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Abstract
Backgroud: The aim of this study was to investigate the risk factors related to surgical site infection (SSI)
secondary to spinal internal �xation via the posterior approach.

Methods: Patients who had undergone spinal internal �xation via the posterior approach at the spinal
center of our hospital from January 2004 to December 2019 were selected in this cross-sectional study.
Information about age, sex, body mass index (BMI), fused segment, hemoglobin concentration, serum
albumin concentration, surgical duration, surgery beginning time, allogeneic blood transfusion, combined
diabetes, peak blood glucose 72 h postoperatively ≥12 mmol/L, smoking history, and blood loss were
included. The factors related to SSI were analyzed using univariate and multivariate analyses. P < 0.05
was considered to indicate statistical signi�cance.

Results: Among the 4,350 patients, 66 had SSI, with an infection prevalence of 1.5%. The subjects
included 37 men and 29 women (age range, 22–84 y; average age, 47.4 ± 12.8 y). Univariate analysis
showed that sex, BMI, fused segment, surgery beginning time, allogeneic blood transfusion, and smoking
history were not correlated to infection (P > 0.05). However, age >60 y, surgical duration >3 h, serum
albumin concentration <30 g/L, hemoglobin concentration <80 g/L, combined diabetes, peak blood
glucose 72 h postoperatively ≥12 mmol/L, and blood loss >1,000 mL were correlated with infection (P <
0.05). Multivariate logistic regression analysis demonstrated that age >60 y, surgical duration >3 h,
hemoglobin concentration <80 g/L, serum albumin concentration <30 g/L, combined diabetes, and blood
loss >1,000 mL were signi�cantly correlated with SSI secondary to spinal internal �xation via the
posterior approach.

Conclusion: This study provides information on SSI secondary to spinal internal �xation via the posterior
approach. We found that age >60 y, surgical duration >3 h, hemoglobin concentration <80 g/L, serum
albumin concentration <30 g/L, combined diabetes, and blood loss >1,000 mL are directly correlated with
SSI secondary to spinal internal �xation via the posterior approach. These �ndings may contribute to
discussions and actions that may help to reduce SSI secondary to spinal internal �xation via the posterior
approach in the short or medium term.

Background
Spinal internal �xation via the posterior approach is a commonly used surgical method for degenerative
spinal diseases and spinal fractures in the clinical setting. However, the internal �xture implanted in the
human body is a foreign body that increases the postoperative incidence of surgical site infection (SSI).
At present, SSI is clinically de�ned as surgery-related infection within 1 year of internal �xation, including
super�cial infection, deep infection, and interstitial infection of organs and tissues [1]. Studies [2, 3] have
shown that the prevalence of SSI secondary to spinal internal �xation via the posterior approach is about
0.7–12%. For some patients undergoing spinal internal �xation via the posterior approach and fusion, the
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internal �xtures need to be removed before the �xed segment meets the fusion standards because of
severe infection, leading to the secondary loss of spinal stability.

In China, especially in Northwest China, due to the limited medical resources, infection after spinal
surgery increases the economic burden on patients and cause severe physical and psychological trauma
to patients [4, 5]. Moreover, there is limited information about the risk factors related to SSI secondary to
spinal internal �xation via the posterior approach in China. Understanding the speci�c factors of SSI
secondary to spinal internal �xation via the posterior approach is important for helping in the prevention
of postoperative spinal infection and can support hospitals and the government to improve the current
situation of infection secondary to spinal internal �xation via the posterior approach. In this study, we
aimed to observe the factors related to SSI secondary to spinal internal �xation via the posterior
approach in order to provide a certain reference for the clinical prevention of surgical incision infection
and to evaluate the demographic and clinical characteristics of patients.

Patients And Methods

Study participants
In this cross-sectional study, we collected the clinical data of patients who were undergoing spinal
internal �xation via the posterior approach at the spinal center of our hospital and were diagnosed with
postoperative spinal infection based on clinical manifestations (body temperature change, pain at
surgical area, incision change), imaging examination (magnetic resonance imaging), laboratory
examinations [routine blood test, c reactive protein(CRP), erythrocyte sedimentation rate (ESR)] and
bacteriological culture. The following inclusion criteria were also applied: (1) postoperative follow-up of
>1 y, (2) availability of complete imaging and laboratory data, and (3) residence in Northwest China. As
per the exclusion criteria, (1) patients with malignant spinal tumors, (2) patients without internal �xation,
(3) patients with primary spinal infection, (4) patients with a previous history of spinal surgery and spinal
tuberculosis, and (5) patients with abnormal immune systems were excluded. The study protocol was
approved by the ethics review committee of Shaanxi Provincial People’s Hospital (No. 2020-0127). All the
patients provided written informed consent for the use and publication of data for research purposes. We
con�rm that all methods have been performed according to the relevant guidelines and regulations.

Data collection
These data were collected by trained personnel from Shaanxi Provincial People’s Hospital between
January 2004 and December 2019 under the guidance of the �rst author. The demographic data and
surgery-related data were recorded. The demographic data of patients were obtained from their medical
records, including age, sex, body mass index (BMI), serum albumin concentration, hemoglobin
concentration, combined diabetes, peak blood glucose 72 h postoperatively >12 mmol/L, and smoking
history. The surgery-related factors included intraoperative allogeneic blood transfusion, number of fused
segments, blood loss, surgical duration, and beginning time of surgery.
Statistical analyses
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Results
A total of 4,350 patients were enrolled in this study, including 2,250 men and 2,100 women, with an age
range of 19–90 y (average age, 45.2 ± 14.7 y). Among the 4,350 patients, 66 had SSI, with a prevalence
rate of 1.5%, including 37 men and 29 women (age range, 22–84 y; average age, 47.4 ± 12.8 y). The
general condition of the patients is shown in Table 1.

 
Table 1

Patient demographics and disease characteristics
Characteristic Patients Postoperative infection

Sex    

Male 2250 37

Female 2100 29

Age (y) 19–90 (45.2 ± 14.7) 22–84 (47.4 ± 12.8)

Posterior cervical approach 134 2

Posterior thoracic approach 1540 22

Posterior lumbar approach 2676 42

Univariate analysis
Univariate analysis showed that sex, BMI, number of fused segments, surgery beginning time, smoking
history, allogeneic blood transfusion, and postoperative drainage duration were not correlated with
infection (P > 0.05). However, age >60 y, surgical duration >3 h, serum albumin concentration <30 g/L,
hemoglobin concentration <80 g/L, combined diabetes, peak blood glucose 72 h postoperatively ≥12
mmol/L, and blood loss >1,000 mL were correlated with infection (P < 0.05, Table 2).

 

The data were processed using SPSS 19.0. The measurement data are expressed as x ± s and analyzed
using the independent sample t-test. The enumeration data are expressed as the number of cases and

analyzed using the χ2 test. Important factors in the univariate and correlation analyses were included in
the stepwise multiple linear regression. P < 0.05 was considered to indicate statistical signi�cance.
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Table 2
Univariate analyses of factors related to SSI secondary to spinal internal �xation via the posterior

approach

  Number of
cases

Number of
infectious cases

Rate of
infection (%)

P

Age (y)        

≤60 2670 26 1.0% P >
0.05

>60 1680 40 2.4% P <
0.05

BMI (kg/m2)        

<30 1689 28 1.7% P >
0.05

25–30 1868 26 1.4% P >
0.05

>30 793 12 1.5% P >
0.05

Number of fused segments        

≤2 2308 38 1.6% P >
0.05

>2 2042 28 1.4% P >
0.05

Beginning time of surgery        

Surgery before 12 PM 2256 32 1.4% P >
0.05

Surgery after 12 PM 2094 34 1.6% P >
0.05

Hemoglobin (g/L)        

<80 1784 32 1.8% P <
0.05

≥80 2566 34 1.3% P >
0.05

Serum albumin (g/L)        

<30 1140 35 3.1% P <
0.05

≥30 3210 31 1.0% P >
0.05
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  Number of
cases

Number of
infectious cases

Rate of
infection (%)

P

Smoking history        

Yes 1883 28 1.5% P >
0.05

No 2467 38 1.5% P >
0.05

Allogeneic blood transfusion        

Yes 2022 32 1.6% P >
0.05

No 2328 34 1.5% P >
0.05

Surgical duration (h)        

>3 1951 41 2.1% P <
0.05

≤3 2399 25 1.0% P >
0.05

Postoperative drainage duration (h)        

≤48 1987 28 1.4% P >
0.05

>48 2363 38 1.6% P >
0.05

Diabetes        

Yes 983 34 3.5% P <
0.05

No 3367 32 1.0% P >
0.05

Peak blood glucose 72 h after
surgery (mmol/L)

       

≤12 3781 47 1.2% P >
0.05

>12 569 19 3.3% P <
0.05

Blood loss (mL)        

≤1000 3777 51 1.4% P >
0.05
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  Number of
cases

Number of
infectious cases

Rate of
infection (%)

P

>1000 573 15 2.6% P <
0.05

Multivariate analysis
Multivariate logistic regression analysis demonstrated that age >60 y, surgical duration >3 h, serum
albumin concentration <30 g/L, hemoglobin concentration <80 g/L, combined diabetes, and blood loss
>1,000 mL were signi�cantly correlated with SSI secondary to spinal internal �xation via the posterior
approach (P < 0.05, Table 3).

 
Table 3

Multivariate logistic regression analysis of factors related to SSI secondary to spinal internal
�xation via the posterior approach

  B Wald P OR 95% CI

Age >60 y 1.096 4.836 0.029 2.98 1.144~7.959

Surgical duration >3 h 2.893 44.356 0.012 11.183 7.764~14.701

Serum albumin concentration (<30 g/L) 1.121 4.998 0.014 3.322 1.368~4.738

Hemoglobin concentration (<80 g/L) 1.11 4.879 0.015 2.998 1.247~6.269

Combined diabetes 2.135 21.191 0.005 4.475 3.355~10.832

Blood loss

>1000 mL

2.458 26.353 0.013 10.522 4.452~30.815

Discussion
SSI secondary to spinal surgery is considered to be related to many factors [6, 7], some of which are
related to the patients themselves, while some are related to the treatment methods. In this study,
advanced age, surgical duration >3 h, serum albumin concentration <30 g/L, hemoglobin concentration
<80 g/L, combined diabetes and blood loss >1,000 mL were the independent risk factors of SSI after
spinal surgery in our hospital. Some studies have shown that age is an important factor that affects the
incidence of SSI after spinal surgery [8, 9]. In particular, for elderly subjects aged >60 y, the incidence of
SSI after spinal surgery increases signi�cantly. It has been reported that the risk of SSI after spinal
surgery in the elderly aged ≥60 y is 3 times higher than that in the younger age group [10]. Schoenfeld et
al. [11] analyzed 126 patients with SSI secondary to spinal internal �xation via the posterior approach
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and found that the risk of postoperative infection in patients aged 60–70 y, 71–80 y, and ≥81 y was
signi�cantly higher than that in those aged ≤59 y. Fang et al. [10] reviewed 1,095 patients undergoing
spinal internal �xation via the posterior approach; the average age of SSI patients was 47.8 y. Among the
48 patients with SSI, 17 were >60 y old, accounting for 35.4% of the patients with infection. Thus, it was
concluded that patients aged >60 y had a higher risk of SSI. In the present study, advanced age was also
a factor of SSI following spinal surgery. According to logistic regression analysis, the OR value of SSI
after spinal surgery in elderly patients in this study was about 3. The immune systems of elderly patients
degenerate, and they typically have multiple underlying diseases. In our study, of the 4,350 patients
undergoing spinal internal �xation via the posterior approach, 1,680 were aged >60 y old. Elderly patients
always present with degeneration of the immune system, mostly accompanied by multiple underlying
diseases. Heart disease leads to a decline in the cardiac ejection capability and a decrease in blood
supply to the tissues. Moreover, the decrease in local blood supply causes weakness of local resistance
and self-healing ability in the body that increases the infection risk. In addition, hypertension can cause
vascular lesions and reduce the local blood supply to the surgical site.

Long surgical duration will increase the risk of SSI secondary to spinal internal �xation via the posterior
approach. Long surgical duration increases the risk of wound infection in patients that may be caused by
the extension of surgical duration, increased duration of tissue traction; further, soft-tissue traction leads
to local tissue ischemia and necrosis. The extension of surgical duration also increases the chance of
wound contamination in patients. Our study showed that the rate of postoperative SSI increased
signi�cantly in patients with surgical duration >3 h. Apisarnthanarak et al. [12] reported that the incidence
of postoperative infection increased signi�cantly when the duration of spinal surgery was >3 h. In
addition, combined diabetes is an important risk factor for incision infection in patients undergoing
spinal surgery. A relevant study showed that the risk of postoperative infection in diabetic patients was
much higher than that in non-diabetic patients [13]. Abdul-Jabbar et al. [14] retrospectively analyzed
6,628 hospitalized surgical patients and found that diabetes signi�cantly increased the SSI risk. Olsen et
al. [13] considered diabetes as an independent risk factor for SSI. Our results showed that diabetes was
correlated with SSI after spinal surgery. The OR value of patients with diabetes was 4.47, indicating that
the risk of postoperative infection in patients with diabetes was nearly 4 times higher than that in patients
without diabetes. SSI after spinal surgery in patients with diabetes is mainly associated with diabetes-
related autoimmune disorders, decreased wound healing ability, and capillary lesions. Diabetic
microangiopathy can cause local tissue ischemia and hypoxia and reduce the antibiotic concentration in
tissues [15]. The immune cell function of patients with diabetes is damaged, leading to relative inhibition
of the immune function of the body. If there is pathogen invasion, it is very prone to infection [16]. The
function of platelet-derived growth factor in patients with diabetes is also affected, resulting in a decline
in the wound healing ability. Moreover, serum albumin concentration <30 g/L was an independent risk
factor for postoperative SSI, consistent with the report by Klein et al. [17]. Further, intraoperative blood
loss >1,000 mL combined with postoperative hidden blood loss [18] is another independent risk factor for
postoperative SSI. Severe anemia can reduce the ability of tissue repair and anti-infection, increasing the
risk of postoperative infection. Research [19] has shown that when the hemoglobin level is <80 g/dL, the
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oxygen-carrying capacity of blood is seriously reduced, and local tissue hypoxia reduces the local
resistance to infection. In addition, patients with anemia present with a severe shortage of transporters
needed to repair tissues, thereby leading to the decrease in the local repair ability and susceptibility to
infection, consistent with the results of our study. This investigation showed that all patients underwent
routine blood biochemical examination after the surgery; the postoperative changes in albumin,
hemoglobin, and other nutritional status indicators were detected timely, and treatment was given.
Moreover, the patients were asked to strengthen their nutritional status and eat a high-protein diet.
Parenteral nutrition support was needed when the nutritional status indicators were very poor. Some
patients also required albumin infusion and blood transfusion.

How to reduce the incidence of SSI secondary to spinal internal �xation via the posterior approach has
always been a challenging issue. First, the surgical indications should be strictly grasped, and surgical
treatment can be considered after ineffective conservative treatment. Second, underlying diseases should
be controlled and treated. For elderly patients with anemia and low serum albumin concentration, the
underlying diseases and general conditions should be strictly evaluated, blood glucose should be actively
controlled, and anemia and hypoalbuminemia should be corrected. In this study, although smoking was
not a risk factor for SSI following spinal surgery, smoking cessation could effectively improve respiratory
function, increase functional residual capacity, and reduce the incidence of postoperative pulmonary
complications. Therefore, patients with long-term smoking should give up smoking for 2 wk before the
surgery [20]. If necessary, lung CT and lung function tests should be performed to evaluate the lung
condition of patients. Our study showed that the beginning time of surgery was not a risk factor for SSI
following spinal infection. However, on the morning of one day, surgeons are energetic and can perform
the operation more precisely. Reasonable design of the surgical plan, the concept of small incision,
minimal invasion, and reduction in intraoperative blood loss and surgical duration are needed. The
aseptic management of the operating room should be strengthened, and the aseptic concept of surgeons
and nurses should be improved. Furthermore, postoperative care should be strengthened, patients should
be guided toward early activities, postoperative wound management should be improved, the wound
status should be frequently monitored, and antibiotics should be administered reasonably as per the
wound and the general conditions. The risk factors are relatively independent; however, more often, they
are interrelated and in�uenced by each other. To reduce infection rate, rather than controlling a certain
factor in isolation, we need to understand the basic condition of patients with respect to all the aspects
and design a reasonable treatment plan as per the condition. Only in this way can we effectively reduce
the rate of SSI secondary to spinal internal �xation via the posterior approach.

This study also has certain limitations, such as the fact that only one spinal cord research center in
Western China was the study setting. Considering the cross-sectional nature of this study, causality
between the results and the investigation variables could not be evaluated. In order to better understand
the risk factors related to infection secondary to spinal internal �xation via the posterior approach in
China, a longitudinal cohort study is required for a deeper understanding of the factors involved in the
infection after spinal surgery and the effects of these factors on the infection rate. Moreover, the inclusion
of non-randomly selected participants may lead to unpredictable biases. Despite the above limitations,
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this study identi�ed factors closely related to infection secondary to spinal internal �xation via the
posterior approach and proposed improvement strategies and intervention measures that will ultimately
reduce the infection rate after spinal surgery.

Conclusion
This study provides information regarding SSI secondary to spinal internal �xation via the posterior
approach. We found that age >60 y, surgical duration >3 h, serum albumin concentration <30 g/L,
hemoglobin concentration <80 g/L, combined diabetes, and blood loss >1,000 mL are directly correlated
with SSI secondary to spinal internal �xation via the posterior approach. These �ndings may contribute to
discussions and actions that may help in reducing SSI secondary to spinal internal �xation via the
posterior approach in the short or medium term.

Abbreviations
SSI=Surgical site infection CRP=C reactive protein ESR=Erythrocyte sedimentation rate BM=Body mass
index.
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