
Introduction
Postoperative infection, especially in fracture surgery, 
has been one of the major problems in the field of 
orthopedics and has severely affected the outcomes of 
surgery (1). Despite recent efforts in the field of medical 
care for hospitalized patients, controlling infectious 
complications in patients undergoing surgery is still a 
major challenge (2), with surgical site infections (SSIs) 
being the most common infectious complication in 
surgical ward patients (3). SSI is the second most common 
clinical infection that accounts for 61% of the cases (4), 
and can increase mortality, hospital stay, and costs.

Various factors are involved in the development of 
SSIs, including implantation, drainage, and the surgical 
approach. SSI is a term that has been replaced by surgical 
wound infection since 1992 (5). The Center for Disease 
Control defines the infection that occurs near the surgical 

wound 30 days after surgery, or 90 days for prosthetic 
surgery, as SSI (6). SSI is the third most common type 
of infection health care providers impose to patients 
(7). Furthermore, SSI implies a decrease in quality of 
life, a doubling of readmission, prolonged hospital 
stays, and increased hospital costs (6). In addition, 
77% of deaths from surgical operations have been 
reported to be infectious, and the infection has a direct 
association with open surgical wounds (8). US Centers 
for Disease Control reported that although infection 
control practices including improved operating room 
ventilation, sterilization procedures, surgical techniques, 
and availability of disinfectants are in progress, SSI is 
one of the major causes of complications, prolonged 
hospitalization, and death (6).

Among SSI cases, those associated with orthopedic 
surgeries are important and the most common types for 
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Abstract
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significantly correlated with the frequency of hospitalizations, fractures in other areas, and the type 
of fracture (open and closed) (P < 0.05).
Conclusion: The overall prevalence of SSI was 12.9%, which was higher compared to previous 
studies. Humidity and warm weather can be major contributing factors to the high prevalence of 
post-operative infection in this treatment center; however, the conditions of the orthopedic operating 
room and facilities should also be considered.
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two reasons: first, implants are commonly used in these 
surgeries which increase the risk of infection (9); and the 
second is the anatomical characteristics of the bone. Bone 
is among the most anemic tissues in the body; therefore, 
some types of orthopedic surgeries are more susceptible 
to SSI (10), Although orthopedic surgery is considered a 
clean surgery and aseptic principles are strictly observed 
in this type of surgery, SSI is still one of the major 
complications of this type of surgery. Orthopedic surgical 
infection occurs in 1%-3% of patients undergoing surgery 
(11).

Since the prevalence of SSI in patients with femoral shaft 
fracture (FFS) has not been studied in south of Iran so far, 
in this study, researchers investigated the prevalence of 
SSI in patients with FFS treated with open intramedullary 
nailing (IMN) method at Shahid Mohammadi hospital in 
Bandar Abbas, Iran, between 2012 and 2016.

Materials and Methods 
Following the approval of the Ethics Committee of 
Hormozgan University of Medical Sciences, this 
study was performed as a retrospective descriptive 
cross-sectional study on patients admitted to Shahid 
Mohammadi hospital in Bandar Abbas, as the largest 
educational center of Hormozgan province in southern 
Iran for open IMN of FSF. Patients were selected using a 
census sampling method. The study population included 
all patients with FSF who had been referred to Shahid 
Mohammadi hospital in Bandar Abbas between 2012 
and 2016. Sixty-two patients were included in the study. 
The required information was extracted from patients’ 
medical files. All radiographs, number of visits, and 
telephone numbers were also recorded. Duration of 
hospitalization and readmission due to infection was also 
assessed. Moreover, in case of readmission, the number 
of hospitalization days was recorded. Data were entered 
into SPSS software version 25.0. Qualitative data were 
described by frequency and percentage, and quantitative 
data with mean and standard deviation. Quantitative 
data were analyzed using Kolmogorov-Smirnov test and 
Fisher exact test, chi-square test, and t test were used to 
compare the variables. P values <0.05 were considered as 
statistically significant. 

Results
The study population included 62 individuals, of whom 
53 (85.5%) were male and 9 (14.5%) were female. The 
mean age of participants was 26.95±11.19 years. Among 
the participants, 12 (19.4%) had open fractures and 
50 (80.6%) had closed FSF. In addition, 27 (43.5%) had 
fractures in other areas and 35 were free from fractures 
in other areas. SSI was observed in eight cases. Fifty-two 
patients were not hospitalized for further surgery, 9 were 
hospitalized once, and 1 was hospitalized twice. In this 
study, 17 (27.4%) patients were younger than 20 years, 
33 (53.2%) were 21-30 years, 7 (11.3%) were 31-41 years, 

and 5 (8.1%) were older than 41 years. In our study, there 
was one deep SSI case (osteomyelitis). Moreover, three 
patients had a history of smoking and one had diabetes, 
none of whom had SSI. The mean duration of antibiotic 
use, as well as mean hospitalization and ICU duration 
were 7.44±5.9, 7.73±5.4, and 1.44±2.72 days, respectively 
(Table 1).

There was no significant relationship between sex and 
age, duration of antibiotic use, length of hospitalization, 
and ICU length of stay (P < 0.05). According to Table 2, 
no significant relationship was found between the type 
of wound and age and ICU length of stay (P < 0.05); but 
there was a significant relationship between duration of 
antibiotic use and the length of hospitalization with wound 
type (P < 0.05). Individuals with open fractures had longer 
antibiotic use and longer hospital stay after first surgery 
compared to those with closed fractures. According to the 
findings of Table 2, no significant relationship was found 
between the fracture variables of other regions with age 
and ICU length of stay (P < 0.05), while antibiotic use and 
hospital stay had a significant relationship with fracture 
of other regions (P < 0.05). In other words, people with 
fractures in other areas had longer antibiotic use and 
longer hospital stay in comparison with others.

Table 3 shows that 4 (out of 12) open fracture cases and 
4 (out of 50) closed fracture cases had SSI. There was a 
statistically significant relationship between the type of 
wound and SSI, with those with open sores more likely to 
develop SSI (P = 0.039). The prevalence of SSI in our study 
was 12.9%, and it was not related to age or sex (P < 0.05); 
however, it was significantly correlated with the number of 
hospital admissions, fractures in other areas, and the type 
of fracture (open and closed) (P < 0.05). Moreover, the 
number of subsequent hospitalizations was significantly 
associated with SSI. In other words, those who had more 
frequent hospitalizations were significantly more likely 

Table 1. Descriptive Findings

Variable Minimum Maximum Mean
Standard 
Deviation

Age 15 68 26.95 11.197

Duration of antibiotic use 2 30 7.44 5.955

Duration of hospitalization 2 30 7.73 5.427

Duration of ICU admission 0 11 1.423 2.7205

Table 2. Correlation Between Variables

Variable Gender
Type of 
Wound

Fractures of 
Other Areas

Surgical Site 
Infection

Age 0.071 0.481 0.483 0.814

Duration of antibiotic 
use

0.928 0.014 0.000 0.002

Duration of 
hospitalization

0.356 0.016 0.000 0.000

Duration of ICU 
admission

0.313 0.114 0.142 0.228
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to develop SSI (P = 0.019). As shown in Table 3, 27 cases 
had other fractures, 8 (29.6%) of which had SSI; but none 
of the other 35 cases (with no fractures at other areas) 
had SSI. There was a statistically significant relationship 
between fractures of other regions and SSI. Differently 
put, people with fractures in other areas were more likely 
to develop SSI (P = 0.039).

Discussion
In summary, the results of our study showed that 
duration of antibiotic use and length of hospital stay were 
significantly correlated with the wound type, fractures of 
other areas, and SSI in patients with FSF. Moreover, SSI 
was significantly correlated with the wound type (open 
or closed), fractures of other areas, and the number of 
hospitalizations, while it was not correlated with age 
and sex. The prevalence of SSI in our study population 
was 12.9% (8 cases). It is also noteworthy that 4 patients  
(33.3%) of patients with open wounds had SSI, whereas in 
patients with closed wound fractures the corresponding 
percentage was 8%. In addition, 29.6% of those with 
fractures in other areas had SSI.

Treatment of hip fractures is an orthopedic issue. There 
is always a high risk of infection and delayed healing. 
Given that the femur bears the body weight, this delay 
causes numerous problems such as vascular thrombosis, 
disability, high cost of multiple, and long-term treatments 
(12).

Currently, there are several studies on the causes and 
prevalence of SSI in Iran. Peivandi et al in Mashhad 
aimed to evaluate 26 patients between the ages of 16 and 
45 years with a mean age of 68 years for 20 months. The 
frequency of fracture types was 2 and 24 according to 
Gustilo II and IIIA classifications, respectively. Finally, 2 
(7.7%) patients had SSI; one of these cases was superficial 
and it was controlled with debridement, irrigation, and 
antibiotic therapy. Finally, this study concluded that the 
use of untrimmed implant titanium pin is an appropriate 
method to treat type II and IIIA open hip fractures (13). 
In a study conducted by Hojjat et al at Motahari Hospital 
in Jahrom, the prevalence of infection was reported 
to be 8.8%. This study also evaluated factors, such as 
duration of surgery, orthopedic surgery with general 
and women’s surgery, being roommates with infectious 
patients, the number and types of operations performed 
in the operating room on the same day, the number of 

hospitalization days before surgery, and the number of 
hospitalization days associated with wound infection. 
However, there was a significant relationship between the 
duration of surgery, the number of operations performed 
in the operating room on the same day, and the number 
of hospitalization days with the rate of wound infection 
(14). A study in Mashhad conducted by Khajemozafari et 
al compared the open and closed treatment of hip shaft 
fractures with locking nails, where 40 patients aged 18-
50 years (33 males and 7 females with a mean age of 26.3 
years) with femoral fracture were studied. Patients were 
divided into two groups and underwent open and closed 
surgery and were followed for one year. A single case 
of infection (osteomyelitis) (5%) was seen in the open 
reduction group, but there was no significant difference 
in statistical analysis (15).

In a retrospective study in 2000 by Nowotarski et al, 
the results of conversion of the femoral external fixation 
to IMN were reported in open femoral fractures. In this 
study, 54 patients with 59 FSF treated with an external 
fixator and conversion into IMN were evaluated. The 
mean duration of external fixator use was 7 days and 
the mean follow-up was 12 months. The prevalence of 
infection was 1.7% in this study (16).

A study by Noumi et al in Japan investigated the factors 
affecting deep infection and non-healing in open femoral 
fractures that were treated with a closed IMN procedure. 
In this study, 89 femoral open fractures (88  patients) 
that were treated urgently or with delay and by locked 
IMN technique were evaluated from 1988 to 2001. The 
following predictive variables were selected for analysis: 
age, sex, Gustilo type (I + II or III), AO type (A or B + 
C), fracture site (proximal site + distal site or middle site), 
duration of IMN method, reamed/unreamed nailing 
(reamed (R) versus unreamed (UR)), presence of multiple 
trauma (injury severity score (ISS) <18 or ISS ≥ 18), 
debridement time (≤6 hours or> 6 hours), and floating 
knee injury. In this study, 5 (5.6%) fractures developed 
deep infection, one of which was Gustilo type II fracture 
and the other four were type III fractures. This study 
showed that only Gustilo type was associated with the 
occurrence of deep infection (P < 0.05) (17).

The results of a retrospective study conducted by 
Huntley et al in the United States showed that SSI rates 
were higher in foot and ankle surgeries (18). Najjar et al 
conducted a prospective multicenter study to determine 

Table 3. The Relationship Between Surgical Site Infection and Other Components

Gender
P 

Value

Wound Type
P 

Value

Fractures of Other 
Areas

P 
Value

Number of Previous 
Hospitalizations

P Value
Male Female Open Closed Yes No No record Once Twice

No. % No. % No. % No. % No. % No. % No. % No. % No. %

Surgical 
site 
infection

Yes 8 15.1 0 0

0.262

4 33.3 4 8

0.039

8 29.6 0 0

0.001

5 9.6 2 22.2 1 100

0.0019No 45 84.9 9 100 8 66.7 46 92 19 70.4 35 100 47 90.4 7 77.8 0 0

Total 53 100 100 100 12 100 50 100 27 100 35 100 52 100 9 100 1 100
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the risk factors and causes of orthopedic SSI in Jordan. 
Patients were evaluated 90 days after surgery, and 286 
patients from 18 hospitals were studied. They reported 
that 4.9% of patients were infected, 4.7% of patients had 
clean wounds, and 6% had infectious wounds. The results 
showed that type of surgery and length of hospitalization 
were predictors of SSI (11).

As the shaft fracture is mostly a result of high energy 
trauma, and especially road traffic accidents, younger 
people are mostly affected; the average age of our study 
population approves this issue. Therefore, it seems that 
the young population of our study may justify the low 
smoking rate (19), as well as the presence of only one case 
of diabetes and no history of heart disease in our study 
population.

Lhowe and Hansen (20) studied 46 open femoral 
fractures treated with reamed IMN and reported two cases 
of infection that were better than our findings. However, 
this study had a smaller sample size, which may justify the 
lower number of SSIs. In the study by O’Brien et al (21) on 
63 patients with open femoral fracture treated with IMN 
primary reamed, 3 (4.8%) cases of deep infection were 
reported in Gustilo type 1, type 2 and type 3 fractures, 
which is in relation with multiple trauma. In this study, 
the number of patients was similar to ours; however, 
in our study, there was one case of deep infection and 
seven cases of superficial infection. Rutter et al (12) and 
Williams et al (22) also studied the IMN primary reamed 
operation and made suggestions similar to the study by 
O’Brien et al.

In a study by Hojjat et al (14), there was a statistically 
significant relationship between orthopedic SSI and with 
the number of hospitalization days and type of fracture 
(open or closed), which was in agreement with the results 
of our study. There was also a significant relationship 
between smoking and SSI in this study. The mean length 
of stay in this study was 7.20±4.20 days, and it was 
7.73±5.427 days in our study. In this study, the prevalence 
of orthopedic infection was 8.8%, while it was 12.9% in our 
study, and there was a statistically significant relationship 
between SSI with age (15-40 years) and sex, which was not 
in line with our findings. The prevalence of infection in 
this study was also lower than that of our study.

In a study by Khan et al (9), age, smoking, and diabetes 
were identified as factors contributing to the incidence 
of infection in orthopedic surgeries. These results were 
contradictory to the results of our study, which could be 
due to the younger study population of our study, and 
thus the low prevalence of diabetes and smoking in our 
statistical population. Nonetheless, similar to our study, 
in the study by Azizi et al (19), there was no significant 
relationship between age and the incidence of SSI 
following non-emergency clean-up surgery.

As expected, and reported in previous studies, similar to 
our study, the incidence of postoperative infection is higher 
in open fractures and in fractures that occur in infected 

environments. The high incidence of postoperative 
infection in these fractures has also been emphasized in a 
study by Kundu et al (23). Moreover, our study found that 
the prevalence of SSI in patients with open wound was 
33.3%, indicating a very high prevalence. Mehdinassab et 
al (24) compared the two methods of plating and locked 
bone nailing in femoral fractures and reported that the 
prevalence of infection was 9.7%, of which 15.9% were in 
the plating group and 3.3% were in the grafting group, 
which was close to the findings of our study. Brumback 
and Virkus (25) reported an infection rate of 11% in type 
II open fractures along with nailing with bone trimming, 
which was lower than our study. In a study on 141 patients 
treated with plating, Riemer et al (26) reported 7% failure 
in the equipment, one case of nonunion, and two cases of 
deep infection, having a significantly lower prevalence of 
infection than our study.

A major limitation to the current study was the small 
sample size and its single-center design. Further studies 
on larger populations with multi-center designs are 
required to confirm the results of our study.

Conclusion
In the current study, the prevalence of SSI was 12.9%, 
which was higher than other countries as well as other 
Iranian cities. Humidity and warm weather can be among 
the factors causing this difference in the incidence of 
postoperative infection at this treatment center compared 
with others. However, the conditions of the orthopedic 
operating room and the available facilities should also be 
taken into consideration.
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