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Abstract

Considering the high incidence of postoperative complications of open frac-

ture, management of this injury is an intractable challenge for orthopaedist,

and surgical site infection (SSI) is the devastate one. Screening for high-risk

patients and target them with appropriate interventions is important in clinical

practice. The aim of this study was to identify modifiable factors that were

associated with SSI following operative treatment of open fractures. This retro-

spective, multicentre study was conducted at three hospitals. A total of 2692

patients with complete data were recruited between June 2015 and July 2018.

Demographic characteristics, operation relative variables, additional com-

orbidities, and biochemical indexes were extracted and analysed. Receiver

operating characteristic analysis was performed to detect the optimum cut-off

value for some variables. Univariate and multivariate logistic analysis models

were performed, respectively, to identify the independent risk factors of SSI.

The overall incidence of SSI was 18.6%, with 17.0% and 1.6% for superficial

and deep infection, respectively. Results of univariate and multivariate ana-

lyses showed the following: fracture type, surgical duration > 122 minutes,

anaesthesia time > 130 minutes, intraoperative body temperature < 36.4�C,
blood glucose (GLU) > 100 mg/dL, blood platelet (PLT) < 288 × 109, and

white blood cells (WBC) > 9.4 × 109 were independent risk factors of postoper-

ative wound infection following operative treatment of open fractures.

Six modifiable factors such as surgical duration > 122 minutes,

anaesthesia time > 130 minutes, intraoperative body temperature < 36.4�C,
GLU > 100 mg/dL, PLT < 288 × 109, and WBC > 9.4 × 109 play an important

role in the prevention of SSI, and these factors should be optimized

perioperatively.
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1 | INTRODUCTION

A majority of open fractures are caused by high-energy
trauma, and management of open fracture is an intracta-
ble challenge for orthopaedist since the soft tissue

envelope in consecutive wound exposes the fracture
haematoma to contamination.1 Surgical site infection
(SSI) is a feared complication and most often requiring
surgical revision, and infection is a common cause of
nonunion and loss of function following open fractures.2
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About 0% to 70% of open fractures are contaminated with
bacteria at the time of trauma.3 Regarding economic
costs, previous studies reported that mean hospital inpa-
tient costs in the 3- to 6-month time period were higher
in infectious cases following open fracture of lower
extremity, and SSI account for 17% of nosocomial infec-
tions and cost between US $1 and 10 billion in direct and
indirect medical expenses annually in the United States.4

At present, studies on the epidemiological characteristics
of open fracture are still rare, and most of them have
focused on the specific sites of the body (such as tibial
plateau, upper limb, and lower limb).2,5-7 However, deep
understanding of the feature of SSI and identification of
the associated risk factors could be of significant impor-
tance for the estimation of patients at risk and in optimi-
sation of the perioperative treatment strategy. Moreover,
screening for patients with high-risk infections and
targeting them with appropriate interventions are more
cost-effective.

FIGURE 1 Cut-off value of anaesthesia time, RBC, and surgical duration identified by the ROC analysis. RBC, red blood cell; ROC,

receiver operating characteristic

Key Messages

• this is a retrospective and multicentre study
• incidence rate of surgical site infection was
18.6% following operative treatment of open
fractures

• receiver operating characteristic curve was per-
formed to detect the optimum cut-off value for
quantitative data

• fracture type, surgical duration > 122 minutes,
anaesthesia time > 130 minutes, intraoperative
body temperature < 36.4�C, blood glucose
> 100 mg/dL, blood platelet < 288 × 109, and
WBC > 9.4 × 109 were independent risk factors
of postoperative wound infection
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Given that, we designed this study to retrospectively
analyse the incidence of SSI in adult patients following
operative treatment of open fracture and to identify prog-
nostic risk factors, especially the modifiable variables,
which were associated with postoperative wound
infection.

2 | MATERIAL AND METHODS

2.1 | Study design

This study was designed as retrospective and multicentre,
and it was conducted at three level I hospitals from June
2015 to July 2018. After being approved by the Ethics
Committee of all the participant hospitals, data of
patients 18 years or older who underwent operative treat-
ment for open fracture were extracted and collected from
the electronic medical records (EMRs) by three well-
trained investigators. The exclusion criteria were (a) soft
tissue injury without fracture; (b) open fracture with
amputation; (c) open fracture with conservative treat-
ment (debridement combined with skin or skeletal trac-
tion; plaster immobilisation or thermoplastic plate
brace); (d) patients younger than 18 years. All the
enrolled patients were followed up for any evidence of
SSI occurrence via telephone assessment, interview, and
collection of medical records when they discharged from
hospital.

2.2 | SSI definition

Definition of SSI was based on the criteria of the United
States Centers for Disease Control and Prevention.8

According to this classification system, SSI was categorised
into three types: (a) superficial incisional; (b) deep soft tis-
sue of the incision; (c) organ/space infection. Superficial
SSI, defined as infection occurring within 30 days postoper-
ative, involves the skin and subcutaneous tissue of the sur-
gical site only; one or more symptoms are observed:
redness, swelling, and pain of the incision; purulent dis-
charge; spontaneous wound dehiscence; and positive results
of bacterial culture. Deep wound infection is defined as
infection that occurs within 90 days postoperative and
involves the fascial and muscular layer.

2.3 | Data collection and definition of
variables

About 70 interesting variables were included in this study
to describe a clear picture for the epidemiological

characteristic and prognostic risk factors of SSI after open
fracture. These variables were divided into five aspects.
Demographic variables included age, gender, occupation,
residential status (rural, urban), cigarette consumption,
and body mass index (BMI); BMI was divided into six
groups according to the Chinese reference criteria: <18.5,
underweight; 18.5 to 23.9, normal; 24 to 27.9, overweight;
28 to 31.9, obesity; ≥32, morbid obesity. Characteristics of
fracture included injured site (such as upper extremity,
spine, pelvis and acetabulum, lower extremity), fracture
type (Gustilo-Anderson Classification; I, II, IIIA, IIIB,
and IIIC), and injury causes (high- or low-energy
trauma). Operation-related variables included time to
surgery (from initial injury to the start of surgery), fixa-
tion method (internal or external fixation), surgeons'
experience (chief, associate chief, attending), intero-
perative blood loss, interoperative blood transfusion
(autotransfusion or allogenic blood transfusion), surgical
duration, anaesthetic type (intrathecal, general, and com-
bination), anaesthesia time, interoperative body tempera-
ture (the lowest temperature during operation),
fluoroscopy times, pre- and intro- and postoperative
intravenous antibiotics (protocol of administration of
antibiotics from the beginning and postoperative treat-
ment is the same in the three hospitals), drainage usage
and type (tube, strip, or negative pressure suction device),

TABLE 1 Cut-off values of variables identified by the ROC

analysis

Variables
Cut-off
value AUC 95% CI

Age (year) 40 0.532 0.503-0.560

Length of hospital stay
(day)

32 0.786 0.756-0.816

Surgical duration (minute) 122 0.629 0.594-0.664

Intraoperative body
temperature (�C)

36.4 0.537 0.508-0.566

WBC (109/L) 9.4 0.545 0.505-0.585

BMI (kg/m2) 23 0.532 0.504-0.560

GLU (mg/dL) 100 0.544 0.505-0.583

TP (g/L) 68.9 0.541 0.500-0.581

Intraoperative blood loss
(ml)

320 0.510 0.501-0.539

PLT (109/L) 288 0.533 0.504-0.562

RBC (1012/L) 3.82 0.538 0.509-0.567

HGB (g/L) 146 0.546 0.506-0.585

Serum ALB (g/L) 40 0.558 0.519-0.598

Abbreviations: ALB, albumin; AUC, area under the curve; BMI, body mass
index; GLU, blood glucose; HGB, haemoglobin; PLT, blood platelet; RBC,
red blood cell; ROC, receiver operating characteristic; TP, total protein;

WBC, white blood cell.
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and length of hospital stay. Cleanliness of operating room
was classified into four levels (class 100, 1000, 10 000,
and over 100 000), and based on the bacterial quantity
per square meter (m2) and the American Society of Anes-
thesiologists (ASA, I-IV) classification system,9 evalua-
tion of the patients' physical status and tolerance to
surgery were performed. Additional comorbidities of
patients included: diabetes mellitus, hypertension, cardio
or cerebrovascular disease, rheumatoid disease, liver and
kidney disease, chronic respiratory diseases, anaemia,
tumour (benign or malignant), and immune system dis-
ease. Preoperative laboratory indexes (24 hours within
hospitalisation) included white blood cell (WBC), neutro-
phil granulocyte (NEUT), lymphocyte (LYM), monocyte
(MON), eosinophil granulocyte (EOS), basophilic granu-
locyte (BAS), red blood cell (RBC), haemoglobin (HGB),
blood platelet (PLT), serum total protein (TP), albumin
(ALB), globulin (GLOB), blood glucose (GLU), and elec-
trolyte (K+, Na+, Cl+, Ca+, P+, and Mg+).

All enrolled patients were divided into two groups
according to the occurrence of SSI. The case group was
defined as patients with SSI, and the control group
included patients who were not suffered from infection.
All the data mentioned earlier were extracted and col-
lected by three well-trained investigators.

2.4 | Statistical analysis

Whitney U test was used for non-normally distributed con-
tinuous variables and t test for normally distributed vari-
ables. Receiver operating characteristic (ROC) analysis was
performed to detect the optimum cut-off value for continu-
ous variables (such as age, surgical duration, anaesthesia
time, intraoperative blood loss, and body temperature). Fac-
tors demonstrated to associate with the occurrence of SSI in
univariate analysis were entered into the multivariable
logistic analysis to identify independent predictors of SSI. A
stepwise backward elimination approach was used to
exclude confounding covariates from the final multivariate
model, and a P value less than .05 was considered to be sta-
tistically significant. The Hosmer-Lemeshow test was used
to evaluate goodness of fit of the final model, and an accept-
able fitness was enacted as P > .05. All statistical procedures
were performed by using the SPSS 19.0 software package
(SPSS Inc., Chicago, Illinois).

3 | RESULTS

During the 37-month investigation period, 105 patients
were lost (3.8%); therefore, 2692 patients with complete

TABLE 2 Relationship between interesting factors and SSI

after operative treatment of open fracture

Variables

SSI
(n = 501,
18.6%)

No SSI
(n = 2191,
81.4%) P value

Age > 40 (years) 268 (53.5) 1052 (48.0) .011a

Fracture type
(Gustilo-Anderson
III)

126 (25.1) 499 (22.8) .000a

Cigarette consumption 123 (24.6) 400 (18.3) .109

Injured site (lower
extremity)

148 (29.5) 663 (30.3) .378

Gender (male) 392 (78.2) 1635 (74.6) .332

Surgeon experience
(attending)

271 (54.1) 997 (45.5) .005a

BMI < 23 kg/m2 189 (37.7) 1041 (47.5) .200

Diabetes mellitus 28 (5.6) 148 (6.8) .375

Hypertension 70 (14.0) 266 (12.1) .306

Anaemia 3 (0.6) 4 (0.2) .299

Length of hospital stay
(>32d)

50 (10.0) 286 (13.1) .013a

Surgical duration
(>122 minutes)

118 (23.6) 579 (26.4) .037

Anaesthesia time
(>130 minutes)

193 (38.5) 975 (44.5) .010

Intraoperative blood
loss (320 mL)

31 (6.2) 171 (7.8) .170

ASA score (III-IV) 32 (6.4) 151 (6.9) .063

Intraoperative body
temperature
(<36.4�C)

319 (63.7) 1570 (71.7) .002a

Cleanliness of operating
room

.973

Drainage usage 131 (26.1) 540 (24.6) .182

Erythrocyte count
(RBC < 3.82 ×
1012/L)

78 (15.6) 254 (11.6) .055

TP (<68.9 g/L) 265 (52.9) 1324 (60.4) .003a

ALB (<40 g/L) 88 (17.6) 464 (21.2) .852

GLOB (<24.1) 176 (35.1) 968 (44.2) .006a

Leukocyte count
(WBC < 9.4 × 109/L)

168 (33.5) 594 (27.1) .009a

HGB (<146 g/L) 319 (63.7) 1512 (69.0) .721

GLU (>100 mg/dL) 224 (44.7) 814 (37.2) .003a

PLT (<288 × 109/L) 425 (84.8) 1728 (78.9) .008a

Abbreviations: ALB, albumin; ASA, American Society of Anaesthesiologists;

BMI, body mass index; GLOB, globulin; GLU, blood glucose; HGB,
haemoglobin; PLT, blood platelet count; RBC, red blood cell; TP, total
protein; SSI, surgical site infection; WBC, white blood cell.
aSignificant variables.
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data were included in the final analysis, with a mean
follow-up time of 26.2 ± 14.7 months (ranging
13-48 months). There were 2027 males and 665 females
of the study sample and their mean age was 42.0
± 13.2 years (18-96 years). There were 1903 injury cases
located in the upper limb, 1066 cases in the lower limb,
and 87 in pelvis and acetabulum. Among the 2692
patients, 678 (25.2%) were of type I: 1254 (46.6%) were of
type II; 509 (18.9%) were of type IIIA, 138 (5.1%) were of
type IIIB, and 113 (4.2%) were of type IIIC, according to
the Gustilo-Anderson classification system of open frac-
ture. A total of 1870 patients undergone open reduction
and internal fixation and 822 patients were treated with
an external fixator.

Totally, 501 patients were diagnosed as surgical site
infection, indicating a cumulative incidence of 18.6%.
Of them, 459 were with superficial SSI and 42 patients
suffered from deep infection, with an incidence rate of
17.0% and 1.6% for superficial and deep SSI, respec-
tively. Infection occurred in 45 (6.6%) of the 678 type I,
164 (13.1%) of the 1254 type II, and 292 (38.4%) of the
760 type III open fracture wounds. Mean length values
of hospital stay for SSIs and no-infection patients were
36.2 and 16.2 days, respectively, and the difference was
statistically significant (P = .000). The earliest and lat-
est occurrence of SSI was, respectively, 3 and 71 days
postoperatively for the infectious patients after
operative treatment of open fracture. Microorganism
examination results showed that Enterococcus
faecalis was the most common pathogenic bacteria,
followed by Pseudomonas aeruginosa, Staphylococcus
aureus, Acinetobacter baumannii, and Staphylococcus
epidermidis.

ROC analysis was performed to identify the optimum
cut-off value for age, BMI, surgical duration,

interoperative blood loss, body temperature, HGB, and
other biochemical indexes (Figure 1). The area under the
curve (AUC), their corresponding 95% confidence inter-
val, and the optimum cut-off value for these variables are
presented in Table 1. Demographic data, perioperative
characteristics, and preoperative biochemical indexes of
the two groups are presented in Table 2. Of the 27 risk
variables listed, 12 factors have been demonstrated to be
associated with SSI, these variables included
age > 40 years (OR = 1.30; 95% CI, 1.06-1.59), fracture
type (OR = 1.86; 95% CI, 1.58-2.18), experience of sur-
geon (OR = 1.15; 95% CI, 1.05-1.27), cleanliness of oper-
ating room (OR = 1.34; 95% CI, 1.09-1.66), surgical
duration >122 minutes (OR = 1.79; 95% CI, 1.46-2.28),
anaesthesia time > 130 minutes (OR = 1.31; 95% CI,
1.07-1.61), interoperative body temperature < 36.4�C
(OR = 1.40; 95%, 1.13-1.73), length of hospital stay
>32 days (OR = 1.51; 95% CI, 1.09-2.10), WBC > 9.4 × 109

(OR = 1.34; 95% CI, 1.08-1.66), PLT < 288 × 109

(OR = 1.45; 95% CI, 1.10-1.91), TP < 68.9 g/L (OR = 1.37;
95% CI, 1.11-1.67), GLU > 100 mg/dL (OR = 1.36; 95%
CI, 1.11-1.67).

All of the 12 prognostic risk factors were entered into
the multivariable analysis model for adjustment. The
results showed that fracture type (OR = 3.18; 95% CI,
2.67-5.39; P = .000), operative duration >122 minutes
(OR = 2.52; 95% CI, 2.03-4.23; P = .006), anaesthesia
time > 130 minutes (OR = 1.43; 95% CI , 1.13-1.81;
P = .003), interoperative body temperature < 36.4�C
(OR = 1.98; 95% CI, 1.42-2.76; P = .000), WBC >9.4 × 109

(OR = 1.36; 95% CI, 1.08-1.72; P = .010), PLT < 288×109

(OR = 1.51; 95% CI, 1.13-1.67; P = .005), GLU > 100 mg/
dL (OR = 2.06; 95% CI, 1.20-3.21; P = .002) were inde-
pendent risk factors of postoperative SSI (Table 3). The
result of Hosmer-Lemeshow test demonstrated a prefera-
ble fitness (X2 = 14.746; P = .064).

4 | DISCUSSION

In the present study, we have characterised surgical site
infection following operative treatment in open fracture.
The incidence rate of SSI after the surgery of open frac-
tures was 18.6%, with 17.0% and 1.56% for superficial SSI
and deep infection, respectively. More importantly, seven
risk factors were identified to be associated with SSI,
namely, fracture type, surgical duration, anaesthesia
time, intraoperative body temperature, the level of blood
glucose, and platelet and leukocyte count. Among the
seven mentioned predictors, six risk factors were approxi-
mately modifiable, and we have observed their significant
role in protecting patients against postoperative wound
infection.

TABLE 3 Multivariate analysis of prognostic risk factors of SSI

following open fracture

Variable
Odds
ratio 95% CI

P
value

Fracture type 3.18 2.67-5.39 .000

Surgical
duration > 122 minutes

2.52 2.03-4.23 .006

Anaesthesia
time > 130 minutes

1.43 1.13-1.81 .003

Body temperature < 36.4�C 1.98 1.42-2.76 .000

GLU > 100 mg/dL 2.06 1.20-3.21 .002

PLT < 288 × 109 1.51 1.13-1.67 .005

WBC > .4 × 109 1.36 1.08-1.72 .010

Abbreviations: GLU, blood glucose; PLT, blood platelet count; WBC, white

blood cell.
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Guistilo and Anderson's original classification of open
fracture wounds based on the extent of soft-tissue injury
was used to categorise the fracture.10 According to the
definition of Guistilo and Anderson's classification sys-
tem, types I and II included an open fracture with a
wound less or more than 1 cm long and without exten-
sive soft-tissue damage or flaps, or avulsions. Type III
open fracture included open segmental fractures and
fractures with extensive soft-tissue damage, flaps or avul-
sions, and fractures with associated vascular or neuro-
logic injuries requiring repair. The incidence rate of
postoperative SSI has been reported to be ranging from
0% to 2% for type I fractures, from 2% to 10% for type II
fractures, and from 10% to 50% for type III fractures.10,11

In this study, incidence rates of SSI for grades I and II
were 1.7% and 6.1%, respectively. Among the 760 type III
open fracture, 10.8% (292 patients) were suffered from
superficial or deep wound infection. For major type I and
type II open fractures, immediate fixation of the fracture
and primary closure of the wound could be performed
after resuscitation, irrigation, and debridement. However,
soft tissue procedure (skin graft or flap) was often needed
in the management of type III fracture, which usually
accompanied by contaminated even infected wounds.12

Generally, the increase in infection rate is associated with
the transition from grade I to grade III of open fracture in
patients following operative treatment, owing to the
extensive damage in bone and soft tissue, more surgical
procedure, and prolonged operative time.

In this study, surgical duration > 122 minutes and
anaesthesia time > 130 minutes were confirmed to
increase the risk of SSI by 2.52 and 1.43 times, respec-
tively. Generally, surgical duration and anaesthesia time
were significant markers of adverse physiological condi-
tion, severity of open fracture, technical difficulty, more
extensive soft stripping, and exposure of the wounds. It
has been reported that the risk of SSI increased approxi-
mately 78% with every extra hour of surgical duration in
tibial plateau fractures.13 With the increase of surgical
duration, exposure time of surgical incision and deep tis-
sues to the airborne pathogenic bacteria will increase cor-
respondingly, and immunity of human body to
microorganism will be compromised. Therefore, well-
experienced and highly skilled orthopaedists along with a
tacitly cooperative surgical team play a definitive role in
shortening operative time and subsequently reducing the
incidence rate of SSI. In a large-scale observational study,
2.5% patients in the 3909 hip or knee arthroplasties were
diagnosed as periprosthetic joint infection, and the
authors found several aesthetic agents that were com-
monly used in general anaesthesia and may significantly
inhibit leukocyte chemotactic migration, phagocytosis,
lymphocyte function, inflammation, or even directly

support bacterial growth in the case of contamination14;
moreover, the tissue oxygenation might reduce with the
prolongation of anaesthesia time. This result suggested
that nerve block and spinal anaesthesia should be the
first choice in the procedure of fracture fixation and soft
tissue reconstruction in open fracture.

Body temperature is vital in maintaining normal
human activities, and it has been reported that hypother-
mia occurs when the core temperature of an organism is
<36.0�C, commonly affecting up to 70% of surgical
patients perioperatively.15 Kurz et al16 observed that the
incidence of SSI increased 3-fold when a patient's body
temperature is 2�C lower than the normal temperature.
According to the results of our study, intraoperative body
temperature lower than 36.4�C would increase the risk of
SSI by 1.98 times in open fracture. Interoperative use of
anaesthetic agents and intravenous solutions, especially
multiple application of cold irrigation in debridement of
open fractures, was due to low body temperature in
anaesthetic-surgical procedures. Hypothermia can lead to
dysfunction of coagulation and contraction of vasculature
around surgical site, this circumstance will compromise
the immunity of tissue to pathogenic microorganism, and
the underlying mechanism of low temperature affecting
immune response has been reported.17 However, inadver-
tent intraoperative hypothermia is common but prevent-
able adverse event. Various reliable body heat-regulating
systems have been designed and developed with an aim
to maintain an adequate body temperature. A pilot
randomised controlled clinical study18 prospectively rec-
ruited 62 patients who underwent thoracic surgery or hip
replacement surgery, and the authors demonstrated that
the volume of blood loss was more in the passive
warming group than in the active warming group
(682 ± 426 mL vs 464 ± 324 mL). Our findings highlight
the significance of intraoperative body temperature
maintained in the prevention of severe complications in
open fracture patients.

Preoperative biochemical indexes are of great signifi-
cance in the evaluation of physical condition for trau-
matic patients. Many studies have demonstrated that
serum albumin,19 fast blood glucose,20 and other specific
laboratory markers21,22 as independent risk factors of SSI.
Diabetes mellitus has an adverse effect on the process of
wound healing, and this variable will increase the risk of
SSI in surgical patients significantly. Unlike previous
research studies, we found GLU > 100 mg/dL rather
than diabetes mellitus was a predictor of infection, and
patients with GLU > 100 mg/dL were at twice the risk of
SSI when compared with those with a normal level of
blood glucose in this study. In clinical practice, emer-
gency surgeries were needed for patients with open frac-
ture, and GLU was routinely measured within
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preoperative 24 hours; therefore, GLU could better reflect
the status of glycaemic level than the history of diabetes
mellitus. Haematoma formation was also associated with
an increased risk of superficial and deep infection in
orthopaedic surgery.23 Cheung et al24 reported a high
incidence rate of infection in shoulder arthroplasty
patient who underwent reoperation for haematoma for-
mation. Blood platelet (PLT) count plays a crucial role in
haemostasis, in the present study, PLT < 288 × 109/L
was an independent risk factor for wound infection.
Patients with a low level of blood platelet were prone to
forming haematoma, and the collection of fluids in surgi-
cal incision provides pabulum for bacterial growth and
impairs wound healing by increasing wound tension and
reducing tissue perfusion.25

White blood cell is a sensitive indicator in the
human body; therefore, the increase of leukocyte count
in blood is often regarded as the one of the diagnostic
criteria of SSI. An interesting finding was that preopera-
tive WBC >9.4 × 109 was identified as the risk factor for
SSI in our study; however, the outcome was weak
(P = 1.36). We believe this finding was not difficult to
explain: patients that were critically injured and accom-
panied by contaminated wounds were prone to having
severe stress reactions, and this condition would result
in a higher level of preoperative leukocyte. Although
the bacteria may be in a stage of rapid reproduction, the
white blood cells were only slightly elevated due to the
decline of the body's immune response, and the risk of
SSI for these patients would increase substantially.
Therefore, the high level of leukocyte may be a sign of
severe injury and suspicious infection for open fracture
patients.

The present study had several strengths: it evaluated
the association between both clinical variables, labora-
tory indexes and open fracture in a large population.
Among these continuous variables, ROC analysis was
performed to detect a highly sensitive cut-off value. A fig-
ure of modifiable factors such as operating
time > 107 minutes, serum albumin < 41.6 g/L, and
BMI > 26.6 kg/m2 were clearly demonstrated by this
investigation. However, some particular limitations of
our study should be recognised. Firstly, retrospective
study inevitably inherits the selective bias; secondly,
some infected patients were identified via telephone
review after being discharged from hospital and the inci-
dence rate of SSI may be underestimated.

5 | CONCLUSION

In summary, the overall incidence of SSI for open frac-
tures following operative treatment was 18.6%. Multiple

operation relative variables and patients' factors were
identified to have association with increased risk of SSI,
and these factors included fracture type, surgical
duration > 122 minutes, anaesthesia time > 130 minutes,
and intraoperative body temperature < 36.4�C. Three of
the biochemical indexes, namely GLU > 100 mg/dL,
PLT < 288 × 109, and WBC > 9.4 × 109, were demon-
strated to be independent risk factor of infection. These
variables would play a significant role in reducing the
incidence of SSI in open fractures, and orthopaedist could
consider choosing prophylactic procedures once the
patients were under risk.
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