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 Surgical site infection (SSI) is the most frequently studied and the most 

common healthcare-associated infection. Improvements in prevention 

methods, infection control and risk reduction may prove beneficial. A 

retrospective review study of the Orthopedic surgeries from 2015 to 

2020 at Orthopedic & Traumatology Hospital, after SSI prevention 

measures and risk factor assessments formulated by the hospital have 

been applied. 2539 patients' records were included in this study and we 

were able to reduce the infection rate to 0.43% equivalent to 11 patients. 

System-wide effort to reduce SSI should be highly considered. 
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1. INTRODUCTION 

Surgical site infection (SSI) is one of the most frequently studied topics with respect to identifying risk 

factors and developing prevention measures. SSI also becomes the most common cause of healthcare- 

associated infection [1], [2], whereas the number is particularly higher in developing countries [3], [4]. SSI 

may develop into the leading causes of postoperative complications, clinical problems associated with 

increased morbidity and mortality, increased revision surgeries, poor quality of life, prolonged antibiotic 

treatment and rehabilitation, and associated lost work of functions [4], [5]. Quality management programs 

in methods of prevention, infection control and risk reduction may prove beneficial. It was frequently 

suggested by recent studies resulting in immediate management improvements to reduce SSI [6], [7]. SSI 

risk factors were often discussed, determining most probable SSI risks, therefore direct application of 

management programs was compulsory. We present a direct application of SSI prevention measures to 

reduce SSI, performed in orthopedic patients at a specialized orthopedic hospital that have been conducted 

in the last 6 years. 
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2. Methods 

This is a retrospective review study of the Orthopedic surgeries from 2015 to 2020 at Surabaya Orthopedic 

& Traumatology Hospital after SSI prevention measures had been applied. The criteria of the subjects were; 

patients with intact surgery sites, patients that required skin incision and minimally invasive surgery 

patients. Patients with closed reduction or cast revisions were excluded. The hospital developed a 

prevention measure for SSIs based on existing suggestions [4- 9] that have been implemented since 2015. 

The prevention measures emphasize heavily on the preoperative, intraoperative and postoperative 

precautions and suggestions to be implemented in the daily practices. Table 1 showed the SSI Prevention 

Measures for our hospital. 

 

Table 1. SSI Prevention Measures 

 
 

Every medical personnel related to the surgery were properly informed and trained. Other than those listed 

in Table 1, any intervention by the surgeon, anesthesiologist and any medical personnel prior and post-

surgery were not included. Cephalosporin’s, especially the First-Generations, were the favored prophylaxis 

preoperative and postoperative antibiotics given, although we did not interfere if the clinician gave different 

types of antibiotics according to their clinical judgment, as long it is given within the suggested time period. 

Combination of antibiotics were also not interfered. All patients were given preoperative prophylactic 

antibiotics intravenously. Postoperative antibiotic regimens, including postoperative prophylactic antibiotics 

and antibiotics were given at the time of discharge. Postoperative prophylactic antibiotics commonly given 

Preoperative Intraoperative Postoperative

Clean the operative area using 

Cholhexidine 2%

Observation of operating 

theatre's Environment
Post operative wound care

Shave using Clipper (If possible, perform 

closely before incision)

Observation of temperature 

and humidity of the operating 

theatre

PPE (Personal Protective Equipment) while 

administering wound care.

Observe blood glucose below <200 

mg/dl

Observation of operating 

theatre's air pressure
Aceptic procedure during wound care

Observe body temperature Surgical personnels limitation
Tools & equipments sterilization used for 

woundcare 

Administer Prophylaxis Antibiotic 60 

minutes prior incision

Implant sterilization / biological 

indicator (if required)
Post operative antibiotic regiment

Risk Factor screening based on SSI 

Score [8]

Used tools & equipments 

sterilization 

Clean the operative area using 

Cholhexidine 4% & disinfect

Routine Biological Culture 

based on standarized 

requirements

Routine maintenance of Hepa 

Filter

Routine cleaning between 

operations

Disinfectant Aerosol usage

SSI Prevention Measures

Surveillance of SSI sign and symptoms during 

hospital admission and post-discharge

https://www.teikyomedicaljournal.com/


    ISSN: 03875547 

Volume 44, Issue 01, February, 2021 

  

601 
 

72 hours after the preoperative prophylactic antibiotics, however we didn’t interfere with the timing of 

administration and other considerations made by the clinicians in charge. Oral Cephalosporin’s such as 

Cefadroxil was the most frequent antibiotic given at the time of discharge. The postoperative wound care, 

including dressing and cleaning the wound, antibiotics, debridement and a specialist wound care services 

were very similar to Kaihan Yao’s study [10]. Patients were recorded whether there were any SSI in the 

first 30 days after operation, observed before and after discharge. Each patient including patients who had 

risk factors of SSI were educated on the early signs of SSI before discharge, such as: fever, swelling and 

pain. Diagnosis of SSI were made supported by clinical presentations (fever, swelling, tenderness (pain), 

malaise, erythema), laboratory studies (complete blood count, eryhtrocyte sedimentation rate (ESR), C-

reactive protein (CRP)) and imaging studies (if needed). Treatment of the SSI was not included in this 

study, usually it may require antimicrobial and surgical treatment. If SSI was present, patients' surgical 

wounds would be cultured for further confirmation and microbial sensitivity purposes [11]. Patient’s age, 

sex, ASA’s status, BMI and duration of surgery were being grouped and recorded in this study purposes as 

the risk factors frequently correlated with SSI based On Carl van Valwarven model to predict risk of SSI 

and Li MS epidemiology studies [8], [9]. Other risk factors were not included in this study because we were 

unable to consistently record the data for 6 years, while a large number of data were missing, thus we 

decided not to be included in this study. To understand the strength of association between two categorical 

variables after preoperative SSI prevention measures had been applied, a chi-squared test was carried out. A 

p-value of less than 0.05 was proved to be significant with a 95% confidence interval. Patients that were 

unable to report in the first 30 days were excluded. Patients that developed SSI after new injuries or re-

injuring in the same site of surgery post discharge were excluded. After SSI prevention measures have 

applied in the last 6 years, all of the patient’s medical records were analyzed to estimate the incidence rate 

of SSI. 

 

3. Results 

There were 2539 medical records included in this study from January 2015 until March 2020, before the 

COVID-19 pandemic was announced by the WHO. Table 2 showed the number of patients with SSI 

distributed within the recorded groups and sub-groups and the P-value of this study. 

  

Table 2. Patients Distribution 

 
 

Groups SSI Positive SSI Negative P Value

Age

Below 60 years Old 5 1521 0.244

Above 60 years Old 6 1007

Sex

Male 5 1261 0.504

Female 6 1267

ASA's Status

ASA 1-2 10 2502 0.119

ASA ≥ 3 1 26

Body Mass Index (BMI)

BMI< 25 4 1502 0.112

BMI ≥ 25 7 1066

Duration of Surgery

Below 210 minutes 10 1852 0.514

Above 210 minutes 1 676
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There are 11 patients diagnosed with SSI out of 2539 patients which is 0.43 %. Bacterial culture was 

obtained from the SSI patients. Descriptions of patients' status with SSI are shown in table 3. 

 

Table 3. Patients with Surgical Site Infections (SSI) 

 
 

Staphylococcus aureus is shown to be the most often microbial cause of SSI. Wound type of 6 patients out 

of 11 were contaminated and 5 others were non-contaminated, which is similar in number. The 

demographic of bacterial culture and wound contamination shown in table 4. 

 

Table 4. Bacterial Culture and Wound Type of Patients with Surgical Site Infection (SSI) 

Bacterial Culture Quantity (N) 

Pseudomonas aeruginosa 1 

Staphylococcus aureus 5 

Staphylococcus non haemolyticus 1 

No Bacterial Growth 4 

Wound Type Quantity (N) 

Contaminated wound 6 

  Non-contaminated Wound 5  

 

4. Discussion 

We were able to reduce the SSI in our hospital to 0.43% in the last 6 years. It is much lower to what has 

been reported in other studies ranging from 4.8% to 22.7% [9], it is even lower to what Dutch PREZIES 

network reported--1.1%. [12] Multiple approaches combined together at all phases of care are essential to 

reducing SSI including preoperative, intraoperative and postoperative optimization. [13] Several different 

factors related to the patient, surgical environment and staff involvement are crucial to reduce SSI. [14] 

Reduction of SSI with infection control measures already proven before, and clean surgery could reduce the 

incidence rate. [4] Our results suggest that improvements in infection control, risk reduction and prevention 

methods as suggested [6] could reduce the number of SSI, therefore, improved clinical and economic 

outcome. SSI prevention should include preoperative, intraoperative and postoperative measures. [5], [13] 

We formulate SSI prevention measures based on previous suggestions on numerous studies [4- 7], [9], [13] 

and could prove with proper application, it is possible to reduce the infection to0.43% in the last 6 years. 

The etiology of SSI is multifactorial and often caused due to a system failure of the inability to integrate the 

preoperative, intraoperative and postoperative measures effectively [13] SSI can also appear postoperatively 

in late phase and post discharge, thus it is necessary to keep contact with the patient post- discharge [1], [4]. 

SSI following orthopedic surgery is a devastating complication that results in physical limitations and 

Gender Age BMI Diagnosis ASA Duration of Surgery Bacterial Culture Result

Male 17 18.8 Closed Fracture of Clavicle 1 65 Minutes No Bacterial Growth

Female 73 26.4 Canal stenosis of L4, L5, S1 3 150 Minutes Pseudomonas aeruginosa

Male 27 27.6 Malunion fracture of metatarsal IV 2 70 Minutes Staphylococcus aureus

Male 51 36.5 Spondilosis of L4-L5 2 190 Minutes No Bacterial Growth

Female 69 26.3 Achilles Avulsion 1 75 Minutes Staphylococcus aureus

Female 72 34.0 Closed Fracture of Ankle 2 105 Minutes No Bacterial Growth

Female 68 26.7 Closed Fracture of Femoral neck 2 60 Minutes Staphylococcus non haemolyticus

Male 13 18.0
Closed Fracture of Femoral Shaft &

Degloving Injury of Cruris
1 325 Minutes Staphylococcus aureus

Female 61 24.5 Loose body intraarticular knee 1 70 Minutes No Bacterial Growth

Male 57 23.8 Closed Fracture of Ankle 1 110 Minutes Staphylococcus aureus

Female 63 30.4
Closed Fracture of ankle  &

ATFL tear
2 120 Minutes Staphylococcus aureus
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delayed recovery from orthopedic surgical interventions, effective prevention method is not enough, 

therefore it is important to identify the risk factor to reduce SSI. [5], [9]. The risk factors that frequently 

caused SSI were identified [5- 9]. Groups and sub-groups were made based on previous studies. Noted that 

the statistical analysis was done after preventions efforts had been properly conducted in the hospital, 

whereas the P-value compared to previous study may differ because of difference in efforts to prevent and 

prioritize SSI. Most of the compared studies are retrospective, with aim to show the significance of SSI. All 

of the subgroups were non-significant statistically which include: age, sex, ASA’s status, BMI and duration 

of surgery. This is one weakness of this study in which there is a relatively small sample size of infected 

patients (n=11) compared with the non-infected patients (n=2528). Patients' ages were included in this 

study. There are 11 patients with the SSI, 7 patients are over 60 years old and 4 patients are below 60 years. 

This may correlate with immune status and chronic diseases in older age [13], [14] but with proper 

prevention the number could be decreased. Although the correlation in this case was non-significant 

clinically and statistically, age is one factor that is almost proven to be significant in most studies [7], [8]. 

Sex were not statistically significant in this study [2], but the correlation between sex and SSI may remain a 

dispute.  

 

In our case the quantity of male and female samples were quite similar (male 50,3% and female 49.7%) and 

from 11 observed patients 6 are females and 5 are males, which is quite similar in number. But important 

points may be taken in terms of all female patients are over 60 years old and all of male patients are below 

60 years old. These results were similar with previous study [2], and may correlate to female hormones that 

affect their proneness to bone fracture and immune system [17]. BMI over 25 were used in this study, 

because it is the baseline for overweight and obesity in Indonesian patients. Obese patients have more 

adipose tissue, and were poorly perfused. If these thick fat layer were retracted for surgery exposure, it may 

subsequently cause tissue necrosis. Therefore, causing an increased risk of SSI [5]. SSI in obese patients 

may also correlated with dead space and prolonged operation times, where it is suggested preoperative 

optimization of body weight and dietary counseling may be valuable [11]. ASA status was statistically non-

significant in this study, despite ASA grade III and IV are accepted risk factors for prognostic purposes. 

[18] The samples for ASA included in this study is extremely low (1.06% of all samples) and may give a 

false prediction to the actual correlation with SSI, because patients with the score of ASA 3 and 4 often 

referred, and were unable to be included in this study. An ASA score of 3 or more has been associated with 

increased risk of SSI and may become a significant predictor of SSI in some orthopedic surgeries, such as 

total knee arthroplasty, spinal decompression and fusion surgeries [5]. The duration of surgery was sub 

grouped based on suggestions from a previous study, whereas prolonged surgery longer than 310 minutes 

was heavily associated with SSI. [8] The opinion regarding correlation of surgery duration and SSI is still 

debated, majority of studies report a statistically significant association. The explanation is, with increased 

operative time, incisions are exposed longer to the environment and increasing the risk of bacterial 

contamination. [19] Numerous bacteria, which are the source of the infection, thrive in contaminated/dirty 

wounds thus a prolonged operation may increase the probability of exposure to pathogen [9]. 

Staphylococcus aureus and Staphylococcus non hemolyticus are both gram positive bacteria, known to be 

the most common microorganisms in SSI. But the implication of low gram negative bacteria cannot be 

underestimated, because it is said to be increasing in the last few years. [9] As a major pathogen, 

Staphylococcus obtained from 50 % of our SSI case, similar to recent studies report. [5, 13] Sufficient 

bacterial load to cause virulence in the host body may depend on many variables, including the condition of 

the wound and the immune status of the host. Negative outcomes of surgery, burden of healthcare system 

are practically concerning [6], [13]. This study had several limitations, with this being a retrospective 

review study and all the data for this study are secondary data. This study is based only on a single hospital 

medical record. Patients were not classified as deep/superficial/organ space, because these classifications 
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were not commonly used in the study setting. And a small sample size of infected patients (n=11) becomes 

a weakness for the statistical analysis. 

  

5. Conclusion 

Appropriate SSI prevention measures and risk factors assessment should be used to aid orthopedic surgery 

as an effort to reduce infection and suggested to be properly conducted in daily practice. A system- wide 

effort and culture change of all related stakeholders should be highly considered to reduce SSI 
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