consensus criteria. Confirmatory findings
included a sinus or wound breakdown
communicating with the fracture or implant,
purulent drainage, isolation of phenotypically
indistinguishable microorganisms from at least
two separate deep tissue or implant specimens,
or microorganisms identified in deep tissue by
histopathological examination.  Suggestive
findings included persistent pain, swelling,
redness, fever, wound drainage, elevated
inflammatory markers, and radiological
abnormalities. Suspected cases underwent
further evaluation, and infection was confirmed
when at least one confirmatory criterion was
fulfilled.

Assessment of Risk Factors

Potential risk factors were evaluated under
three categories: patient-related factors (age,
sex, BMI, diabetes, smoking, and
comorbidities), injury-related factors (fracture
location, mechanism of injury, open or closed
fracture, and soft tissue injury), and treatment-
related factors (fixation method, injury-to-
surgery interval, operative duration, and
perioperative management). These variables
were compared between the FRI and Non-FRI
groups.

Outcome Measures

The primary outcome was the incidence of
confirmed FRI following internal fixation of long
bone fractures. Secondary outcomes included
identification of associated risk factors, time to
infection diagnosis, microbiological findings,
and infection-related complications, including
delayed union, nonunion, implant failure, and
additional surgical interventions.

Statistical Analysis

Data were entered into Microsoft Excel and
analysed using IBM SPSS Statistics software.26
Continuous variables were expressed as mean
+ standard deviation or median with
interquartile range, while categorical variables
were presented as frequencies and
percentages. The incidence of FRI was
calculated as the proportion of patients
developing infection among the total 150
patients. Categorical variables were compared
using the Chi-square test or Fisher's exact test,
while continuous variables were analysed using
the independent-samples t-test or Mann-
Whitney U test, as appropriate. Univariable
analysis was performed to assess potential risk
factors, and multivariable logistic regression
was considered when sufficient infection events
were available. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

A total of 150 patients who underwent internal
fixation for long bone fractures were included in
the study. Of these, 18 patients (12.0%)
developed fracture-related infection (FRI),
whereas 132 patients (88.0%) did not develop
infection. The overall incidence of FRI was
12.0% (Table 1).The mean age of patients with
FRI was higher than that of patients without FRI
(44.7 £ 12.8 vs. 39.1 + 13.5 years), although
the difference was not statistically significant
(p=0.097). The incidence of FRI was higher
among males than females (13.9% vs. 7.1%);
however, the association was not statistically
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significant (p=0.254). An increasing trend in
FRI incidence was observed with advancing
age, ranging from 6.8% in patients aged 18-30
years to 18.2% in those aged above 50 years,
although this association was not statistically
significant (p=0.447) (Table 2).The highest
incidence of FRI was observed in tibial fractures
(18.5%), followed by femoral fractures (9.5%),
humeral and ulnar fractures (8.3% each), and
radial fractures (5.6%). However, the
association between fracture site and FRI was
not statistically significant (p=0.465). Open
fractures demonstrated a significantly higher
incidence of FRI compared with closed fractures
(28.9% vs. 6.3%; p<0.001) (Table 3, Figure
1).Diabetes  mellitus  was  significantly
associated with FRI, with an infection incidence
of 30.0% among diabetic patients compared
with  7.5% among nondiabetic patients
(p=0.002). Similarly, smokers had a
significantly higher incidence of FRI than
nonsmokers (20.8% vs. 7.8%,; p=0.022) (Table
4, Figure 2).The incidence of FRI was slightly
higher among patients undergoing plate and
screw fixation compared with those undergoing
intramedullary nailing (13.3% vs. 10.0%);
however, this difference was not statistically
significant (p=0.538). The mean operative

duration was significantly longer in patients
who developed FRI compared with those
without infection (132.4 + 28.6 vs. 108.7 +
25.3 minutes; p=0.003) (Table 5).Among the
18 patients who developed FRI, 11 (61.1%)
were diagnosed within 30 days, while 7
(38.9%) were diagnosed after 30 days.
Staphylococcus aureus was the most commonly
isolated microorganism (44.4%), followed by
Pseudomonas aeruginosa (22.2%) and
Escherichia coli (16.7%). Other microorganisms
accounted for 5.6% of cases, while 11.1% were
culture-negative. Delayed union was observed
in 33.3% of patients, nonunion in 16.7%, and
implant failure in 11.1%, whereas 38.9%
required additional surgical intervention (Table
6).Univariable logistic regression analysis
demonstrated that open fractures were
significantly associated with increased odds of
FRI (OR=6.11; 95% CI: 2.16-17.27; p<0.001).
Diabetes mellitus was also significantly
associated with FRI (OR=5.29; 95% CI: 1.90-
14.76; p=0.001), followed by smoking
(OR=3.09; 95% CI: 1.14-8.38; p=0.027).
However, plate fixation did not demonstrate a
statistically significant association with FRI
(OR=1.38; 95% CI: 0.49-3.86; p=0.540)
(Table 7, Figure 3).

Table 1. Incidence of Fracture-Related Infection Following Internal Fixation of Long Bone Fractures

Infection status Number Percentage (%)
FRI 18 12.0
Non-FRI 132 88.0
Total 150 100.0

Table 2. Association of Demographic Characteristics with Fracture-Related Infection

Parameters FRI (n=18) | Non-FRI (h=132) | p-value Statistical test
Mean age (years) 44.7 £ 12.8 39.1 + 13.5 0.097 Welch's t-test
Sex
Male 15 (13.9%) 93 (86.1%) 0.254 Pearson Chi-square test
Female 3(7.1%) 39 (92.9%)
Age group (years)
18-30 3 (6.8%) 41 (93.2%)
31-40 4 (10.3%) 35 (89.7%) 0.447 Pearson Chi-square test
41-50 5 (14.7%) 29 (85.3%)
>50 6 (18.2%) 27 (81.8%)

Table 3. Association of Fracture Characteristics with Fracture-Related Infection

Parameters FRI (n=18) Non-FRI (n=132) p-value Statistical test
Fracture site
Humerus 2 (8.3%) 22 (91.7%)

Radi 1 (5.6% 17 (94.4% .

Sﬁ};s 1 Eggo/zg 11 81.70/3 0.465 Pearson Chi-square test

Femur 4 (9.5%) 38 (90.5%)

Tibia 10 (18.5%) 44 (81.5%)
Fracture type <0.001 Fisher's exact test
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Open fracture

11 (28.9%) 27 (71.1%)

Closed fracture 7 (6.3%) 105 (93.8%)
Association of Fracture Characteristics with
Fracture-Related Infection
06 94.40% 91.70% % 93.80%
100.00% 91.70% 91.70% 90.50% 81.50%
80.00% 71.10%
60.00%
o 28.9
40.00% 185
20.00% 8.3 56 8.3 9.5 6.3
0.00%
<2 o O ? S @ 2 e 2
@& @Q}o Qg’&o o QQ’@O <® e’dQ fzf}& ’bé’&
(’,& \2\\) &\ Qs\k 65\\
<« <<<°<' S &
() (}0
B FRI (%) ™ Non-FRI (%)

Figure 1. Association of Fracture Characteristics with Fracture-Related Infection

Table 4. Association of Patient-Related Risk Factors with Fracture-Related Infection

Risk factors FRI (n=18) | Non-FRI (n=132) | p-value Statistical test
Diabetes mellitus
Present 9 (30.0%) 21 (70.0%) 0.002 Fisher's exact test
Absent 9 (7.5%) 111 (92.5%)
Smoking status
Smoker 10 (20.8%) 38 (79.2%) 0.022 Pearson Chi-square test
Nonsmoker 8 (7.8%) 94 (92.2%)
Patient-Related Risk Factors with Fracture-
Related Infection
100.00% 92.50% 92.20%
79.20%
80.00% 70.00%
60.00%
0 30.0
40.00% 203
20.00% 7.50 7.80
0.00%
Diabetes  Present Absent Smoking  Smoker Nonsmoker
mellitus status
B FRI (%) ™ Non-FRI (%)

Figure 2. Association of Patient-Related Risk Factors with Fracture-Related Infection

Table 5. Association of Operative Characteristics with Fracture-Related Infection

FRI Non-FRI p- .
Parameters (n=18) (n=132) value Statistical test
Type of fixation 0.538 Pearson Chi-square
Plate and screw fixation 12 (13.3%) 78 (86.7%) ) test
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Intramedullary nailing 6 (10.0%) 54 (90.0%)
Operative duration
(minutes)
Mean + SD 13228..46i 108.7 £ 25.3 0.003 Welch's t-test
Table 6. Clinical Characteristics, Microbiological Profile, and Complications Among Patients with FRI
(n=18)
Parameters Number Percentage (%)
Time to infection diagnosis
Within 30 days 11 61.1
After 30 days 7 38.9
Microorganisms isolated
Staphylococcus aureus 8 44.4
Pseudomonas aeruginosa 4 22.2
Escherichia coli 3 16.7
Other microorganisms 1 5.6
Culture-negative 2 11.1
Infection-related complications
Delayed union 6 33.3
Nonunion 3 16.7
Implant failure 2 11.1
Additional surgical intervention 7 38.9

Table 7. Univariable Association of Potential Risk Factors with Fracture-Related Infection

1 [») 1 -
Risk factors Odds ratio 95 /'3 confidence P Statistical test
(OR) interval value

Open fracture 6.11 2.16-17.27 <0.001
Diabetes 5.29 1.90-14.76 0.001 Univariable logistic
mellitus regression
Smoking 3.09 1.14-8.38 0.027 9

Plate fixation 1.38 0.49-3.86 0.540

Univariable Risk Factors for Fracture-Related Infection

OR (95% CI) and p-value

Open fracture -

6.11 (2.16-17.27) p=<0.001

Diabetes mellitus -

5.29 (1.90-14,76) p=0.001

Smoking -

Plate fixation -

3.09 (1.14-8.38) p=0.027

1.38 (0.49-3.86) p=0.540

.
0.5 1 2

5

Odds ratio (logarithmic scale)

10 20

Figure 3. Univariable Association of Potential Risk Factors with Fracture-Related Infection

DISCUSSION

The present study evaluated the incidence and
risk factors of fracture-related infection (FRI)
following internal fixation of long bone fractures
in 150 patients. The overall infection proportion
was 12.0%, with higher infection rates among
patients with open fractures, diabetes mellitus,

smoking history, and prolonged operative

duration. These findings highlight the
importance of identifying high-risk patients and
implementing appropriate perioperative

infection-prevention measures.In the present
study, FRI developed in 18 patients (12.0%),
whereas 132 patients (88.0%) remained
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infection-free. Rosenberger et al. [13]
emphasized standardized perioperative
infection-prevention practices under the
Surgical Care Improvement Project, which
targeted a 25% reduction in surgical site
infections. Their review highlighted appropriate
antibiotic prophylaxis, glycaemic control, and
perioperative care. Although the authors did not
report a directly comparable FRI incidence,
their recommendations support the importance
of preventive measures in fracture fixation
surgery.The mean age was higher among
patients with FRI (44.7 * 12.8 years) than
among those without infection (39.1 + 13.5
years), although the difference was not
statistically significant (p=0.097). Infection
occurred in 13.9% of males and 7.1% of
females. Oguz et al. [14], in a study involving
80 orthopaedic patients, reported a mean age
of 43 £ 15 years, with 55% males and 45%
females. Their demographic findings were
broadly comparable to the present study,
although their investigation primarily evaluated
operating-room bacterial contamination rather
than postoperative FRI. In the present study,
FRI occurred in 30.0% of diabetic patients
compared with 7.5% of nondiabetic patients
(p=0.002). Similarly, infection was observed in
20.8% of smokers compared with 7.8% of
nonsmokers (p=0.022). Rosenberger et al. [13]
emphasized perioperative glycaemic control as
an important component of surgical infection
prevention. These findings support the
importance of identifying and optimizing
modifiable patient-related risk factors before
surgery.Tibial fractures were the most common
injuries (36.0%) and demonstrated the highest
infection proportion (18.5%). FRI occurred in
28.9% of patients with open fractures
compared with 6.3% of those with closed
fractures (p<0.001). Open fractures
demonstrated approximately 6.11-fold higher
unadjusted odds of infection. These findings
suggest that soft tissue injury and
contamination may contribute substantially to
postoperative infection. Rosenberger et al. [13]
similarly emphasized the importance of
appropriate antimicrobial prophylaxis and
standardized surgical infection-prevention
practices, although their review did not
specifically compare open and closed
fractures.The mean operative duration was
significantly longer in patients with FRI (132.4
+ 28.6 minutes) than in those without infection
(108.7 £ 25.3 minutes; p=0.003). Oguz et al.
[14], in a randomized pilot study of 80 patients,
reported that prolonged surgical duration and

the absence of unidirectional laminar airflow
significantly increased airborne bacterial
contamination. Their findings support the
possible relationship between prolonged
surgery and increased infection risk observed in
the present study. FRI occurred in 13.3% of
patients undergoing plate fixation and 10.0%
undergoing intramedullary nailing, without a
significant difference (p=0.538). Bendich et al.
[15], in a study involving 15,972 total knee
arthroplasty patients, reported lower infection-
related revision rates with antibiotic-laden
cement compared with plain cement (1.9%
versus 2.6%; p=0.005). Although their study
involved arthroplasty rather than fracture
fixation, it highlights the potential importance
of implant-related infection-prevention
strategies. Staphylococcus aureus was the
predominant microorganism isolated in the
present study (44.4%), followed by
Pseudomonas aeruginosa (22.2%) and
Escherichia coli (16.7%). Proctor [16]
highlighted the clinical importance of S. aureus
infections and discussed challenges in
developing effective vaccines against this
organism, including unsuccessful clinical
vaccine trials. Although the review did not
report FRI-specific isolation rates, it reinforces
the importance of preventing and appropriately
managing staphylococcal infections.

Among patients with FRI, 61.1% developed
infection within 30 days, while 38.9% were
diagnosed after 30 days. Toon et al. [17], in a
Cochrane review involving 280 patients,
compared early dressing removal within 48
hours (n=140) with delayed removal (n=140).
They found no significant difference in
superficial surgical site infection (RR 0.64; 95%
CI 0.32-1.28). These findings suggest that
dressing-removal timing alone may not
substantially influence superficial infection
rates, although the evidence was of very low
certainty. The present findings emphasize the
importance of continued postoperative wound
surveillance. Among patients with FRI, delayed
union occurred in 33.3%, nonunion in 16.7%,
and implant failure in 11.1%, while 38.9%
required additional surgical intervention.
Bendich et al. [15] reported lower all-cause
revision rates with antibiotic-laden cement than
with plain cement (5.3% versus 6.7%;
p=0.0009). Although the surgical procedures
differed, both studies highlight the clinical
burden of infection-related orthopaedic
complications and subsequent surgical
interventions.
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CONCLUSION

The present study demonstrated a fracture-
related infection (FRI) proportion of 12.0%
following internal fixation of long bone
fractures. Open fractures, diabetes mellitus,
smoking, and prolonged operative duration
were significantly associated with increased
infection occurrence. Early identification of risk
factors, appropriate perioperative
management, and regular postoperative
surveillance may help reduce infection-related
complications and improve fracture healing
outcomes.

LIMITATIONS

The study was limited by its relatively small
sample size, limited number of infection events,
and observational design, which restricted the
assessment of independent risk factors. The
findings may also have been influenced by
differences in fracture severity, surgical
techniques, and postoperative management.

REFERENCES

1. Metsemakers W1, Kuehl R, Moriarty TF,
Richards RG, Verhofstad MHJ, Borens
O, et al. Infection after fracture
fixation: current  surgical and
microbiological ~ concepts.  Injury.
2018;49(3):511-522.

2. Foster AL, Moriarty TF, Trampuz A,
Jaiprakash A, Burch MA, Crawford R, et
al. Fracture-related infection: current
methods for prevention and treatment.
Expert Rev Anti Infect Ther.
2020;18(4):307-321.

3. Wang B, Zhang J, Han W, Tang X, Tian
F. Incidence and risk factors of
infection after fracture fixation: a
multicenter cohort study. Orthop Surg.
2025;17(1):151-162.

4, Thanni LOA, Aigoro NO. Surgical site
infection complicating internal fixation
of fractures: incidence and risk factors.
J Natl Med Assoc. 2004;96(8):1070-
1072.

5. Metsemakers WJ, Morgenstern M,
Senneville E, Borens O, Govaert GAM,
Onsea J], et al. General treatment
principles for fracture-related infection:
recommendations from an
international expert group. Arch Orthop
Trauma Surg. 2020;140(8):1013-1027.

6. Iliaens J, Onsea J, Hoekstra H, Nijs S,
Peetermans WE, Metsemakers WJ.
Fracture-related infection in long bone
fractures: a comprehensive analysis of

10.

11.

12.

13.

14.

15.

the economic impact and influence on
quality of life. Injury.
2021;52(11):3344-3349.

Kortram K, Bezstarosti H, Metsemakers
WJ, Raschke MJ], Van Lieshout EMM,
Verhofstad MHJ. Risk factors for
infectious complications after open
fractures: a systematic review and
meta-analysis. Int Orthop.
2017;41(10):1965-1982.

Ma T, Lu K, Song L, et al. Modifiable
factors as current smoking,
hypoalbumin, and elevated fasting
blood glucose level increased the SSI
risk following elderly hip fracture
surgery. J Invest Surg. 2020;33:750-
758.

Li J, Zhu Y, Zhao K, Zhang J, Meng H,
Jin Z, et al. Incidence and risks for
surgical site infection after closed tibial
plateau fractures in adults treated by
open reduction and internal fixation: a
prospective study. J Orthop Surg Res.
2020;15:349.

ZhuY, QinS, JiaY, LiJ, Chen W, Zhang
Q, et al. Surgeon volume and the risk
of deep surgical site infection following
open reduction and internal fixation of
closed tibial plateau fracture. Int
Orthop. 2022;46(3):605-614.
Metsemakers WJ, Morgenstern M,
McNally MA, Moriarty TF, McFadyen I,
Scarborough M, et al. Fracture-related
infection: a consensus on definition
from an international expert group.
Injury. 2018;49(3):505-510.
Morgenstern M, Kihl R, Eckardt H, et
al. Diagnostic challenges and future
perspectives in fracture-related
infection. Injury. 2018;49(Suppl
1):583-590.

Rosenberger LH, Politano AD, Sawyer
RG. The Surgical Care Improvement
Project and prevention of post-
operative infection, including surgical
site infection. Surg Infect (Larchmt).
2011;12:163-168.

Oguz R, Diab-Elschahawi M, Berger J,
et al. Airborne bacterial contamination
during orthopedic  surgery: a
randomized controlled pilot trial. J Clin
Anesth. 2017;38:160-164.

Bendich I, Zhang N, Barry 1], Ward DT,
Whooley MA, Kuo AC. Antibiotic-laden
bone cement use and revision risk after
primary total knee arthroplasty in U.S.

7461| International Journal of Pharmacy Research & Technology | July - Dec 2026 | Vol 16 | Issue 2



Dr. Dhruva Kirthi Swaroop C H et al / Incidence and Risk Factors of Fracture-Related Infection
Following Internal Fixation of Long Bone Fractures

veterans. J Bone Joint Surg Am.
2020;102:1939-1947.

16. Proctor RA. Recent developments for
Staphylococcus  aureus  vaccines:
clinical and basic science challenges.
Eur Cell Mater. 2015;30:315-326.

17. Toon CD, Lusuku C, Ramamoorthy R,
Davidson BR, Gurusamy KS. Early
versus delayed dressing removal after
primary closure of clean and clean-
contaminated surgical wounds.
Cochrane  Database  Syst Rev.
2015;2015:CD010259.

7462| International Journal of Pharmacy Research & Technology | July - Dec 2026 | Vol 16 | Issue 2



