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Abstract:

Background: Open fractures of extremities have become more common and carry a high risk for postoperative
infection related to sufficient soft tissue injury and contamination. External fixation (EF) and internal fixation
(IF) are commonly used methods, and the infection rate comparisons are still disputed.

Aim: To compare the rate of infection in open fractures treated with the temporary EF followed by IF and to
evaluate the factors impacting postoperative infection.

Method: A retrospective study of 102 patients (111 limbs) with open extremity fractures managed at Department
of Orthopedics, Jannayak Karpoori Thakur Medical College, Madhepura, Bihar, India from January 2023 to
December 2023.Patients underwent emergency debridement with EF followed by conversion to IF immediately
or within 5-7 days. The rate of infection was evaluated using the Gustilo classification, total time to EF, and time
to IF. The levels of statistical significance were determined using Chi-squared tests (p154<0.05).

Results: The infection rate was overall 13.5%, and increased incidence with the Gustilo severity (0% type I to
38.5% type LIIC). EF for >28 days significantly increased the risk of infection (28.6% (EF>28 days) compared to
6.6% for <28 days; p=0.0016). The timing of IF (same time as EF or delayed) was not a significant factor (16.4%
infection rate, and 10% infection rate respectively; p = 0.327). Overall healing occurred in 87.4% of fractures.
Conclusion: Rate of infection is highest with the Gustilo severity category and prolonged EF usage. Early
conversion from EF to IF (2-4 weeks) would decrease infection rates, while the timing of replacement is of less
consequence.
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Introduction

Along with the rapid advancement in social econ-
omy and industrialization, the number of cases in-
volving open fractures of the extremities due to var-
ious factors from trauma has been continuously on
the rise. Open fractures often accompany high-en-
ergy trauma such as traffic injuries, height falls, and
industrial injuries, leading frequently to serious
damage in bone as well as soft tissue injury. In the
majority of cases, these injuries will be accompanied
by severe skin and soft tissue defects and exposure
or injury to muscles, tendons, bones, joints, vessels,
and nerves. Treating such injuries poses a difficulty
owing to the complex nature of the injury as well as
extended cycles of treatment involved. In addition,
infection that develops following an open fracture
frequently necessitates repeated surgical debride-
ment, imposing a considerable economic and psy-
chological burden on the patient, family members,
and health systems.

Wound contamination, as well as severe soft tissue
destruction, have been widely established as a

significant predictor of outcomes in open fractures.
Secondary infection and soft tissue or bone necrosis
greatly complicate management and lower the
chances for optimal functional recovery [1]. Varia-
bility and severity in open fracture injuries necessi-
tate the development of suitable protocols for man-
agement to achieve favorable results. In spite of sig-
nificant advances in contemporary medicine, post-
operative infection rates for open fractures continue
to remain significant, as do suboptimal functional
recovery rates for involved limbs, resulting in a sig-
nificant decline in quality of life for patients. Be-
cause prevention strategies for postoperative infec-
tion in cases of open fracture have been a central fo-
cus for clinical research as well as discussion, this
condition was targeted by this project in terms of
finding a solution that could help reduce infection
rates significantly.

Several factors have been found to contribute to-
wards the prediction of the risk of postoperative in-
fection in open fractures, including smoking history,
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diabetes mellitus, Gustilo-Anderson grade of the
fracture, and duration of use of an external fixator. It
was established by Chua et al. [3] as well as by
Reuss et al. [2]] thatGustilo—Anderson grade of frac-
ture has a direct positive relationship with rates of
postoperative infection, demonstrating that more se-
vere grade fractures have a significant risk of infec-
tion. In response to these challenges, more research-
ers have been advocating an integrated approach to-
wards treatment that strikes bone stabilization as
much as soft tissue coverage simultaneously.

Debridement under thorough irrigation coupled with
internal fixation has been described as a safe and ef-
fective management for Gustilo I and Gustilo II frac-
tures, as well as selectively for I1la and I1Ib fractures
[4,5], Nonetheless, when fractures are complicated
by severe bone as well as soft tissue loss, staged
management based on principles of damage control
orthopedic surgery finds common application. Stag-
ing begins with initial stabilization of fracture by an
external fixator after an emergency debridement
procedure. After the condition of the local soft tissue
improves, the patient undergoes removal of the ex-
ternal fixator as a prelude to definitive internal sta-
bilization by internal fixation. It has benefits on var-
ious counts that an acute phase stabilization with an
external fixator brings up, such as quick stabilization
in the fracture, limb length restoration, as well as re-
duction in further soft tissue damage [6].

Despite such advantages, long-term use of external
fixators has been related to various disadvantages.
These encompass unstable fixation, chance of loos-
ening of pins, development of tracts between pins
and the external milieu, as well as soft tissue injury
exacerbation. Extended external fixation has been
related to a higher risk of deep infection, nonunion,
malunion, as well as joint dysfunction [7]. A number
of studies indicated that strategically planned con-
version of temporary external fixation to definitive
internal fixation is a safe approach that overcomes
the inherent pitfalls of prolonged use of external fix-
ation devices [8]. Controversy still exists, however,
on the best timing as well as modality of shifting the
patient from exposure to internal fixation. The main
clinical predicament centers on the fact that internal
fixation can be applied after the removal of the ex-
ternal fixator or if a wait-in period for the avoidance
of postoperative infection is wise [9,10].

Postoperative infection after internal fixation is a
significant determinant of treatment efficacy. Eluci-
dation of infection determinants as well as discovery
of methods reducing its prevalence thus holds cen-
tral importance in maximizing patient safety as well
as improving therapeutic effectiveness. To inform
these questions, we retrospectively examined 122
cases of extremity open fractures managed across
two orthopedic institutions over the period January
2017-2019. In specific terms, we compared the ef-
fects of sequential external fixation then internal
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fixation on postoperative infection rates as well as
infection timing in relation to conversion to internal
fixation together with infection risk factors. Results
of this investigation hope to inform evidence-based
clinical management recommendations on open
fracture across institutions as well as inform meth-
ods optimizing patient outcomes.

Materials and Methods

Study Design: This was a retrospective observa-
tional comparative study that aimed to evaluate and
compare infection rates in open fractures treated
with external fixation at first and internal fixation af-
terwards. The study examined the impact of the ex-
ternal fixator carrying time and timing of replace-
ment to internal fixation on postoperative infection
rates.

Study Area: The study was conducted in the De-
partment of Orthopedics, Jannayak Karpoori Thakur
Medical College and Hospital, Madhepura, Bihar,
India from January 2023 to December 2023.

Sample Size: A total of 102 cases meeting the in-
clusion criteria were analyzed, including 72 males
and 30 females, with 9 patients having double frac-
tures.

Sample Population: Patients aged >15 years with
open fractures of the extremities, who received tem-
porary external fixation at phase I followed by inter-
nal fixation at phase II, and had complete clinical
and imaging data available.

Inclusion Criteria

e Age>15 years.

e  Open fractures of extremities.

e Temporary external fixation at phase I, replaced
by internal fixation at phase II.

e  Postoperative follow-up time >12 months.

e Complete clinical and imaging data available.

Exclusion Criteria

e Patients choose external fixators as the final
treatment.

e Internal fixation at phase II after bone transport
or bone lengthening surgery.

e Other infection foci in the affected limbs during
follow-up.

e Treatment with glucocorticoids or immunosup-
pressants for other diseases.

e Amputation due to limb necrosis caused by vas-
cular injury during follow-up.

Data Collection: A chart review was performed for
all patients meeting inclusion criteria in order to col-
lect demographic data, indication for injury, fracture
type based on Gustilo classification, description of
the surgical procedure, and outcomes after dis-
charge. Laboratory testing including WBCs, CRP,
ESR, and procalcitonin, as well as imaging studies
were collected. We additionally pulled data from
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chart notes related to timing of internal fixation,
identification of external fixation, and any post-op-
erative infection data reported in the medical record.

Surgical Procedure: Patients received antibiotics
and tetanus immunoglobulin upon arrival. Emer-
gency debridement was performed with temporary
external fixation applied according to orthopedic
damage control principles. Stability was assessed in-
traoperatively with provision for limited internal fix-
ation (Kirschner wires) as necessary. Soft tissue
management was performed by direct suture, vac-
uum sealing drainage (VSD), flap transposition, or
free skin grafting depending on the viability of the
soft tissue. Internal fixation was performed immedi-
ately upon removal of the external fixation (imme-
diate group) or at five to seven days post-initial sur-
gery (delayed group) with a steel plate, or intrame-
dullary nail used to repair the fracture.

Definition of Variables

e Carrying time of external fixators: Time from
wound closure or repair to internal fixation.

e Post-internal fixation infection: Defined ac-
cording to the International Association for In-
ternal Fixation (2017) consensus, classified into
three grades:

o Grade 1: Mild infection treated conserva-
tively.

o Grade 2: Moderate infection, requiring
debridement.

o Grade 3: Severe infection, requiring re-
moval of internal fixation and further sur-
gical intervention.

» Grouping
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e Based on external fixator carrying time:

o Group A: <14 days
o  Group B: 15-28 days
o Group C: >28 days

e Based on timing of internal fixation:

o Group a: Immediate replacement
o  Group b: Delayed replacement (5-7 days)

Statistical Analysis: The data were analyzed using
the Chi-square test or Fisher’s exact test for the com-
parison of infection rates between the groups. Con-
tinuous variables were expressed as mean =+ standard
deviation (SD) and categorical variables were re-
ported as frequencies and percentages. A p-value
<0.05 was considered statistically significant. The
statistical analysis was performed using SPSS 25.0.

Result

Table 1 describes the characteristics of 102 patients
with 111 affected limbs. The mean age was 40.5 +
12.2 years, with males comprising 70.6% (n=72).
Nearly one-third of patients were smokers (29.4%,
n=30). The most common mechanism of injury was
traffic accidents (68.6%, n=70), followed by falls
(17.6%, n=18), machine injuries (9.8%, n=10),
bruises (7.8%, n=8), and other causes (3.9%, n=4).
Temporary external fixation (EF) duration was <14
days in 55 patients (49.5%), 15-28 days in 28 pa-
tients (25.2%), and >28 days in 28 patients (25.2%).
Direct conversion from EF to internal fixation (IF)
occurred in 92 patients (82.4%). For definitive IF,
75 patients (73.5%) received locking plates, while
27 (26.5%) were treated with intramedullary nails.

Table 1: Patient characteristics

Demographic variables Data
Number of patients 102
Number of limbs 111*

Age (mean + SD, years) 40.5+12.2
Gender (Males, %) 72 (70.6%)
Smokers 30 (29.4%)

Mechanism of injury

— Traffic accident

70 (68.6%)

—Fall 18 (17.6%)
— Machine injury 10 (9.8%)
— Bruised 8 (7.8%)

— Others 4 (3.9%)
Temporary EF duration group

— <14 days 55 (49.5%)
— 15-28 days 28 (25.2%)
—>28 days 28 (25.2%)
Conversion from EF to IF (Directly) 92 (82.4%)
Definite IF

— Locking plate 75 (73.5%)

— Intramedullary nail

27 (26.5%)

*Includes 9 patients with double fractures (111 total limbs).
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Table 2 summarizes the demographic characteristics
and outcomes of 111 fractures. According to the
Gustilo classification, 12 fractures (10.8%) were
type I, 32 (28.8%) type 11, 35 (31.5%) type 1I1A, 22
(19.8%) type IIIB, and 10 (9.0%) type IIIC.
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Regarding outcomes, 97 fractures (87.4%) healed
successfully, while 14 (12.6%) developed infec-
tions. Among the infected cases, 4 (28.6%) were
classified as mild, 6 (42.9%) as moderate, and 4
(28.6%) as severe.

Table 2: Demographic characteristics of fractures
Variable [ n | % (of 111)
Gustilo classification
-1 12 10.80%
—1I 32 28.80%
—1IIA 35 31.50%
—11IB 22 19.80%
—1IIC 10 9.00%
Outcome
— Healed 97 87.40%
— Infected 14 12.60%
Infection degree
—Mild 4 28.6%*
— Moderate 6 42.9%*
— Severe 4 28.6%*

*Percentages within infected cases (n=14)

Table 3 compares infection rates across Gustilo
fracture types among 111 fractures. Infection rates
increased with fracture severity: type I had 0% (0/9),
type 11 6.3% (2/32), type 111A 9.4% (3/32), type 11IB
20% (5/25), and type IIIC 38.5% (5/13). Overall, 15

fractures (13.5%) developed infections. The differ-
ence in infection rates across groups was statistically
significant (y*> = 11.143, p = 0.025), indicating a
clear association between higher Gustilo type and
increased infection risk.

Table 3: Comparison of infection rates among Gustilo fracture types
Group Infection Yes Infection No Overall Ratio (%) N P value
I 0 9 9 0
11 2 30 32 6.3
IIA 3 29 32 9.4 11.143 0.025*
111B 5 20 25 20
IIC 5 8 13 38.5
Overall 15 96 111 13.5

*Significant association (two expected counts <5).

Table 4 presents infection rates according to the du-
ration of temporary external fixation (EF) among
111 fractures. Patients with EF <14 days had an in-
fection rate of 6.7% (4/60), those with EF 15-28
days had 6.3% (1/16), and EF >28 days had a mark-
edly higher rate of 28.6% (10/35). Overall, 15

fractures (13.5%) developed infections. The differ-
ence in infection rates across EF duration groups
was statistically significant (x> = 9.919, p = 0.007),
indicating that prolonged EF (>28 days) is associ-
ated with a substantially increased risk of infection.

Table 4: Comparison of infection by duration of temporary external fixation
Group Infection Yes Infection No Overall Ratio (%) N P value
<14 days 4 56 60 6.7
15-28 days 1 15 16 6.3 9.919 0.007**
>28 days 10 25 35 28.6
Overall 15 96 111 13.5

Table 5 compares infection rates between patients
with temporary external fixation (EF) duration of
<14 days versus >14 days among 111 fractures. In
the <14 days group, 4 patients (6.7%) developed in-
fections, whereas in the >14 days group, 11 patients

Singh

(21.6%) were infected. Overall, 15 fractures
(13.5%) experienced infection. The difference was
statistically significant (> = 3.992, p = 0.046), indi-
cating that EF duration longer than 14 days is asso-
ciated with a significantly higher risk of infection.
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Table 5: Comparison of infection (<14 vs >14 days EF duration)
Group Infection Yes Infection No Overall Ratio (%) N P value
<14 days 4 56 60 6.7
>14 days 11 40 51 21.6 3.992 0.046*
Overall 15 96 111 13.5

Table 6 compares infection rates between patients
with temporary external fixation (EF) duration of
<28 days versus >28 days among 111 fractures. In
the <28 days group, 5 patients (6.6%) developed in-
fections, whereas in the >28 days group, 10 patients
(28.6%) were infected. Overall, prolonged EF

beyond 28 days was associated with a significantly
higher infection rate, and this difference was statis-
tically significant (y>=10.27, p=0.0016), highlight-
ing the strong risk of infection with extended EF du-
ration.

Table 6: Comparison of infection (<28 vs >28 days EF duration)
Group Infection Yes Infection No Overall Ratio (%) N P value
<28 days 5 71 76 6.6
>28 days 10 25 35 28.6 10.27 0.0016**

Table 7 compares infection rates between immediate
versus interval internal fixation (IF) replacement
among 111 fractures. In the immediate fixation
group, 10 patients (16.4%) developed infections,
while in the interval fixation group, 5 patients (10%)

were infected. Overall, 15 fractures (13.5%) experi-
enced infection. The difference between the groups
was not statistically significant (> = 0.961, p =
0.327), suggesting that the timing of fixation re-
placement did not significantly affect infection risk.

Table 7: Comparison of infection between immediate vs interval fixation replacement
Group Infection Yes Infection No Overall Ratio (%) v P value
Immediate 10 51 61 16.4
Interval 5 45 50 10 0.961 0.327
Overall 15 96 111 13.5
Discussion corroborates that grade of fracture significantly de-

We found an overall infection rate of 12.6% in pa-
tients with open fractures who were initially treated
with external fixation (EF) and then later had con-
version to internal fixation (IF). Our data has several
significant relationships: as Gustilo- Anderson clas-
sification increased, there was a subsequent increase
in the infection rate; the longer the duration of EF,
the increased rate of infection; and if EF was re-
tained in situ after 28 days, there was a higher rate
of infection. There was no difference in the timing
of the EF conversion compared to IF in relation to
infection outcomes. In general, our results are con-
sistent with the literature at present; however, pro-
vide further detail to the current comparative data of
these two fixation strategies.”

The relationship between fracture grade and infec-
tion of the fracture in this series follows the litera-
ture. There was a stepwise increase in infection rate,
0% in type I fractures to 38.5% in type IIIC frac-
tures. This pattern agrees with McBirnie (1995)
[11], who noted infection rates between 2% in type
Tup to almost 50% in type IIIC injuries, highlighting
that soft tissue compromise directly affects infection
risk. Likewise, Lua et al. (2017) [12] noted that
Gustilo type III fracture patients had a considerably
increased risk—up to 3.7-fold—of infection compli-
cations than types I and II. Our evidence thus
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termines postoperative outcome, such that careful
soft tissue management still holds paramount im-
portance in highest grade injuries.

When considering the method of fixation, external
fixation has historically been favored for severe
open fractures due to its minimal interference with
compromised soft tissues and rapid application in
emergency settings. However, EF is not without
complications. Studies such as those by McGraw
and Lim (1988) [13] and Behrens and Searls (1986)
[14] documented high rates of malunion, pin-tract
infection, and refracture when EF was used as defin-
itive fixation. In our study, EF was primarily tempo-
rary, and most cases were later converted to IF,
which yielded a relatively favorable healing rate of
87.4%. These findings are consistent with Antich-
Adrover et al. (1997) [15], who demonstrated that
staged treatment—initial EF followed by intrame-
dullary nailing—offered improved union rates and
lower complication rates compared with prolonged
EF use. Thus, our data supports staged management
as a safer strategy than exclusive reliance on EF.

The period of EF proved an important consideration
in our evaluation. Those patients whose EF was re-
tained longer than 28 days had infection rates of
28.6%, as opposed to just 6-7% in the converted
group sooner. This finding strongly supports the

International Journal of Pharmaceutical Quality Assurance

314



International Journal of Pharmaceutical Quality Assurance

Vincent et al. (2015) [16] meta-analysis that con-
cluded that infection risk rose significantly if EF was
retained more than four weeks. Likewise, Sirkin et
al. (2004) [17] stressed that safe conversion can be
assured only between 5-14 days once the patient's
soft tissue envelope is established as stable. Our in-
vestigation thus supports the clinical guideline that
temporary EF for an optimal period should rarely ex-
ceed two to four weeks when conversion to IF ought
to be attempted in an effort to reduce infection risk.

Notably, our investigation discovered no statisti-
cally significant distinction between infection rates
for immediate versus delayed conversion from EF to
IF. Those undergoing direct replacement had an in-
fection rate slightly greater than that for an interval
approach (16.4 versus 10%), albeit this was not sig-
nificant. These findings reflect the experience of
Nowotarski et al. (2000) [18], who discovered both
approaches could be safe as long as infection princi-
ples were controlled. Additionally, Cosco et al.
(2001) [19] identified no significant distinctions in
infection risk when direct versus delayed conversion
were comparable. Collectively, these studies indi-
cate that perhaps the length rather than exact timing
of EF retained might prove more important as long
as debridement and infection control are adequate.

Epidemiologically, our patient profile was compara-
ble with other literature descriptions. Male predom-
inance (70.6%) and traffic injury as the leading
cause of injury (68.6%) concur with overseas litera-
ture where high-energy trauma remains the leading
cause of open fractures (McBirnie, 1995) [11]. Cig-
arette smoking as noted in nearly a third of our cases
might also be accountable for delayed fracture union
as well as infection predisposition as mentioned pre-
viously in fracture healing risk factors literature
(Luaetal., 2017) [12].

Since we had a relatively favorable rate of healing
of 87.4%, prolonged use of EF was not strongly re-
lated to complications such as malunion or nonunion
as in other accounts. Inan et al. (2007) [20], for ex-
ample, had longer healing times as well as more
complications with Ilizarov external fixation than
with unreamed tibial nailing. In contrast, our two-
staged procedure combining EF with IF had favora-
ble results, just as was experienced by Blachut et al.
(1990) [21], when they had favorable results under
the principles applying the use of sequential fixation
under damage control orthopedics (DCO).

Taken all together, our findings show three prevail-
ing conclusions. First, the severity of the lesion as-
sociated with the open fracture (defined by Gustilo—
Anderson grading) continues to be the most im-
portant independent predictor of infection risk. Sec-
ond, EF can more so be envisioned as an interim sta-
bilization technique with an urgent return to IF (ide-
ally on the range of 2—4 weeks) to reduce infection.
Third, with implementation of infection control
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measures, for most instances the immediacy/delay
of return to IF does not appear any more relevant
than the overall period of EF use.

However, there were also some limitations in our
study including retrospective research design and
variability of surgical experience in institutions
which may affect infection outcomes. In addition,
while our overall sample size was adequate, the
Gustilo IIIC fracture subgroup was small, not
providing as much strength of inference in this in-
jury category. Further multicenter prospective stud-
ies will be needed to refine EF optimal duration
thresholds for Gustilo III injuries and examine
standardized protocols for return to IF.

Conclusion

The study indicates that the rate of infection in open
fractures is associated with both the severity of in-
jury and the time between external fixation and in-
ternal fixation. Fractures with a Gustilo grade of IIIB
and I1IC had a greater risk of infection that illustrates
both soft tissue injury and contamination as reasons
for increase in postoperative complications. Exter-
nal fixation use longer than 28 days was associated
with a significant increased risk for infection, indi-
cating that timely conversion to internal fixation
may be necessary. However, compared to immedi-
ate internal fixation, there was no difference with in-
terval. Overall, the study suggests that timely con-
version from external to internal fixation and thor-
ough management of high-grade open fractures
greatly decreases the risk of infection and overall
clinical outcome.
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