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Purpose: We perform an analysis of infection risk factors for fracture patients and 

confirm that the risk factors reported in previous studies increase the risk of actual in-

fection among fractured patients. In addition, injury severity score (ISS) which is used 

as an evaluation tool for morbidity of trauma patients, confirms whether there is a rela-

tionship with infection after orthopedic fracture surgery.

Methods: We retrospectively reviewed 1,818 patients who underwent fixation surgery 

at orthopedic trauma team, focused trauma center from January 1, 2015 to December 

31, 2017. Thirty-five patients were infected after fracture surgery. We analyzed age, sex, 

open fracture criteria based on Gustilo-Aderson classification 3b, anatomical location 

(upper extremity or lower extremity) of fracture, diabetes, smoking, ISS.

Results: Of 1,818 patients, 35 (1.9%) were diagnosed with postoperative infection. Of 

the 35 infected patients, nine (25.7%) were female and five (14.0%) were upper extrem-

ity fractures. Three (8.6%) were diagnosed with diabetes and eight (22.8%) were smok-

ers. Thirteen (37.1%) had ISS less than nine points and six (17.1%) had ISS 15 points or 

more. Of 1,818 patients, 80 had open fractures. Surgical site infection were diagnosed in 

12 (15.0%) of 80. And nine of 12 were checked with Gustilo-Aderson classification 3b or 

more. Linear logistic regression analysis was performed using statistical analysis pro-

gram Stata 15 (Stata Corporation, College Station, TX, USA). In addition, independent 

variables were logistic regression analyzed individually after Propensity scores match-

ing. In all statistical analyzes, only open fracture was identified as a risk factor.

Conclusions: The risk factors for infection in fracture patients were found to be sig-

nificantly influenced by open fracture rather than the underlying disease or anatomical 

feature of the patient. In the case of ISS, it is considered that there is a limitation. It is 

necessary to develop a new scoring system that can appropriately approach the morbid-

ity of fracture trauma patients.
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INTRODUCTION

It is estimated that infections after metal fixation in fac-

tures, occur in 1-4% of surgical patients depending on 

facture site and injury severity [1]. The recognition of risk 

factors is very important as the first step of prevention of 

infection and diabetes, open fracture, and crushing are 

well known [2-4].

Various types of evaluation models have been used for 

the initial evaluation of trauma patients, and injury sever-

ity score (ISS) scoring is a representative trauma severity 

score system for evaluating systemic trauma [5-7]. Since 

its introduction in 1974 by Baker et al. [8], clinical util-

ity has been acknowledged and has been used as a value 

criterion to quantify anatomic severity to quantification. 

However, there is no data on the clinical significance of 

ISS scoring in orthopedic fracture patients, which ac-

counts for a large proportion of the patients in the emer-

gency room [6,9].

We perform an analysis of infection risk factors for 

fracture patients and confirm that the risk factors report-

ed in previous studies increase the risk of actual infection 

among fractured patients. In addition, ISS, which is used 

as an evaluation tool for morbidity of trauma patients, 

confirms whether there is a relationship with infection 

after orthopedic fracture surgery.

METHODS

We retrospectively reviewed 1,818 patients who under-

went internal fixation surgery at an orthopedic trauma 

team, focused trauma center from January 1, 2015 to 

December 31, 2017. Thirty-five patients were infected 

after fracture surgery. We analyzed age, sex, open fracture 

criteria based on Gustilo-Aderson classification 3b, ana-

tomical location (upper extremity or lower extremity) of 

fracture, diabetes, smoking.

All patients were followed up for at least 6 months, and 

infections were defined as cases in which satisfying Cen-

ters for Disease Control and Prevention criteria for deep 

infection. In order to confirm the age distribution after 

fracture surgery, the distinction was made based on 10 

years. The 10-year standard was arbitrarily set. But, statis-

tical analysis was performed by continuous variable not 

based on decade. The Gustilo-Aderson classification 3b 

requires additional operations such as flap for soft tissue 

treatment and is defined as the criteria for open fracture.

Orthopedic fracture surgery in the anatomical site ex-

cept for the hand, foot, and spine was evaluated together, 

and the operation was carried out by two professors and 

eight fellows dedicated to fracture during the study peri-

od. In the case of the operation performed by the fellow, 

the preoperative plan and the evaluation of the operation 

were made by two professors, and the level of the opera-

tion was kept constant.

The ISS was assessed and recorded daily by an expert 

nurse worker using the abbreviated injury scale (AIS) 

2005: update 2008 as an assessment tool and confirmed 

once again by field specialists through weekly meetings. 

Open fractures were classified according to the Gusti-

lo-Aderson classification. Diabetes mellitus is defined as 

the case of diagnosis before fracture surgery. Smoking was 

based on 1 pack-year or more. The antibiotics was based 

on cefazolin. Open fractures were initially treated with 

additional gentamycin. After bacteria were identified in 

the surgical field, we consulted an infectious medical spe-

cialist to change antibiotics.

Linear logistic regression analysis was performed using 

statistical analysis program Stata 15 (Stata Corporation, 

College Station, TX, USA). In addition, independent vari-

ables were logistic regression analyzed individually after 

propensity scores matching (Fig. 1).

RESULTS

Of the 1,818 patients who underwent total fracture sur-

gery, 35 (1.9%) had infections, 935 men (51.4%) and 

883 women (48.6%). Five hundred and sixteen patients 

(28.4%) in the upper extremity fracture, 1,302 (71.9%) in 

the lower extremity fracture patients. One hundred and 

nineteen patients underwent anatomically two or more 

fracture site operations in the AO classification. Patients 

who underwent two or more sites of fracture surgery were 

classified based on the anatomical site actually reflected 

in the ISS score. A total of 1,818 patients underwent 1,954 

operations.
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There were five cases of distal femur infection (7.0% in 

total femoral fracture), and the absolute number and rate 

of infection was the highest. There were 242 (13.3%) dia-

betic patients, 455 (25.0%) smokers and 80 (4.4%) open 

fractures. Of the 35 infected patients, nine (25.7%) were 

female and five (14.0%) were upper extremity fractures. 

Three (8.6%) were diagnosed with diabetes and eight 

(22.8%) were smokers. Thirteen patients (37.1%) had ISS 

less than 9 and six patients (17.1%) had ISS 15 or more 

(Table 1) [10,11].

Of 80 patients with open fracture, 29 patients were 

identified with Gustilo-Aderson classification 3b or more. 

Among them, infection occurred in nine (31.0%). Of 12 

patients who developed open fracture, three patients had 

primary closure, four patients had flap, five patients had 

skin graft, but one case failed and finally flap was per-

formed (Table 2).

Only the presence of open fracture was confirmed as 

a risk factor in both the linear logistic regression analysis 

and were logistic regression analyzed individually after 

propensity scores matching. The anatomical site of the 

fracture and ISS were considered to be correlated to some 

degree but it did not have statistical power meaning. Sex, 

age, diabetic mellitus (DM), and smoking were found to 

be less related to infection (Tables 1, 3).

DISCUSSION

There is no sufficient study on infection after fixation in 

fracture metal. Most of them are inferred to 1-4% level 

based on the result of infection after artificial joint sur-

gery. Most of the risk factors for infection were confirmed 

in the artificial joint surgery field or in other anatomical 

region operations [12-16]. Infection after fracture surgery 

is not the most frequent complication of fracture surgery 

but sequelae due to complications may be the serious 

[17,18]. However, in the case of fracture surgery, the sur-

gical team is decided according to the anatomical classifi-

cation, not the specialized trauma team in most medical 

institutions. Infection after fracture surgery is also being 

performed most often by orthopedic practitioners who 

are not experts in fracture trauma who have experience of 

osteomyelitis. Although the infection progressed to osteo-

myelitis due to failure to treat infection, only antibiotics 

were used without appropriate treatment and patients 

were often left unattended. It is a reality in Korea that 

limited research has been done due to the relatively low 

level of interest.

Unlike surgery in other orthopedic areas, fracture sur-

gery should take into account the energy impairment 

experienced by the patient at the time of injury. In other 

elective surgeries, there are no additional injuries other 

than surgical damage, but this is not the case with frac-

ture surgery. Our results also showed that open fractures, 

Fig. 1. Propensity scores matching (before and after).
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which can represent the degree of injury at the time of 

injury, were more significant risk factors than DM, smok-

ing, age, and sex factors. It can be interpreted that the lev-

el of energy at the time of injury is absolutely important 

in the occurrence of infection in fracture surgery and that 

the risk of relatively known risk factors for elective sur-

gery is not effected.

The ISS score is a representative evaluation tool for the 

initial evaluation of the trauma patients desired in the 

emergency room. Recently, the ISS score is widely used 

as an initial evaluation tool in trauma center operation 

hospitals. However, there is no definite report on the 

significance of ISS score in trauma fracture patients [6]. 

This study began with the ISS score as a tool for assess-

ing the degree of severity of a patient and believed that 

there would be a statistical association with the incidence 

of infection that is known to be highly related to sever-

ity of injury in the prognosis of fracture [1,19,20]. But, 

Table 2. Incidence of infection by GA classification

Value

GA 1 0/21 (0.0)

GA 2 2/18 (11.1)

GA 3a 1/12 (8.3)

GA 3b 9/26 (34.6)

GA 3c 0/3 (0.0)

Sum 12/80 (15.0)

Values are presented as number (%).
GA: Gustilo-Anderson classification.

Table 1. Data characteristic and logistic regression analysis (n=1,818)

Whole group (n=1,818) Infection group (n=35) Odds ratio Significance (p)

Sex 0.591 0.228

Male 935 (51.4) 26 (74.3)

Female 883 (48.6) 9 (25.7)

Age 3.247 0.874

0-19 88 (4.8) 1 (2.9)

20-29 155 (8.5) 6 (17.1)

30-39 164 (9.0) 4 (11.4)

40-49 211 (11.6) 2 (5.7)

50-59 309 (16.9) 9 (25.7)

60-69 305 (16.8) 6 (17.1)

70-79 343 (18.9) 6 (17.1)

≥80 243 (13.4) 1 (2.9)

Open Fx (GA 3b) 80 (4.4) 12 (34.3) 13.880 0.000

Fracture site 2.487 0.069

Upper extremity 516 (28.4) 5 (14.3)

Lower extremity 1,302 (71.9) 30 (85.7)

DM 242 (13.3) 3 (8.6) 0.606 0.646

Smoking 455 (25.0) 8 (22.9) 0.888 0.824

ISS 1.035 0.133

ISS <9 1,010 (55.6) 13 (37.1)

9≤ ISS <15 697 (38.3) 16 (45.7)

ISS ≥15 111 (6.1) 6 (17.1)

Values are presented as number (%).
Fx: fracture, GA: Gustilo-Anderson classification, ISS: injury severity score.
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the AIS 2005: update 2008 ISS score used in this study is 

different from the score depending on whether there is 

open fracture or closed fracture, but it is not specific and 

it is limited to evaluate the damage of multiple fracture 

patients. Our results also showed that ISS was not statis-

tically related to infection occurrence, which is one of the 

typical morbidity after fracture surgery. The ISS has the 

advantage of evaluating not only orthopedic areas but also 

other related problems, but there are limitations in ortho-

pedically expressing multiple fractures, anatomical areas, 

and specific soft tissue injuries. However, the abbreviated 

injury scale (AIS) has been specifically coded for the an-

atomical site and the type of soft tissue injury. The com-

plications of fracture surgery include not only infection 

but also nonunion and functional impairment. Infection 

is one of the various morbidity and risk factors for mor-

bidity, which may occur after fracture surgery. We should 

consider the development of a score summation system 

Table 3. Logistic regression analysis performed after propensity scores matching (n=70)

Non-Infection group (n=35) Infection group (n=35) Odds ratio Significance (p)

Sex 1.000 1.000

Male 26 (74.3) 26 (74.3)

Female 9 (25.7) 9 (25.7)

Age 4.532 0.062

0-19 0 (0) 1 (2.9)

20-29 1 (2.9) 6 (17.1)

30-39 3 (8.6) 4 (11.4)

40-49 3 (8.6) 2 (5.7)

50-59 9 (25.7) 9 (25.7)

60-69 10 (28.6) 6 (17.1)

70-79 7 (20.0) 6 (17.1)

≥80 2 (5.7) 1 (2.9)

Open Fx 3.692 0.048

Open 12 (34.3) 12 (34.3)

Not-open 23 (65.7) 23 (65.7)

Fracture site 0.774 0.721

Upper extremity 5 (14.3) 5 (14.3)

Lower extremity 30 (85.7) 30 (85.7)

DM 1.000 1.000

DM 5 (14.3) 3 (8.6)

Non-DM 30 (85.7) 32 (91.4)

Smoking 0.501 0.191

Smoking 12 (34.3) 8 (22.9)

Non-smoking 23 (65.7) 27 (77.1)

ISS 1.015 0.708

ISS <9 13 (37.1) 13 (37.1)

9≤ ISS <15 17 (48.6) 16 (45.7)

ISS ≥15 5 (14.3) 6 (17.1)

Values are presented as number (%).
Fx: fracture, DM: diabetic mellitus, ISS: injury severity score.
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that can properly express orthopedic complications and 

treatment results based on the existing AIS coding.

The limitations of our study are limited in the reliability 

of the results of the study analysis due to the small num-

ber of patients in the 35 infected patients who developed 

in 3 years. The average incidence rate of infected patients 

is about 1 to 4%, and there is a limit to collect infection 

cases in one team. In addition, factors such as operative 

time, bleeding volume, wound morphology, open frac-

ture site microorganisms, time to first operation after in-

jury and other factors known as risk factors for infection 

are needed for analysis. If sufficient cases are collected, 

identification of the characteristics of infection by age and 

anatomical classification should also be performed.

CONCLUSION

Unlike surgery in other orthopedic areas, the predicting 

factors for infection in fracture patients were found to be 

significantly influenced by open fracture rather than the 

underlying disease or anatomical features of the patient. 

However, only the correlation with simple open fracture 

has been confirmed. Therefore, further studies on the 

cause of open fracture and the mechanism of open frac-

ture are necessary to determine the risk of infection. In 

the case of ISS, it is considered that there is a limitation 

on the appropriate morbidity assessment in orthopedic 

fracture area, and it is necessary to develop a new scoring 

system that can appropriately approach the morbidity of 

fracture trauma patients.
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