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The objectives of the research were to monitor the aseptic practices carried out by operating room nurses and 
doctors in orthopaedic operations focusing on aseptic behaviour and preparations of the personnel during sterile 
field establishment and maintenance phases of the surgeries, and to evaluate the practices carried out compared 
to existing international and national guidelines and evidence-based recommendations. 

Previous study findings indicate that existing recommendations on aseptic and sterile technique are always not fully 
adhered to and that there are improvement areas in the aseptic practices of operating room personnel during 
surgery. The adherence to aseptic practices in intraoperative settings is essential within all team members to 
minimize and control microbes from contaminating the surgical field and its surroundings, but also to protect the 
personnel from being transmitted with antibiotic resistant microbes. Surgical site infections after orthopaedic 
operations where foreign body fixation materials are used have long-term effects and high costs. This study 
evaluated the actualized aseptic practices during sterile field establishment and maintenance phases in five 
operating room units within one organization in Finland. The study was implemented as a local small-scale 
observational clinical aseptic practice quality improvement study with statistical data analysis. The research aimed 
to compare the practices in action to existing evidence-based guidelines and recommendations using criteria-based 
evaluation. Data collection was done with the constructed tool in which foci of observation were divided to seven 
main themes: Availability of hand hygiene products, hand hygiene realisation, preparations of the patient, 
establishment of sterile field, preparations of sterile personnel, aseptic behaviour and maintenance of sterile field. 
A descriptive analysis of the research data was conducted using SPSS-software. 

Results show high adherence to most evaluated categories, but also that there are areas of improvement in sterile 
field establishment and maintenance, and aseptic behaviour during surgery. The hand hygiene enabling products 
were properly available in 74.7% of observed operations and hand hygiene realisation of the team was 91% of 
operations. Timely antibiotic prophylaxis of 60 minutes before incision or tourniquet inflation was managed in 
97.7% of operations. Establishment of sterile field was adherent in 89.5% of operations. Preparations of the sterile 
team members were highly adhered to: Sterile surgical attire was used according to guideline in all operations, and 
double gloves and protective eyewear were used adherently in 95.5% of operations. Aseptic behaviour during 
surgery was adherent in most of the operations (90.7%), but it appeared that doors were often open during surgery: 
The average number of door openings during surgery was six. The number of door openings and joint replacement 
surgeries were noticed to have a statistically significant association. Surgery duration did not seem to have a 
statistically significant association with aseptic behaviour or sterile field maintenance, but an operation with a 
duration of more than 45 minutes was noticed to require more door openings than a surgery with shorter duration: 
The average number of door openings in longer operations was eight. Maintenance of sterile areas was adherent in 
76.9% of all operations, where eye contact and visible distance to sterile fields were kept in 79.6% of operations 
when moving near sterile fields, and back was not turned to sterile areas by sterile team members in 69.4% of 
observed cases.  

Aseptic practices are teamwork that are affected by actions of all individuals in the operating room. Previous 
research findings indicate that aseptic practice training and implementation of guidelines are considered 
insufficient by OR staff and lack of adherence was discovered in some observed criteria. Based on study results, to 
enable adequate infection control and prevention in intraoperative settings, implementation of regular 
multidisciplinary education, policy development and monitoring of aseptic practices were recommended. 

 
Keywords: infection prevention and control, aseptic practice, aseptic technique, sterile technique, operating room 
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1 Introduction 

The role of aseptic practices (AP) is highlighted in healthcare settings: Healthcare-associated 

infections (HCAI) and surgical site infections (SSI) are the second highest medical safety risks 

after medicine related threats (ECDC 2019), with increase of post-surgery morbidity and 

healthcare expenses (Puhto 2018). Specific aseptic knowledge and behaviour, hygienic 

clothing and use of personal protective equipment is required from personnel working in the 

operating room (OR) to prevent the incidence of a procedure-related infection. There are 

several existing guidelines created by The Association of Perioperative Registered Nurses 

AORN, the World Health Organization WHO and Centres for Disease Control and Prevention 

CDC on aseptic behaviour and practices in OR environments. Based on international guidelines 

Finland has welfare-area-centered instructions on infection prevention and control (IPC) for 

hospital staff, which are also followed by private health care providers (Anttila et.al. 2010; 

Kurvinen et.al. 2018; Similä 2020; Tays 2021; HUCH 2022). Leaning to the WHO Global patient 

safety action plan 2021-2030, the Finnish Ministry of Social Affairs and Health updated The 

Client and Patient Safety Strategy and Implementation Plan 2022–2026 on June 8th, 2022, that 

as a new addition includes requirements on IPC and states that every healthcare service 

provider is obliged to regularly monitor and report HCAI’s and use of hand disinfectants in 

their organization by 2024.  

In 2019, the second leading cause of death globally was bacterial infection related, which is 

found to be a significant threat to healthcare settings (GBD 2022). The main responsibility of 

hospital infection prevention and control (IPC) is based on the compliance with aseptic 

practice recommendations of healthcare staff. Hand hygiene aligned with other aseptic 

practices are the most efficient actions to prevent the emergence of SSI and antimicrobial 

resistance (AMR), but healthcare staff compliance with appropriate practices remains low in 

several settings (Allegranzi et.al. 2018; Aholaakko 2018; Zucco et.al. 2019). The risk of SSI 

varies between conditions and surgeries, but in average an SSI doubles the healthcare costs 

for a patient (Allegranzi et.al. 2018): According to research of Puhto (2018), in Finland the 

cost of a non-infected procedure is 7000 euros, treatment of a prosthetic joint infection (PJI) 

is approximately 25 000 euros and two-stage revision treatment 53 400 euros. Minimizing the 

risk of SSI is a significant part of patient safety and needs to be acknowledged in all 

healthcare related procedures worldwide (Allegranzi & Pittet 2009). 

Previous study findings indicate that hand hygiene compliance is in correlation with the 

incidence of HCAI’s (WHO 2009a, 9; Ojanperä, Kanste & Syrjälä 2020; Ojanperä et.al. 2022). 

According to international and national regulations (Mangram et.al. 1999; WHO 2016), aseptic 

practices are subjects of quality control and monitored in healthcare environments 
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worldwide. Hand hygiene is monitored by regular observation in several Finnish welfare areas 

and university hospitals. According to the research of Ojanperä, Kanste and Syrjälä (2020) and 

Ojanperä et.al. (2022), improving healthcare personnel’s adherence to hand hygiene has a 

decreasing effect on the incidence of healthcare-associated infections in hospital facilities.  

In their academic dissertation research Aholaakko (2018) studied the AP of OR staff and 

created baseline criteria to evaluate the adherence to AP recommendations. In this study the 

criteria of Aholaakko (2018) are used as a framework in co-operation with the author to be 

used in AP observation in orthopaedic OR units. The aim of the study was to monitor and 

evaluate the AP of OR nurses and doctors based on the modified criteria. The study was 

conducted in five OR units within one organization in Finland. Comparison material for the 

study are international and national guidelines and evidence-based recommendations, and 

research findings of DeOliveira and Gama (2015), Aholaakko (2018; 2020), Parnikh et.al. 

(2022) and study results collected through literature search for observation tool construction.  

2 Intraoperative aseptic practices in orthopaedic operations 

Patients going through a surgical procedure are at risk of attaining a surgical site infection 

(SSI), which leads to prolonged hospitalization and costs (Badia et.al. 2017). Study findings of 

Badia et.al. (2017) noted that orthopaedic or trauma surgery patients had the highest number 

of hospital days after SSI diagnosis. SSI rates are globally monitored by various, more or less 

realistic and real-time information offering systems (WHO 2018). The estimated SSI rate of 

the organization in question was 1.54% among all 12 055 operated patients in 2022 between 

January 1st and October 31st, according to diagnosis-based data offered by the used patient 

record system. 

The purpose of AP is to minimize contact, air, droplet and vector borne microbe 

contamination of the OR facility and surgical site during surgery, and prevent the 

development of a potential SSI afterwards (Aholaakko 2018). Factors affecting SSI 

development in intraoperative settings include surgical attire, hand hygiene, wound 

classification (clean-contaminated-dirty/infected), duration, technique and procedure of the 

surgical operation, the use of antimicrobial sutures and the type of anaesthesia (Bashaw & 

Keister 2019). According to article by Tarabichi and Parvizi (2023), the prevention of SSI-risk 

factors in perioperative settings are usually divided in two groups between patient-specific 

and environmental features, but they state that the most important steps in SSI and PJI 

prevention can be summarized in ten effective measures of both groups: Host risk factor 

optimization, bioburden reduction, perioperative antibiotic prophylaxis (PAP), respect for soft 

tissues, expeditious surgery, minimization of blood loss, OR traffic reduction, antiseptic 

irrigation solution use, sterilization of implants and instruments and wound management. The 
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intraoperative risk factors of the summary are recognized when creating the observation tool 

for OR AP evaluation in sterile field establishment and maintenance phases.  

To protect healthcare patients, standard precautions offer guidance on hand hygiene, use of 

personal protective equipment (PPE), respiratory hygiene etiquette, patient placement, 

adequate handling and disinfection of patient care equipment, proper handling of textiles and 

healthcare worker safety (CDC 2016). To minimize the risk of SSI, international and national 

recommendations have been created based on research-based evidence both in medical and 

nursing practices starting from the late 1800’s (Aholaakko 2018). Cochrane-reviews on OR AP 

present low or very low certainty, because of ethical reasons practices cannot be dissembled. 

The CDC Guideline for the prevention of SSI focuses on patient preparations before surgery, 

glycaemic control, oxygen sufficiency, body temperature maintenance, antibiotic prophylaxis 

and surgical site disinfection, but do not offer guidance on intraoperative AP (Berrios-Torres 

et.al. 2017). The existing guidelines of infection preventive measures are created by the 

AORN (2005; 2007; 2010; 2017) and the WHO (2009a; 2009b; 2016), and are individually 

adapted by hospital facilities worldwide. The AP of operating room personnel are taught 

mainly in practice as a part of job-specific education during orientation to the OR settings 

(CDC 2022).   

Adherence to AP is the basis of IPC, and dependable on individual knowledge and know-how. 

Based on previous research, staff feedback (Pitko 2022) and experiences, there are 

differences and weaknesses in the AP of OR personnel in intraoperative settings. In Finland, 

the education of hospital staff is regulated by the Health Care Professionals Act Chapter 2 

(1200/2007); Right to practise as a health care professional; and includes the basic 

information of IPC. However, little training is included to the curriculum about the 

intraoperative AP (Finlex 1994; Laurea University of Applied Sciences 2022), and the methods 

and reasons of certain APs are considered challenging to understand especially among fresh 

nurses (Pitko 2022). The expected outcome of the study was to create an instrument for 

measuring the AP of OR personnel, to achieve information on staff adherence to AP in the OR 

and to provide need analyses for future development. The expectation of the organization 

was to be able to compare results between units which was possible by separating the 

observation events by unit. Each of these expected outcomes was a possibility to develop the 

AP of the personnel, because observation itself is an effective tool to influence on behaviour 

of the participants (Polit & Beck 2004, 320; Ojanperä et.al. 2022).     

The adherence to AP in Finnish public hospital facilities is considered high referring to low SSI 

incidence and antimicrobial resistance rates comparing to other European countries 

(Allegranzi 2014). However, the adherence to recommendations is generally not controlled, 

supervised or evaluated in hospital facilities, except for regular hand hygiene observation 

performed in certain Finnish university hospitals. The circulating nurses’ aseptic practice 
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assessment-tool (Aholaakko & Metsälä 2015), Baseline principles for development of 

intraoperative AP (Aholaakko 2018) and surgical hand rub observation tool eLeikkaus 

(Flowmedik 2022), are the only existing measuring instruments in use to evaluate the 

adherence to IPC methods or quality of AP in OR settings in Finland. The tool created for the 

research can be used as a measuring instrument for future evaluation and development of AP. 

 

Figure 1: Baseline model for intraoperative aseptic practices (Aholaakko 2018©, published 

with the permission of the copyright holder) 

The adherence to AP in OR settings and complying with aseptic technique (AT) during surgical 

operation are essential within all team members to minimize and control microbes from 

contaminating the surgical field and its surroundings, but also to protect the OR personnel 

from being transmitted with antimicrobial resistant microbes (Phillips & Hornacky 2021, 252). 

Aholaakko (2018) studied the acceptance of the intraoperative AP recommendations for the 

establishment, maintenance and disestablishment of the sterile field among OR staff with 

observational research and a self-reported assessment.  

The role of the circulating nurse is highlighted in perioperative settings; Because acting as 

supervisors of AP, the circulating nurses should be highly aware of AP recommendations, 

comply them with high adherence and possess a rigorous aseptic know-how (Aholaakko & 

Metsälä 2015). This study evaluates the AP of all perioperative team members: Nurses, 

anaesthetics and surgeons. Ayukekbong (2019, 102-103) points that research of healthcare 

related problems focused on patient care quality is necessary, and favourable topics of 

monitoring IPC can be for example adherence to precautions, hand hygiene and processes of 

quality assurance.  



  10 

 

 

Aholaakko and Metsälä (2015) and Aholaakko (2018) have created criteria on evaluating the 

know-how of AP among operating room staff. The criteria are based on international 

guidelines on AB in sterile and clean healthcare environments. Aholaakko (2018) discovered 

that there were significant differences in adherence to aseptic recommendations between 

professions, genders and hospitals before and after the project of co-creating 

recommendations. Measures were made in relation to establishment, maintenance and 

disestablishment of the sterile fields (Aholaakko & Metsälä 2015; Aholaakko 2018). In 

conclusion, Aholaakko (2108) stated that the differences in compliance to intraoperative AP 

recommendations among Finnish operating room staff require improvement.  

1. Use of sterile multi or single use equipment to prevent cross contamination. 

2. Preparing the sterile field as near to the time of performance as possible to reduce 

the risk of contact, droplet and airborne microbe contamination.  

3. Preparing the sterile field inside the clean air zone in the OR to prevent and reduce 

contact, droplet and airborne microbe contamination. 

4. Covering all the skin and hair of the team members and patient when working in 

the sterile field to reduce the risk of person-to-person contact microbe 

contamination. 

5. Avoiding unnecessary movements in the sterile field and respecting air-current 

models to reduce the risk of contact, droplet and airborne microbe contamination. 

6. The “aseptic working order” is followed during the practices by moving from clean 

area to unclean area to reduce the risk of direct and indirect microbe 

contamination. 

7. Avoiding traffic in and out of the OR 

8. Avoiding unnecessary touching of sterile items, drapes and sponges to reduce the 

risk of direct and indirect contamination. 

9. Avoiding touching sharp items and using hands-free-technique to reduce the risk of 

bloodborne contamination. 

10. Implementing clean and dirty techniques by keeping the used (“dirty”) and sterile 

equipment separated during the procedure to reduce the risk of contact, vector 

borne and bloodborne contamination. 

Table 1: Baseline principles for development of intraoperative AP modified according to 

Aholaakko© (2018; 2020) 

According to Parnikh et. al. (2022), the assessment of OR AP helps revealing circulating 

nurses’ strengths and weaknesses in applying AP recommendations. When observing the SSI 

preventive measures of surgical teams in Brazil, including the number of people in the OR, 

door openings, ventilation system, antimicrobial prophylaxis use, scrub prepping and 

adequately preparing the surgical site and hands of the surgical team, DeOliveira and Gama 
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(2015) discovered that some recommended practices for SSI prevention were not fully 

adhered to by the personnel under observation. The study results of Handaya and Werdana 

(2019) did not show significant differences between perioperative consultant surgeons, 

surgical residents and nurses in compliance to hand hygiene and sterile gowning procedure 

performance. CDC (2016) standard precautions and Baseline AP Principles (Aholaakko 2018) 

were used as framework in the tool construction (Table 2), 45 research articles and 34 

national and international recommendations were used as basis in each evaluated criteria. 

CDC standard precautions (2016) 
Baseline AP principles (Aholaakko 

2018©) 

Hand hygiene Aseptic behaviour (AB) 

Personal protective equipment (PPE) use in exposure to blood, 
body fluids or surgical wound 

AB 

Handling sterile equipment + Handling, cleaning and disinfection 
of patient care equipment 

Aseptic technique (AT) + 
Central services (CS) 

Safe handling of sharps AT 

Use of mask AB 

Table 2: Comparison of criteria of CDC’s (2016) Standard precautions and Aholaakko’s© (2018) 
Baseline AP Principles   

2.1 Hand hygiene as intraoperative aseptic behaviour and aseptic technique  

This chapter describes hand hygiene as part of aseptic behaviour (AB) and AT in OR settings. 

Hand hygiene consists of microbe contamination minimizing actions between healthcare staff, 

patient and patient’s surroundings and is based on hand washing and disinfectant use (WHO 

2009b; WHO 2022). Insufficient hand hygiene provides potential risk of microorganism 

transmission to patients, risk of healthcare worker (HCW) colonization or infection caused by 

microbes originating from the patient and risk of increase in expenses, morbidity and 

mortality rates (CDC 2002, 27). Based on research evidence, the correlation between hand 

hygiene compliance of healthcare staff and SSI incidence is reported significant, and AP are 

the most effective measures to prevent HCAI’s (CDC 2002; WHO 2009; Allegranzi & Pittet 

2009; Ojanperä et.al. 2020).  

Hand hygiene compliance is challenging to measure because contacts between patients, their 

environment and healthcare staff take place simultaneously in many locations within the 

organization and situations requiring aseptic conscience emerge at all times, monitoring 

requires resources while the staff is burdened by care work and when using staff members in 

observation instead of external researchers, bias are difficult to eliminate (Joint Commission 

International 2009, xxiii). The WHO Your Five Moments of Hand Hygiene (WHO 2009b) is a 

simple guideline presenting the aseptic actions to be followed as an effective IPC measure. 

Results in hand hygiene observational studies (Allegranzi & Pittet 2009; Ojanperä et.al. 2020; 
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Ojanperä et.al. 2022) show that healthcare staff hand hygiene compliance can be improved 

from 61% up to 81% with observation and topic-centred interventions. 

According to Allegranzi, Sax and Pittet (2013), the most important selection criteria of 

alcohol-based rub to healthcare staff are availability, convenience and functioning of the 

hand disinfectant dispensers. OR settings should be maintained clinically clean by preventing 

the access and reproduction of microorganisms, therefore regular hand disinfection inside the 

area, and when entering and leaving the room is justifiable. Your Five Moments for Hand 

hygiene by WHO (2009b) instructs HCWs to use hand disinfectant before touching a patient, 

before clean/aseptic procedure, after body fluid exposure risk, and after touching a patient 

and their surroundings. For easy access, hand rub dispensers should be placed in several 

locations in the OR. According to research by O’Hara et.al. (2019), gloves and gowns are the 

parts of attire that most often contaminated with antibiotic resistant microbes among ICU 

personnel. To ensure accurate and infection safe use of gloves, hand disinfectant should be 

used before reaching to the glove box (THL 2022). 

Observation of hand hygiene events (WHO 2009) requires incessant attention from the 

observer and cannot be performed simultaneously for more than one individual. Observation 

on hand disinfection events was not included in this study due to resource reasons and 

measurement difficulties. There are existing tools for the observation of surgical hand rub 

(eLeikkaus) and hand disinfection (eHuuhde), which focus on the hand hygiene-observation 

events (Ojanperä et.al. 2022; Flowmedik 2022). (Flowmedik 2022; Ojanperä et.al. 2022) and 

to ensure reliable results, it should be performed as a separate action of AP or by a second 

observer focusing only on hand disinfection events. The adherence to not wear nail polish, 

jewellery and watches during surgery was however observed. Also surgical hand rub of sterile 

team members was included in observation.  

It is mentioned in several Finnish welfare-area guidelines, that the use of nail polish and 

artificial nails are forbidden in healthcare work (Kurvinen et.al. 2018; HUCH 2019; TYKS 2020; 

HUCH 2022). Nail polish and artificial nails enable microbes to contact in cracked surfaces 

and are worn out quickly from constant disinfectant use (TYKS 2020). CDC Guideline for Hand 

Hygiene in Health-Care Settings (2002, 29) states that long natural nails and artificial nails 

worn by healthcare workers (HCW) have been associated with HCAI’s and recommends 

healthcare staff not wearing artificial fingernails or nail extenders when in direct contact 

with patients at high-risk care, such as intensive-care units (ICU) and OR. AORN (2017) 

suggests that the use of nail polish and gel nails in the perioperative settings should be 

determined by a multidisciplinary team inside the organization. 

Jewellery and watches prevent successful hand hygiene by leaving moist and bacteria 

between skin and item, which can cause inflammation or be transmitted from person to 
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another (WHO 2009; CDC 2002). Efficient rubbing is impossible when wearing jewels or 

watches, and an item underneath a sterile glove is a significant safety risk for the patient 

under operation. According to research of Boucherabine et.al. (2022), the microbial load of 

smart watches showed significant contamination of 40% (N=159) microbes, virulence factor 

genes and antibiotic resistance genes.  

CDC (2002, 30) notes that skin underneath rings is significantly more colonized than other 

areas of skin on fingers without rings, which proved by multiple studies. However, a 

Cochrane-review by Arrowsmith and Taylor (2014) notes that there is currently insufficient 

trial evidence of the impact of nail polish and finger ring wearing on microbe density and SSI 

incidence based on studies conducted between 1982-1997. DeKay (2022) has introduced 

updates on the AORN Guideline for Hand Hygiene with Five New Hand Hygiene Practices to 

Reduce Infection, which include prohibitions and limitations of nail lacquer use, reducing the 

risk of waterborne contamination, ensuring the accessibility of surgical hand rub and scrub, 

evaluation of hand hygiene product quality and implementation of hand hygiene improvement 

interventions. The hand hygiene guidelines of Finnish university hospitals’ (Kurvinen et.al. 

2018; HUCH 2019; TYKS 2020; HUCH 2022) prohibit the use of jewellery, watches and nail 

polish in all care work, and referring to WHO (2009a) Hand hygiene guideline, the Finnish 

Institute for Health and Welfare THL (2022) recommends removing hand jewellery while 

performing hand disinfection. According to the hand hygiene guidelines of the organization 

under observation the use of rings, watches and nail polish and artificial nails is forbidden in 

all patient care work. 

2.2 Preparations of the patient in surgery 

There are existing guidelines on patient preparations before surgery e. g. regarding 

preoperative antisepsis, but actions before entering the OR were not evaluated in this study. 

In perioperative settings, an antibiotic treatment is recommended especially in high SSI risk 

surgeries as an IPC-procedure (Mangram et.al. 1999). According to CDC guidelines (Mangram 

et.al. 1999), an antimicrobial prophylaxis should be used in operations in which its presence 

has been shown to reduce SSI rates based on clinical evidence.  

Based on ECDC (2013) publication of Perioperative antibiotic prophylaxis (PAP) review, the 

adequate timing of PAP administration is 30–60 minutes before incision or tourniquet inflation 

and ideally during anaesthetic induction (except for vancomycin and fluoroquinolones). WHO 

(2016) recommends that PAP is administrated within 120 minutes pre-incision regarding the 

half-life of the used medicine. With short half-life antibiotics, such as commonly used 

cefuroxime, cefazolin and penicillin, the pre-incision time should be considered within 60 

minutes (WHO 2016, 71). Referring to research by Weber et.al. (2008), ECDC (2013) notes 

that when evaluating cefuroxime use as PAP, the administration of cefuroxime between 30- 
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and 60-minutes pre-incision was more effective in preventing SSI than administration within 

30 minutes. Evidence also shows that repeated doses of PAP should be given during the 

procedure, depending on the duration of the operation, the antibiotic used and significant 

blood loss of the patient (Mangram et.al. 1999; ECDC 2013).  

According to national guidelines (HUCH 2021), PAP should be designated by the surgeon and 

regarding the medicament used, administrated within 60 min or 120 min pre-incision or 

before inflation of tourniquet, and is repeated after three hours if the procedure is prolonged 

when using cefuroxime. If the patient is carrying an antibiotic resistant microbe, the 

prophylaxis should be evaluated by the surgeon and an infectious diseases specialist or 

microbiologist (Mangram et.al. 1999; ECDC 2013; HUCH 2021).   

The Cochrane-reviews of Gosselin, Roberts and Gillespie (2004) and Gillespie and Walenkamp 

(2010) indicate strong evidence supporting PAP use in orthopaedic operations especially in 

open fracture surgeries. According to Gillespie and Walenkamp (2010), a single dose of PAP 

significantly reduces both deep and superficial SSIs, but also other HCAIs (urinary and 

respiratory). ECDC (2013) recommends that a safe and effective PAP should be selected based 

the best agent depending on patient and procedure related features. The correct dose of PAP 

should be administered at adequate time to achieve antibiotic concentration in blood serum 

and tissue, to minimize the microbe load in the surgical site at the time of the incision (ECDC 

2013). This study observed if PAP was administered according to guidelines within 60 minutes 

before incision or tourniquet inflation. 

2.3 Preparations of sterile personnel 

The risk of contamination of surgical site and sterile areas is minimized by sterile gowning of 

the operating team. The attire and personal protective equipment (PPE) suitable for clean 

and sterile OR settings are defined by CDC (Mangram et.al. 1999) WHO (2016, 131-134) and 

AORN (1998; 2005), and are published in global guidelines. The risk of cross-contamination is 

reduced by wearing clean clothes suitable for OR settings, covering head and facial hair to 

prevent hair, dandruff and skin cells from falling to surgical site and using sterile gowns and 

gloves in sterile field work (AORN 1998; AORN 2005; Phillips & Hornacky 2021, 267-276; 

Aholaakko 2018). A surgical mask is required from all team members working in the OR to 

prevent droplet and airborne contamination. When using face and head covering sterile 

helmet, e. g. in joint replacement surgery, mask is not required to be used underneath. 

CDC (2002, 17), AORN (2017) and WHO (2018) guidelines strongly recommend that surgical 

hand antisepsis is performed by scrubbing with either soap and water or using an alcohol-

based hand rub before donning sterile gloves. According to latest instructions by AORN (2017), 

WHO (2015) and Finnish University hospitals (HUCH 2019; TYKS 2020), the primary action of 

surgical hand antisepsis is using an alcohol-based hand disinfectant for three minutes, which 
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is also instructed by alcohol-based hand disinfectant manufacturers in Finland (KiiltoClean 

2022). Hands should be washed with soap before the first operation of the day and when they 

are visibly dirty or layered by disinfectant, jewellery is removed from the hands and wrists 

before surgical hand wash and rub (AORN 2017; HUCH 2019; TYKS 2020). This study observes 

if surgical hand rub with alcohol-based disinfectant product is performed before donning 

sterile gloves by sterile team members. The quality and durance of surgical hand rub were 

not assessed during observation. 

Based on research evidence, sterile gloves should be changed after draping, before implant 

handling and after macroscopic perforation risk of gloves has occurred (AORN 2007). Research 

suggest that gloves should also be changed at least once every 60 to 90 minutes, as risk of 

contamination and glove perforation increase with duration of surgery (Harnoss et.al. 2010; 

Autorino et.al. 2019). Padhye et.al. (2011) noticed that sterile gloves were often broken after 

90 minutes use and recommended changing gloves after 90-150 minutes. 

During surgery a single glove offers low protection to operating team members against needle 

stick injury, and to patient against microbe contamination through broken glove. According to 

Padhye et.al. (2011), sterile gloves are typically perforated after 90 minutes of use depending 

on the procedure and surgery technique. Tanner (2006) notes, that the Cochrane review in 

2002 found that wearing double gloves offers more protection against perforations that single 

gloving even during surgeries with low risk of perforation, but also that each surgical 

procedure should be evaluated individually. Wearing two pairs of gloves is a preventive and 

ensuring action which is widely used especially in orthopaedic procedures (Aarnio & Laine 

2001). Based on research results by Aarnio & Laine (2001) and Laine & Aarnio (2004), it is 

important to use double gloving at least in operations where high risk of glove perforation 

appears on the grounds of worker and patient safety. Korniewicz and El-Masri (2012) state, 

that the use of double gloves does not necessarily fully protect against perforations, but that 

the correctly used colour-indicator glove system may increase safety during surgery due to its 

premonitory feature. Study findings of Laine and Aarnio (2004) suggested that perforations in 

orthopaedic surgery are often caused by sharp bone edges and have occurred in 18,5% to 48% 

of the operations reviewed. However, a Cochrane-review on intraoperative interventions for 

the prevention of surgical site infection by Liu et.al. (2018) reported no significant 

correlation between double-gloving and SSI incidence.  

The risk of a contamination from falling body hair should be minimized during the procedure. 

If a sterile team member has eyelash extensions, they should wear goggles to protect the 

operation area and prevent surgical site contamination from falling eye lashes by using 

protective eye wear (Meriö-Hietaniemi & Palosara 2019). The use of eye shield is not 

otherwise required from sterile team members, but as a protective measure against blood 

and body fluid exposure it is highly recommended especially in operations with risk of splatter 
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(Neo et.al. 2013; HUCH 2017). Meriö-Hietaniemi and Palosara (2019) also remind, that 

eyeglasses should not be considered as protective eyewear, although they protect the eyes 

from splatter. There are also existing welfare-area and hospital centered guidelines that may 

prohibit the use of false eye lashes in the OR (TYKS 2020). 

2.4 Aseptic behaviour 

Sanitation, maintenance and HVAC (heating, ventilation and air-conditioning) of healthcare 

facilities are significant sectors of IPC. The importance of cleaning and disinfection is 

highlighted in institutions with a high risk of infection because some microbes are able to 

survive on surfaces from hours two weeks. Operating room is classified as a clinically clean 

area with high risk of infection due to its feature as an invasive procedure environment. 

(Teirilä & Pekkala 2010, 584-586.)  

Body fluids and blood cause a risk of cross contamination for the OR environment and team 

members, and bloodstains should be appropriately removed with a washing disinfectant 

immediately after they are noticed. Environmental cleaning is an essential measure to 

prevent the spread of pathogens. (Mangram et.al. 1999; Allegranzi & Pittet 2009; Aholaakko 

2018.) 

To prevent airborne microbe contamination during surgery, operating rooms have strict 

airflow standards maintaining highly accurate, excess pressured laminar airflow to steer clean 

air towards the sterile area and unclean air away from the surgical site (Rantala 2010, 238-

239). According to Dharan and Pittet (2002), ultra-clean air of OR during surgery has been 

shown to reduce SSI rates in orthopaedic implant operations. High-efficiency particulate air 

(HEPA) filters are recommended to be used in OR settings, which filter at least 99,97% of 

particles over 0,3Կm size (Anttila & Asikainen 2010, 138; Dharan & Pittet 2002). There are no 

standardized methods or guidelines for OR air bacterial measurement, but in most countries 

laminar OR airflow is recommended 20 air changes per hour (Dharan & Pittet 2002). The 

selection between vertical and horizontal airflow systems in OR is dependent on obstacle 

layout, work practices and airflow rates, but regardless of the chosen airflow method, door 

openings, excess number of personnel and improper positioning of OR team members or 

equipment can affect the efficiency of the ventilation (Rantala 2010, 238-239; Sadrizadeh, 

Holmberg & Tammelin 2014). The airflow systems of the observed units are based on vertical 

laminar airflow ventilation, starting from the ceiling above the operating table and moving 

out from one or two outputs in the ceiling and/or floor level. With every door opening of the 

OR the clean, filtered air of the surgery room is mixed with the unfiltered air from the 

hallways, which allows the air particles and microbe load in the air in the OR increase during 

surgery (Teter et.al. 2017; Aholaakko 2018). Change in air quality and disturbance in the 

airflow may have an effect on SSI incidence (Sadrizadeh et.al. 2014). Mostly traffic in OR is 
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nonessential to the functions of the surgery (DeOliveira & Gama 2015) and exposes the 

surgical site to risk of airborne microbe contact (Bashaw & Keiter 2019). The efficiency of OR 

ventilation as an IPC technique is achieved only with appropriately worn surgical attire by the 

team and if OR doors are remained unopened during procedures (Rantala 2010, 240). 

Controlling traffic in the OR is a significant measure to prevent SSI and PJI in orthopaedic 

operations (Tarabichi & Parvizi 2023). 

Personnel entering the OR should wear a mask when sterile items and equipment are present 

(AORN 2005; Phillips & Hornacky 2021, 267-276). Surgical attire guidelines include clean scrub 

attire, shoes, head coverings and masks (Mangram et.al. 1999; AORN 2005; AORN 2018). To 

protect the personnel and other patients from being transmitted harmful microbes during 

healthcare treatment, standard precautions are performed in all patient care (CDC 2016; 

Moralejo et.al. 2018). According to a Cochrane-review by Moralejo et.al. (2018), standard 

precaution adherence among healthcare personnel could be improved by peer-evaluation. 

They discovered in a comprehensive literature search that observed adherence to standard 

precautions was increased, but also noticed significant variation in baseline adherence, in 

changes between and within studies and in the practices evaluated (Moralejo et.al. 2018). 

The risk of vector borne contamination should be minimized by wearing clean clothes suitable 

for OR settings (Mangram et.al. 1999; AORN 2005; Phillips & Hornacky 2021, 252-265) and 

avoiding contact to personal items and clothing brought from outside the aseptic area, such 

as backpacks and doctor’s jackets (AORN 2007). Personal items are exposed to blood and body 

fluids in perioperative settings and should not be stored in OR (AORN 2007), but they also 

offer a risk of vector borne contamination of the OR setting and patient from the surfaces of 

the belongings, such as personal mobile phones brought outside the OR (Boucherabine et.al. 

2022). Touching face and mouth the personnel expose patient and staff to vector borne risk 

of contamination (Aholaakko 2018). Because hand-to-hand, hand-to-skin, hand-to-nose, hand-

to-mouth or hand-to-eye actions can lead to direct or indirect transmission of microbes, food 

and drink should not be present in perioperative settings (AORN 2007; Girard 2008). 

A patient carrying a contagious and possibly SSI causing antimicrobial resistant (AMR) microbe 

such as Methicillin-Resistant Staphylococcus aureus (MRSA), Vancomycin-resistant Enterococci 

(VRE) and Carbapenem-Resistant Enterobacteriaceae (CPE) should be treated with contact 

precautions and isolated from other patients during their hospital stay (AORN 2007; WHO 

2015, 9; CDC 2022). Contact, droplet and airborne precautions are used in addition to 

standard precautions as a safety measure to prevent the transmission of infectious agents 

(CDC 2022). Ayukekbong (2019, 158-161) states, that healthcare facilities should have an 

existing environmental cleaning, antibiotic stewardship and contact precaution practice 

guideline for the perioperative process of an AMR microbe carrying patient. According to 

guidelines of Finnish University hospitals, AMR laboratory tests are also required from a 
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patient treated in a hospital abroad in the past year and from a patient using iv-drugs, to 

prevent the transmission of HCAI’s (CDC 2022; Kurvinen et.al. 2018; Similä 2020, 6-9; TAYS 

2021; HUCH 2021). The participating organisation of the study has a guideline for the 

perioperative care of patients who are or may be infected or colonized with HCAI agents, 

which includes preoperative laboratory tests to examine a possible colonization, PAP 

evaluation by the surgeon and contact precaution guideline for possible and confirmed 

carriers of an AMR microbe.  

2.5 Aseptic technique in the establishment and maintenance of the sterile fields 

The establishment and maintenance of the sterile fields require rigorous AT to prevent SSI 

risk increasing sterile equipment contamination (Mangram et.al. 1999). The establishment 

phase includes creating the sterile table, opening of sterile packages, and disinfection and 

covering of the surgical field (Aholaakko 2018). The maintenance phase includes actions in 

sterile areas during surgery (Aholaakko 2018). 

The handling of sterile equipment should be done according to sterile practices without 

compromising the sterility of the settings. Sterile fields should be prepared as near as possibly 

of the starting time of the surgery to avoid unnecessary air contact and risk of contamination 

(AORN 2006; Bussieres et.al. 2017; Aholaakko 2018; Bashaw & Keister 2019; Phillips & 

Hornacky 2021, 252-265.) According to review of Bussieres et.al. (2017), it is not possible to 

define the specific time frame for optimal sterile table establishment when referring to 

existing data. The recommendations of sterile field establishment are unclear regarding the 

time of instrument tray sterility and referring to a single study, it was noted that there is low 

risk of instrument contamination within the first 30 minutes of exposure in an unoccupied OR 

(Bussieres et.al. 2017). Several recommendations (AORN 2006; Mangram et.al. 1999) lean on 

the practice of sterile field establishment as near incision time as possible, but it is 

impossible to know the exact the starting time of the surgery due to unpredictable 

circumstances. There is very little research regarding the optimal moment of opening sterile 

trays and Bussieres et.al. (2017) note that it is a significant area of AT to be developed for 

exact recommendation creation. 

When establishing a sterile table, tossing sterile items on includes a risk of contamination for 

the item and a risk of breakage of the sterile drape (AORN 2006; Aholaakko 2018; TYKS 2020). 

Unsterile personnel should keep distance to sterile areas and not lean over a sterile table 

because of risk of contamination from personnel’s attire (AORN 2006; Brower 1868 in Phillips 

& Hornacky 2021, 261). The sterile table needs to be under surveillance at all times (AORN 

2006; 2010, 94-95). 

During the disinfection of the surgical site the circulating nurse needs to comply with AT 

principles by avoiding contact of unsterile clothing and body parts with the established sterile 
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field (Phillips & Hornacky 2021, 259) and conduct the preparation of the surgical site in a 

manner that follows the guidelines of AT and the manufacturer of the product used (AORN 

2010, 260-261). Although research by Markel et.al. (2018) suggests that use of long sleeves as 

part of surgical attire would decrease bacterial bioburden during prepping surgical site, long 

sleeves easily expose the sterile site to unintended contact with unsterile clothing. Use of 

long sleeves when preparing sterile field is recommended by AORN (2005) to prevent skin 

cells and hair falling to sterile area but is not commonly recommended by Finnish national 

healthcare authorities because of the contamination risk of unsterile clothing and cloth dust 

(Kurvinen et.al. 2018; HUCH 2017). The significant factor of AT is that regardless of the attire 

worn by circulating nurse, the sterile areas are kept sterile at all times during establishment 

and maintenance phases.  

According to AORN (2010, 260-261) guidelines, surgical site asepsis should be performed as 

instructed by the product manufacturer, starting the performance from the incision site 

proceeding to periphery depending on the operated area, taking account the direction from 

clean to dirty areas and the flowing direction of the used fluid. Internationally recognized 

skin disinfection and antiseptic agents are chlorhexidine gluconate, iodophors, triclosan and 

chloroxylenol (para-chlorometaxylenol) and octenidine (WHO 2009, 52-53). In Finland the 

commonly used disinfectants are 77-80% percent denaturized ethanol alcohol and 

chlorhexidine products. The product-specific instructions should be followed due to different 

impact mechanisms and applying techniques of the disinfectants: When using alcohol based 

fluid the disinfection is instructed to be done with long solid sweeps (Finntensid 2023), with a 

chlorhexidine-isopropyl alcohol applicator the disinfection is done with rubbing back and 

forth for three minutes (BD 2023) and with povidone iodine paint the disinfection is usually 

done with rubbing in circle motions (Dumville et.al. 2013).  

Physical movements near the surgical site cause airflow with particles and create a risk of 

unintentional airborne contact (Phillips & Hornacky 2021, 254-255). Movements of unsterile 

personnel near the sterile sites expose the equipment and tables for falling microorganisms 

from unsterile clothing (Friberg & Friberg 2005; Phillips & Hornacky 2021, 261). An unsterile 

person should never lean over sterile area or approach it without informing sterile team 

members (AORN 2006; Phillips & Hornacky 2021, 261). Sterile areas should be monitored at all 

times and unsterile personnel should keep a visible distance when moving near sterile sites 

(AORN 2006). Sterile personnel should not turn their back to sterile fields especially after 

contamination of their back side when sitting in a stool. The back side of the gown is 

considered unsterile: Microbe growth of the sterile gown is highest above the chest (33%–42%) 

and below the operating room table (17%–22%) (Bible et.al. 2009). Bible et.al. (2009) state 

that based on research evidence, the front of the gown between the operative table and the 

chest are areas of greatest sterility (contamination rates 6%–9%).  
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3 Research aims 

The aim of the study was to observe and evaluate the AP carried out by the OR personnel 

during orthopaedic operations and provide need analysis for future development based on 

results. CDC (Mangram et.al. 1999), WHO (2018) and AORN (2021) have published guidelines 

on SSI preventive measures and AP in operating room, which were used as requirements in the 

tool and the Baseline Model for Intraoperative AP originally created by Aholaakko (2018) was 

acting as a framework in the process. PICOT-model of the research is presented in Figure 2.  

 

Figure 2: PICOT-model of the research 

The objectives of the research were the following: 

1) To observe the AP of OR personnel in orthopaedic operations 

2) To analyse the AP of the personnel  

3) To improve the aseptic practices of operating room personnel during the project and 

based on the research results 

4) To provide need analysis for future development 

Research questions examined based on previous literature results were: 

1) Are hand hygiene enabling products available for staff members? 

2) Is hand hygiene realized among staff members regarding hand jewellery and watches? 

3) Was PAP administered according to guidelines? 

4) Is the use of indicator gloves adherent? 

5) Is the use of protective eyewear adherent? 

6) Are there differences in preparations for practicing in the sterile field among 

personnel? 
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7) Are there differences in adherence between aseptic behaviour, sterile field 

establishment and maintenance in implant surgeries and non-implant surgeries? 

8) Is there association between number of door openings and duration of the surgery? 

4 Research methods 

This chapter introduces the planning process, used methods and foci of observation of the 

study.  

4.1 Project timeline 

Project plan was presented for audience on November 16th, 2022. After permission of 

research implementation, a tentative timetable of the research and information letter was 

sent to directors of the units in December 2022. Field research was conducted between 

January 16th, 2023, and February 28th, 2023. One week (five working days) was preserved for 

each unit. The targeted publish date of thesis and result analysis of research project report 

were end of May 2023. Unit-specific results are planned to be presented for each 

participating unit by autumn 2023. Flow chart of research timeline is presented in Figure 3, 

which included literature search, tool construction, research planning, research 

implementation, result analysis and recommendations. 

 

 

 

 

 

 

 

 

 

Figure 3: Research flow chart  

4.2 Observation tool construction 

Aholaakko’s (2018) Baseline model for intraoperative aseptic practices (Figure 1) focuses on 

IPC related practical actions in the establishment, maintenance and disestablishment of the 

Literature search for 
operationalising the 
research questions 

August-November 2022 

 

Construction of the 
observation tool 

October 2022 

Research implementation 
January-February 2023 

Research planning 
November-December 

2022  

Research result analysis 
February-April 2023 

Providing 
recommendations based 

on need analysis 
May 2023 
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sterile field. In this study the observed and evaluated areas of AP are based on criteria by 

Aholaakko (2018; 2020) and CDC standard precautions (Table 1), international guidelines on 

AT and AB, hand hygiene, use of personal protective equipment (PPE), and sterile field work 

in the establishment and maintenance phases of the operation. The tool was constructed 

using the Baseline model for intraoperative AP (Aholaakko 2018, Figure 1) and Baseline 

principles for development of intraoperative AP (Aholaakko 2018, Table 2) as framework with 

the permission of the copyright holder. The observed areas were included to the instrument 

based on international and national guidelines and evidence-based recommendations. The 

research questions in the observation tool (Appendix 11) are focused on the sterile field 

establishment and maintenance phases of AP principles, but not evaluating the 

disestablishment of sterile fields.  

The selected AP included in the study were chosen based their easy real-time observational 

factors after Aholaakko’s (2018) Baseline principles (Table 2). The observed aspects of the 

applied Baseline model (Aholaakko 2018) are summand below (Figure 4). To improve validity 

of the research settings, the operations observed were clean orthopaedic surgeries with 

wound classification one. Topics under observation were divided to hand hygiene resources 

and realisation, PAP administration, preparations of sterile personnel, aseptic behaviour, and 

establishment and maintenance of sterile fields.  

 

Figure 4: Foci of observation applied according to the Baseline model for intraoperative 
aseptic practices (Aholaakko 2018©) 

Based on research evidence (DeOliveira and Gama 2015; Aholaakko 2018; Qvistgaard, Lovebo 

& Almerud-Österberg 2019; Parnikh et.al. 2022), international prospective and qualitative 

studies on AP and AT have been implemented, but the results are not directly comparable 

because of versatile study methods and different objectives of observation. Clinical 

observation and criteria-based evaluation were the used methods in Aholaakko’s (2018) study, 

which enables the comparison and utilization of research results. DeOliveira and Gama (2015) 

evaluated pre- and intraoperative practices of medical and nursing teams in Brazil including 
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an analysis of surgical glove tearing during surgery. Handaya and Werdana (2019) observed 

the performance of surgical hand scrub and sterile gowning among perioperative personnel in 

Indonesia. Ojanperä et.al. (2022) implemented an eight-year observational research on hand 

hygiene compliance and SSI incidence in Finland. Focused on the AP in the OR, the only 

Finnish academic level research conducted is Aholaakko’s study in 2018, which suggests that 

there is a need for further research.  

4.3 Literature search for observation tool construction 

The databases and terms used for relevant and reasoned criteria for the observation study 

tool construction search were the following: PubMed: (aseptic practices operating room) NOT 

(medication) NOT (pharmaceutical); EBSCO CINAHL: Aseptic practices AND operating room OR 

operating theatre OR surgery OR perioperative, hand hygiene operating room, surgical site 

infection operating room. The used citation management tool was Zotero and duplicates were 

removed after transferring the studies to Zotero application with the Zotero connector. Full 

text articles were searched between years 2005 and 2022. With EBSCO 22 results were 

retrieved and with Pubmed 23 search result, after removing duplicates, recommendations, 

and medical and medication related studies, 30 publications were achieved. Individual 

searches for sterile PPE, sterile table and sterile fields were performed in Laurea Finna-

portal, when also few abstract only-results were included due to lack of research material 

with a “seek further info”-note attached. Inclusion and exclusion criteria are presented in 

Table 3. A total of 45 research articles and 34 international and national recommendations 

were included in the literature review for tool construction (Appendices 1-3).  

Inclusion criteria Exclusion criteria 

Scientific research conducted in the last 17 years (from 2005 to 
2022), Cochrane-reviews between 1999 and 2022 

Thesis reports, newspaper articles 

Full text Abstract only (or seek further info-note included) 

Peer-reviewed: Qualitative studies, observation studies, 
prospective studies, quantitative studies, mixed methods 
research, systematic and integrative literature reviews 

Case reports, narrative literature reviews 

Language English and Finnish Other languages 

Scientific articles and official guidelines related to AP, AT and AB 
in OR and prevention of surgical SSI 

Other than OR AP, AT and AB and SSI prevention 
related articles and guidelines 

Table 3: Inclusion and exclusion criteria  

The strength of the research evidence used for tool construction were evaluated with the JBI 

Checklist for Analytical Cross-Sectional studies (JBI 2020), the table of research strength 

evaluation is the Appendix 1. The standard system used in CDC Guideline for the Prevention 

of Surgical site infection (Table 4, Berrios-Torres et.al. 2017) which describes the evidence 
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basis levels in recommendations, was used to assess the strength of the recommendations in 

in Appendix 2. Appraisal on literature reviews and other relevant studies are in Appendix 3. 

The rationale of evidence strength is combined in the following chapters. 

Category  Recommendation 

IA A strong recommendation supported by high to moderate-quality evidence 
suggesting net clinical benefits or harms 

IB A strong recommendation supported by low-quality evidence suggesting net 
clinical benefits or harms or an accepted practice (e. g. aseptic technique) 
supported by low to very low-quality evidence 

IC A strong recommendation required by state or federal regulation 

II A weak recommendation supported by any quality evidence suggesting a trade-
off between clinical benefits and harms 

No 
recommendation/ 
unresolved issue 

An issue for which there is low to vey low-quality evidence with uncertain trade-
offs between the benefits and harms or no published evidence on outcomes 
deemed critical to weighing the risks and benefits of a given intervention 

Table 4: CDC Standard System in the Guideline for the Prevention of Surgical site infection 
(Berrios-Torres et.al. 2017) 

4.4 Clinical observation and criteria-based evaluation 

Research method of the project was clinical observation and criteria-based evaluation; the 

researcher evaluated the defined objectives as an outside observer without participating in 

the OR work. A qualitative approach was chosen to be the study method to be able to adjust 

the used tool during observation period and to make field notes for development purposes for 

the organization. Previous research results indicate that observation is an effective way to 

support behaviour change (Ojanperä et.al. 2022) and according to Polit and Beck (2004, 320), 

nursing related problems are more suitable for observational studies rather than research 

methods based on self-reporting. Observation of hand-hygiene compliance is a commonly used 

tool of infection prevention quality control (Joint Commission International 2009, xxiii). The 

observations in the study were processed with a tailored, anonymous data collection 

instrument for observation: The Intraoperative Aseptic Practices of Operating Room 

Personnel-tool (Appendix 11). The tool was mutual for all OR-units, but data collection papers 

were marked unit specifically to enable comparison of results between units for separate 

evaluation. No staff or patient related personal information was collected as part of data. 

The language of the information letter and informed consent for the participating OR-

personnel, and media release on research results was Finnish. The observation tool, final 

thesis report and abstract were written in English. 

Observation was chosen to be the study method, to ensure the stability of the observed points 

and reliability of the IPC measures in orthopaedic surgeries. Based on previous studies 
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(Aholaakko 2018; DeOliveira & Gama 2015) and theory basis (Polit & Beck 2004, 320), clinical 

observation and criteria-based evaluation using structured data collection tools were suitable 

collection methods for the study. The OR personnel might be euphemistic when being 

observed, but observation usually shows realistically the practices carried out, especially if 

the surgery is urgent and AP are not considered as the priority of the operation. Observation 

is a reliable method for data collection because the researcher has the opportunity to focus 

on the routine details and make field notes (Burns & Grove 2011, 88). 

4.5 Operations under observation 

According to CDC guidelines by Garner (1982) and Simmons (1984) in Mangram et.al. (1999), 

wound classifications of the surgical site can be divided in four categories (Table 5): clean, 

clean-contaminated, contaminated and dirty-infected. The criteria for the operations 

included to research were clean class I orthopaedic procedures including hand surgery 

operations, and neck and lumbar spine procedures performed by neurosurgeon. The study was 

implemented in five OR-units, one week (five working days) at a time in five-week interval. 

Wound class   Description 

1: Clean Uninfected operative wound, respiratory, alimentary, genital or uninfected 
urinary tract is not entered, wound is primarily closed 

2: Clean-
contaminated 

Operative wound, respiratory, alimentary, genital or urinary tracts are entered 
under controlled conditions and without unusual contamination, operations 
involving the biliary tract, appendix, vagina and oropharynx, no evidence of 
infection 

3: Contaminated Open, fresh, accidental wound, major break in sterile technique or significant 
spillage from the gastrointestinal tract, acute inflammation encountered 
during incision 

4: Dirty-infected Old traumatic wound with retained devitalized tissue, existing clinical 
infection or perforated viscera, postoperative infection agents are present in 
the operative field before the operation 

Table 5: Wound classifications by CDC (Mangram et.al. 1999) 

4.5.1 Hand hygiene 

The WHO’s (2021) multimodal hand hygiene improvement strategy states that reliable and 

uninterrupted provision of alcohol-based hand rub and continuous supplies of hand hygiene 

enabling equipment need to be available for healthcare personnel and patients. Also AORN 

(2010, 69) and THL (2022b) state that to be able to carry out hand hygiene in OR, the tools 

need to be present.  

The criterion of the observed aspects is for frequent hand hygiene to be possible, the 

instruments to enable hand disinfection need to be accessible for OR personnel (WHO 2021, 5) 
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and hand disinfectant is available and easily accessible in at least three spots in the room. 

According to international guidelines, to protect healthcare personnel by preventing blood 

and fluid contamination, gloves should be used when handling patient mucous and secretions 

(Mangram et.al. 1999; WHO 2021, 5; Phillips & Hornacky 2021, 252-265; Parnikh et.al. 2022). 

The observed aspect was that gloves are available and easily accessible in at least three spots 

in the room. When dressing nonsterile gloves, hand should be clean to prevent the 

contamination of the products (Spruce 2013; AORN 2017, THL 2022b), based on 

recommendations the observed aspect was that hand disinfectants are located near the glove 

boxes.  

Jewellery and watches are microbe contamination risks and prevent hand hygiene: 

Perioperative team members should not wear jewellery on hands during patient care (AORN 

2005; WHO 2009; AORN 2017; Boucherabine et.al. 2022). Although AORN (2010, 76) mentions 

that research results do not yet sufficiently support the total denial of nail polish in HCW, the 

guidelines of The Finnish Institute for Health and Welfare (THL 2022a) state that the use of 

nail polish is forbidden for healthcare personnel. Objectives of the study are that there are no 

watches or rings, visible nail polish/gel polish/artificial nails on any team member. The 

criteria under observation for hand hygiene are presented in Appendix 4. 

4.5.2 Preparations of the patient 

Based on strong research evidence, a PAP administrated in a favourable time frame before 

incision significantly reduces both deep and superficial surgical site infections. A safe and 

effective antibiotic prophylaxis should be selected by the surgeon based the best agent 

depending on patient and procedure related features. The correct dose of PAP should be 

administered at adequate time to achieve antibiotic concentration in blood serum and tissue, 

to minimize the microbe load in the surgical site at the time of the incision. (Mangram 1999; 

ECDC 2013; WHO 2016.) 

The study observed if a designated PAP was administered 60 minutes pre-incision or 

tourniquet inflation as recommended by Finnish welfare-area-focused instructions after 

international guidelines. Other patient related preparations included in observation were 

regarded as establishment of sterile field. The criterion for PAP administration is presented in 

Appendix 5. 

4.5.3 Establishment of sterile field  

All criteria on sterile field establishment are presented in Appendix 5 together with the 

criterion of PAP administration. Preparing the sterile field as near to the time of performance 

as possible reduces the risk of contact, droplet and airborne microbe contamination (AORN 

2006; AORN 2010, 94-95; Bussieres et.al. 2017). There are no specific recommendations and 



  27 

 

 

little research on the time frame of sterile field creation, but it is estimated that sterile 

tables should not be created more than one hour before starting the operation (Aholaakko 

2018). As a side note, AORN (2010, 94-95) recommends not to cover sterile tables to be used 

afterwards and highlights that sterile tables should not be moved between rooms, but stored 

in the same environment they are used.  

Sterile items should be given to a sterile team member or handled with a sterile instrument 

to avoid contamination of the equipment and breakage of the sterile tablecloth (AORN 2010, 

91; Aholaakko 2018). An observed aspect was that sterile items were not tossed on the sterile 

table but given to a sterile person/team member with sterile gloves or that they are handled 

with a sterile instrument if assistance is not available. 

Surgical skin asepsis is performed before sterile field creation to reduce skin flora on the 

incision site (WHO 2009, 51). When disinfecting the surgical site, the personnel should pay 

heavy attention to not touching the disinfected areas with unsterile clothing. Surgical site 

asepsis should be performed in the order from clean to dirty areas, while following the 

flowing direction of the used disinfection fluid (AORN 2010, 260-261; Rantala et.al. 2010, 221; 

Carroll 2015). The observed aspects were that unsterile clothing was not touching the sterile 

area during skin disinfection and that the surgical site asepsis is performed as instructed by 

the product manufacturer and hospital guideline, taking account the direction from clean to 

dirty areas and the flowing direction of the fluid.  

4.5.4 Preparations of sterile personnel 

Sterile personnel related preparations are presented in Appendix 6. Covering mouth and all 

the body hair of the team members when working in the sterile field to reduce the risk of 

person-to-person and vector borne contact microbe contamination is strongly recommended 

(AORN 2005; WHO 2009, 58; Phillips & Hornacky 2021, 267-276; Aholaakko 2018), based on 

the guidelines the observed objectives are that each OR team member is wearing a surgical 

attire (hair cap and a mask) at all times during the operation and that all sterile team 

members have a hair cap and mask and accordingly dressed PPE (sterile jacket & gloves, 

sterile hood for implant surgery) (Mangram et.al. 1999).  

Based on several international and national recommendations surgical hand preparation 

should be performed using an alcohol-based hand rub before donning sterile gloves and is an 

objective of the study (WHO 2009a, 54-60; AORN 2010, 79; Spruce 2014; AORN 2017; HUCH 

2019; Fernando et.al. 2017; WHO 2018). The surgical hand rub is observed based on structural 

criteria and the quality and durance of the process itself was not evaluated in the study. 

The risk of contamination and glove perforation increase with duration of surgery and double 

gloving is considered to be an efficient way to ensure patient and worker safety by revealing 
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tears in outer glove and enabling the changing of clean gloves during surgery without risking 

the surgical site (Mangram et.al. 1999; AORN 2007; AORN 2010, 279; Parnikh et.al. 2022; 

Matsuoka et.al. 2022; Karakus et.al. 2020; Hughes et.al. 2013; Phillips & Hornacky 2021, 267-

276). Although WHO (2009, 58) did not find significant difference on SSI-rates between single 

and double gloving, based on CDC (Mangram et.al. 1999) and AORN (2010, 279) 

recommendations and study results of Aarnio and Laine (2001; 2004), the observed objective 

is that sterile indicator (double) gloves are used in orthopaedic operations. 

As an occupational safety factor, goggles should be used when there is a risk of blood or fluid 

splatter (Mangram et.al. 1999; AORN 2010, 70; TYKS 2020). As a patient safety aspect should 

be noticed that if a sterile team member has eyelash extensions, they wear protective 

eyewear to protect the surgical site and sterile areas from falling eye lashes (Meriö-

Hietaniemi & Palosara 2019). The guidelines related to eyelash extensions and false eyelashes 

vary between welfare-areas and are forbidden to use in perioperative settings in some Finnish 

hospitals. The aspects observed are that if there is a risk of splatter during the procedure, 

protective eyewear is used and if a sterile team member has eyelash extensions, they wear 

protective goggles. 

4.5.5 Aseptic behaviour 

Surgical attire and behavioural aspects required in OR work are presented in Appendix 7. OR 

traffic is considered a significant SSI risk (Tarabichi & Parvizi 2023), traffic in and out of the 

OR should be avoided to enable the efficient functions of clean air-conditioning (Aholaakko 

2018). Based on research evidence (Dharan & Pittet 2002; Sadrizadeh et.al. 2014), times of 

opening the OR door when sterile fields were prepared was observed.  

Disinfection of a bloodstain should immediately be performed with nonsterile gloves and a 

suitable disinfectant product to avoid microbe growth in environmental surfaces (Mangram 

et.al. 1999; Aholaakko 2018).  

According to CDC (Mangram et.al. 1999) and AORN (2005; 2010, 67-68, 2018) 

recommendations, perioperative personnel should wear clean surgical attire; tops should fit 

close to the body or be tucked in pants to prevent the clothing from touching the disinfected 

area (Bashaw et.al.2017). In acute and invasive patient care units the healthcare organization 

is obliged to provide a suitable work outfit and PPE for the personnel according to collective 

labour agreements and national regulations (Finlex 2021). It was observed that guideline-

compliant attire was worn by all OR team members during the operation. 

AORN (2007) recommendations note that contact to personal items and clothing brought from 

outside the aseptic areas should be avoided in the OR (Aholaakko 2018; Phillips & Hornacky 

2021, 252-265), which indicates that personal items or clothing such as doctor’s jackets, bags 
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or backpacks should not be stored in the OR. Based on recommendations (AORN 2007; 2010, 

281), food and drinks should not be consumed in OR settings to avoid risk of bloodborne 

contamination of the eatable product and to avoid risk of cross contamination from personnel 

to patient (Aholaakko 2018). The observed aspect was that no eating or drinking was done in 

the OR.  

Research evidence indicates that sterile gloves used in surgery should be changed when gloves 

are noticed broken (AORN 2007) or the risk of glove perforation is significantly increased. 

Based on research the adequate time of glove changing is 60-150 min after incision (Harnoss 

et.al. 2010; Padhye et.al. 2011; Autorino et.al. 2019). The observed aspect was that sterile 

gloves were changed if noticed to be broken or if the operation lasted longer than 120 min = 

2h, relating to national guidelines (TYKS 2020). The duration in none of the 49 observed 

surgeries was more than 120 minutes and the criteria was not included in result analysis. 

CDC (2022) emphasizes that a patient known to be a carrier of an antibiotic resistant microbe 

or is at significant risk of being a carrier, should be tested negative for the microbe or be 

treated with contact precautions during their hospital stay which is also included in Finnish 

University Hospital intraoperative care contact precaution guidelines (AORN 2007; AORN 2010, 

289-291; Ayukekbong 2019, 158-161, 244-247; Similä 2020, 6-9; TAYS 2021; Phillips & 

Hornacky 2021, 249, 257). The observed aspect in the tool was that if the patient was known 

to be carrying an antibiotic resistant microbe, they were treated with contact precautions 

according to the organization contact precaution protocol and referring to international 

guidelines on IPC (CDC 2022). However, none of the patients of the observed operations was 

known to be an antibiotic resistant microbe carrier and contact precautions were not 

required in any of the observed cases and based on zero variables the aspect was not included 

in the results analysis. 

4.5.6 Maintenance of sterile field 

Appendix 8 describes the observed areas related to sterile field maintenance. Unscrubbed 

person should remain eye contact and visible distance to sterile field when moving near the 

area and not move between two sterile fields (AORN 2010, 91-94; Aholaakko 2018; Phillips & 

Hornacky 2021, 254-255, 261). The sterile field should be kept between areas with lower 

contamination risk, and regions of the gown that are not considered sterile after moving near 

unsterile areas should not be in direct contact with the operative field (Bible et.al. 2009). 

This leads to the conclusion that the operating team should not turn their back to sterile 

fields (Bible et.al.2009; AORN 2010, 91-94; Aholaakko 2018), which was included in the 

observation. 
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4.6 Data collection and recruiting of the informants 

The participating units were chosen based on the volume of operations, from which the units 

with most patients were elected to ensure the adequate number of observations in the time 

frame planned. The managers and medical directors of the participating units received 

information letter on January 9th, 2023, through e-mail and had a possibility to influence on 

the planned observation period if the tentative dates were not suitable for the unit or the 

criterion for the observation was not fulfilled during the planned timeline. The information 

letter was printed available for unit personnel a week before research implementation. A 

total of five OR units participated in the research, 49 observations were collected in 15 days.    

The OR coordinators of the units addressed the suitable procedures for observation each day 

in co-operation with the researcher. Information letter was presented together with the 

informed consent form for all surgery team members during the research before each 

observation event. The participants had the possibility to decline from observation. A risk of 

the research was that not enough operations were performed during the time frame planned 

for the observation. The number of operated patients is dependent on several variables and 

for example winter holiday season had an effect on the surgery schedule, when less operating 

surgeons were available. Delays in intraoperative care caused interference in planned 

research settings. The presence of the observer may have affected on the participant 

behaviour and reflected a temporary change in their usual activities. Also not receiving 

informed consent from participants was a realistic risk for the study success. Possible 

negative attitude against the study topic and unwillingness to participate in observation could 

have prevented the research implementation in a part or all of the units planned. The aims 

and objectives of the research project were important to be introduced for the participants 

to gain their acceptance and informed consent for the observation. The research method was 

not measuring the level of knowledge among the OR personnel and it was not a self-

assessment tool.  

Data was collected with the “Intraoperative aseptic practices of operating room personnel”-

observation tool (Appendix 11). Answers in the tool were valued between 0-1 depending on 

the presence of the variable and recoded into suitable variable form based on topic for 

summation variable examination. Summation variables were created to evaluate the possible 

mutual effect and reliability of AP themes. Notes on OR environmental features and possible 

deviations during surgery were documented in the measurement tool notes-section for staff 

feedback and unit-specific development purposes, which were not included in the report. 

4.7 Data analysing method 

The research was implemented as local small scale observational clinical AP quality 

improvement study with statistical data analysis. The observational data of 49 operations was 
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processed with SPSS-software: Mean and standard deviation were used for the descriptive 

analysis of the research data. Also summation variables constructed of sets of criteria 

according to the evaluation foci were examined (Table 6). The results were analysed using 2-

point dichotomous scale: The answers “yes” and “no” were valued with numbers “1” and “0” 

to enable data analysis in SPSS-programme, “not applicable” answers appeared as missing 

values in SPSS, or they were converted to a suitable variable by re-adjusting the research 

question to match the scale. The number of door openings were counted as frequencies of 

door openings per operation and the durations of each observed surgery were counted as 

minutes.  

Table 6: Summation variables of aseptic technique during operation 

The variables were combined to theme-related summation variables based on their mutual 

features to be able to examine correlations and reliability of the material. The reconstruction 

of summation variables is also beneficial to prevent the variable dispersion into too small 

groups (Alkula, Pöntinen & Ylöstalo 1994, 153-154). According to Burns and Grove (2011, 95-

96), especially when processing results of a qualitative research, it is important to rigorously 

Summation variable Variable 

Hand hygiene enabling  Hand disinfectant is available and easily accessible in at least three spots in the room 

instruments are available Gloves are available and easily accessible in at least three spots in the room 

 Gloves are located near the glove boxes 
Hand hygiene realisation  No watches or rings 

 No nail polish or gel/artificial fingernails 

Preparations of the 
patient 

Preoperative AB-prophylaxis 

 Sterile field is created less than an hour before operation 

Establishment of sterile 
field 

Sterile items are not tossed on the sterile table, but are given to a sterile person/team 
member with sterile gloves/are handled with a sterile instrument 

 When disinfecting the surgical site unsterile clothing is not touching the sterile area. 

 Surgical site asepsis is performed as instructed by the product manufacturer and hospital 
guideline, taking account the direction from clean to dirty areas and the flowing 
direction of the fluid. 

 Surgical hand rub is performed by sterile team members 

Preparations of sterile 
personnel 

All sterile team members have a hair cap and mask, and accordingly dressed PPE (sterile 
jacket & gloves, sterile hood for implant surgery) 

 Indicator gloves are used 

 Protective eyewear is used if risk of splatter or sterile team member has eyelash 
extensions 

 Each OR team member is wearing a hair cap and a mask at all times during the operation 

Aseptic behaviour Sterile gloves are changed if noticed to be broken 
No personal items or clothing (backpacks, doctor’s jackets) are stored in the OR 
No eating or drinking in the OR 

 Disinfection of a bloodstain is immediately performed with nonsterile gloves 

 Times of opening the OR door when sterile fields are prepared 

 Unscrubbed person does not move between two sterile fields 

Maintenance of sterile 
field 

Unscrubbed person keep eye contact and visible distance to sterile field when moving 
near the area 

 Sterile field is visible for sterile members at all times (back is not turned) 
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identify suitable variables from original data for theme reconstruction. In this study the 

qualitative observations were quantified and used as summation variables. The structure and 

content of the tool were adjusted during the research based on observation experiences due 

to the requests of the informants, who were willing to get feedback concerning the surgical 

site asepsis. To meet face validity and increasing acceptance of the informants, the 

evaluation of surgical site asepsis performance was added to the observation tool. This 

appears as missing values in the first five observations. During tool construction the codes 

linked to data were divided to themes and evaluated to be suitable for theme-focused 

evaluation based on their characters. “The number of door openings”-variable was not 

included to the summation variable “Aseptic behaviour” because of its continuous measure, 

which was not suitable to be analysed among the nominal variables. Means and standard 

deviations of the items and scales were analysed. The differences between means of normally 

distributed independent items were tested by independent sample t-tests with equal 

variances assumed. Pearson coefficient, which measures the correlation of continuous and 

dichotomous variables between -1 to 1 (Heikkilä 1998, 203), was used to analyse the linear 

relationship of two variables. However, a strong correlation did not reflect a causal 

connection between the items (Heikkilä 1998, 91). The normality of continuous variables 

distribution was analysed with skewness or kurtosis and when being >2.0 the variable was 

assumed to have a non-normal distribution. The constructed summation variables included 

different number of items, so the reliability analysis by Cronbach α was not implemented. 

5 Research results 

This chapter introduces the results according to study objectives. Total of 49 observations 

were collected during research in five participating OR units located in different parts of 

Finland. The operations included in observation were clean orthopaedic, hand and spine 

surgeries: Spinal microdiscectomies, lower limb and hand fracture stabilizations, knee and 

shoulder arthroscopies, knee ligament reconstructions and hand nerve releases. Six of the 

observed operations were joint replacement surgeries which are required to be performed 

within strict aseptic limitations. Duration and number of door openings after sterile field 

creation were calculated in all operations. The mean time of the operations was 51.38 

minutes. Minimum time of a surgery was 12 minutes and maximum time was 98 minutes. 

Because none of the procedures lasted over 120 minutes, the aspect of glove changing after 

120 minutes was not included in the result analysis. Also the criterion of contact precaution 

use was removed from result analysis because none of the operated patients was known to be 

a carrier of an antibiotic resistant microbe or exposed to one. 

The results are presented in the following chapters in the order of the summation variables 

describing AB and AT in the used tool. Table 7 describes the key results in all themes and 
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objectives. When evaluating all objectives describing AB and AT performed during operation, 

the means between the summation variables varied from 1.82 to 4.82, but the number of 

items used in the summation variables are not identical. 

Table 7: Summated variables describing aseptic practices performed during operation 

The highest means appeared in the preoperative AB-prophylaxis (mean 0.98, SD 0.143), hand 

hygiene realisation (mean 1.82, SD 0.391), preparations of sterile personnel (mean 3.86, SD 

 Variable Realisation 
% 

Realisation 
% 

Min-
max 

Mean 
(SD) 

Hand hygiene 
enabling 
instruments 
are available 

Hand disinfectant is available and easily accessible in at 
least three spots in the room 

98 

  
 

0-3 
2.24 

(0.751) 

 Gloves are available and easily accessible in at least 
three spots in the room 

49 
74.9  

 

 Gloves are located near the glove boxes 77.6    

Staff 
adherence to 
hand hygiene 

No nail polish or gel/artificial fingernails 
83.7 90.9 

 
0-2 

1.82 
(0.391) 

 No watches or rings 98    

Preparations 
of the patient 

Preoperative AB-prophylaxis 
97.7 

97.7  
0-1 

0.98 
(0.143) 

 Sterile field is created less than an hour before operation 
91.8 

  
 

 

Establishment 
of sterile 
field 

Sterile items are not tossed on the sterile table, but are 
given to a sterile person/team member with sterile 
gloves/are handled with a sterile instrument 

100 

  

 

 When disinfecting the surgical site unsterile clothing is 
not touching the sterile area. 

98 
89.5 0-4 3.51 

(0.545) 

 Surgical site asepsis is performed as instructed by the 
product manufacturer and hospital guideline, taking 
account the direction from clean to dirty areas and the 
flowing direction of the fluid. 

68.2 

  

 

 Surgical hand rub is performed by sterile team members 100    

Preparations 
of sterile 
personnel 

All sterile team members have a hair cap and mask, and 
accordingly dressed PPE (sterile jacket & gloves, sterile 
hood for implant surgery) 

100 96.4 

0-4 
3.82 

(0.354) 

 Indicator gloves are used 93.9    

 Protective eyewear is used if risk of splatter or sterile 
team member has eyelash extensions 

91.8 
  

 

Aseptic 
behaviour 

Each OR team member is wearing a hair cap and a mask 
at all times during the operation 

95.9 
  

 

 Sterile gloves are changed if noticed to be broken  100    

 No personal items or clothing (backpacks, doctor’s 
jackets) are stored in the OR 

93.9 
90.7  4.82 

(0.441) 

 No eating or drinking in the OR 98  0-5  

 Disinfection of a bloodstain is immediately performed 
with nonsterile gloves 

66 
  

 

 Times of opening the OR door when sterile fields are 
prepared 

N/A 
  

 

Maintenance 
of sterile 
field 

Unscrubbed person does not move between two sterile 
fields 81.6 

  
 

 Unscrubbed person keep eye contact and visible distance 
to sterile field when moving near the area 

79.6 
76.9 0-3 2.31 

(0.822) 

 Sterile field is visible for sterile members at all times 
(back is not turned) 

69.4 
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0.354) and aseptic behaviour (mean 4.82, SD 0.441). Standard deviation between themes 

varied, describing the distribution of the values around the mean, from 0.354 to 0.822, being 

highest in sterile field maintenance (SD 0.822) and availability of hand hygiene products (SD 

0.751). The SD varied less in preoperative AB-prophylaxis (SD 0.143), preparations of sterile 

personnel (SD 0.354) and hand hygiene realisation (SD 0.391) making coherent AP visible 

during the observed operations. The least coherent AT was the sterile field maintenance 

(mean 2.3, SD 0.822): In some of the observed operations none of the measured objectives 

realised.  

5.1 Hand hygiene 

Hand hygiene-area describes the denominators of the availability of hand hygiene products, 

and the use of watches, rings, nail polish, gel or artificial nails in surgery. When evaluating 

the hand hygiene enabling instruments (Table 7), the availability of products was 74.9% 

(mean 2.24, SD 0.751). Hand disinfectant was available in three or more spots in 98% (n=48, 

mean 0.98, SD 0.143) of all observed surgeries and gloves were available in at least three 

spots in the room in 49% (n=24, mean 0.49, SD 0.505) of the observed operations. Hand 

disinfectants were located near glove boxes in 77.6% of operations (n=38, mean 0.78, SD 

0.422).  

 Yes No Total 

Adherence to hand hygiene in nail polish n=41 (83.7%) n= 8 (16.3%)  N=49 (100%) 

Adherence to hand hygiene in use of watches or 

rings 

n=48 (98%) n= 1 (2%)  N=49 (100%) 

Table 8: Actualization of hand hygiene in nail polish products  

The realisation of hand hygiene was 90.9% (mean 1.82, SD 0.391) of all observed operations: 

one point in 18.4% (n=9) and two points in 81.6% (n=40), which indicates that staff adherence 

to hand hygiene was in an acceptable level in 40 operations and low in nine observed cases. 

During the observed operations, 16.3% (n=8) of personnel was wearing nail products during 

surgery and hand jewellery or watch was worn by 2% (n=1) of the observed staff members 

(Table 8). The results suggest little variation (SD 0.391) in AP in hand hygiene realisation, but 

higher differences in the availability of hand hygiene products (SD 0.751). A statistically 

significant correlation between hand disinfectant and glove availability (л = -0.147, p > 0.05) 

in the OR was not identified, but a correlation between hand hygiene realisation and 

availability of hand hygiene products (л = -0.411, p = 0.003) was statistically significant. The 

availability of hand hygiene products and aseptic behaviour (л = -0.364, p = 0.010) correlated 

in a statistically significant manner suggesting that increase in hand hygiene products would 

be connected to less coherent aseptic behaviour. However, there was no visible connection 

between the two themes during observation. Also a weak correlation between hand hygiene 
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realisation and aseptic behaviour (л = 0.404, p = 0.004) was discovered meaning that in 

operations where the hand hygiene was performed in an adherent manner also the aseptic 

behaviour was performed in an adherent manner. 

5.2 Preparations of the patient 

In 44 of the operations preoperative antibiotic was prescribed by the surgeon and was 

correctly administered in 97.7% (n=43, mean 0.98, SD 0.143) of the observed cases. In 2.3% 

(n=1) of observed operations PAP was prescribed to be given, but not administered to the 

patient before tourniquet inflation due to a staff member’s human factor which delayed the 

incision. In 10.2% of all observed operations (n=5) PAP was not instructed to be given 

preoperatively by the surgeon based on guidelines related to the surgery characteristics.   

5.3 Establishment of sterile field  

Establishment of sterile field was adherent to recommendations in 89.5% (mean 3.51, SD 

0.545) of operations. In 8.2% (n=4) of the observed operations sterile table was created more 

than 60 minutes before operation and covered with a sterile cloth. In 91.8% (n=45, mean 

0.92, SD 2.77) of operations the sterile table was created less than 60 minutes before surgery.  

 Yes No Total 

Surgical site is not contaminated by clothing during 

asepsis 

n=48 (98%) n= 1 (2%)  N=49 (100%) 

Surgical site asepsis is performed as instructed by 

the product manufacturer and hospital guideline, 

taking account the direction from clean to dirty 

areas and the flowing direction of the fluid 

n=30 (68.2%) n= 14 (31.8%)  N=44 (100%) 

Table 9: Surgical site asepsis 

Surgical site was contaminated by unsterile clothing during surgical asepsis in 2% (n=1) of the 

observed operations and remained intact in 98% (n=48, mean 0.98, SD 0.143) of observations 

(Table 9). In all of the observed surgeries sterile items were placed on sterile table according 

to guidelines and not tossed but given to a sterile person. Surgical site asepsis was performed 

in a manner instructed by the product manufacturer and complying with AT guidelines in 

68.2% (n=30, mean 0.68, SD 0.471) of the observed operations. The surgical site asepsis was 

not performed according to AT-guidelines when the swiping was done against the fluid flow or 

from dirty to clean areas in 31.8% (n=14) of the operations. In all the observed cases, ethanol 

alcohol fluid was used as the surgical asepsis product and in one case also chlorhexidine-

ethanol fluid was used to clean a part of the operated limb. In the first five cases the aspect 

was not evaluated due to modification of the tool during research period, which appear as 

missing values in the table. 
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5.4 Preparations of sterile personnel 

Preparations of sterile personnel was adherent to recommendations in 96.4% (mean 3.82, SD 

0.354) of operations. Sterile team members were dressed according to AT-guidelines in all 

operations, including joint replacement surgeries. Surgical hand rub was performed by sterile 

team members in all observed operations. The duration and quality of the performance were 

not assessed.  

Indicator gloves were used adherently in 93.9% (n=46, mean 0.94, SD 0.242) of all operations 

and not used despite the need in 6.1% (n=3) of operations. Adherence to goggle use was 91.8% 

(n=17, mean 0.92, SD 0.277), the nominator of protective eyewear was recoded to present 

both options of goggle use need. Protective eyewear was used in 91.8% of cases with risk of 

splatter or eyelash extensions (2%, n=1) worn by a sterile team member, no other members 

with false eyelashes were recorded during the study period. Protective eye shields were not 

used regardless of splatter risk in 8.2% (n=4) of operations. In 42.9% (n=28) use of protective 

eyewear was not necessary because of very low risk of splatter, however the hospital 

guidelines state that the use of protective eyewear is always recommended for sterile team 

members.  

5.5 Aseptic behaviour 

Aseptic behaviour was recommendation adherent in 90.7% (mean 4.82, SD 0.441) of observed 

operations. All OR team members were dressed according to surgical attire guidelines at all 

times during surgery in 95.9% (n=47, mean 0.96, SD 0.2) of operations (Table 10), the 

guideline was not partly followed and the attire was incomplete during the surgery in 4.1% 

(n=2) of cases. Food or drinks were not consumed according to guidelines in 98% (n=48, mean 

0.98, SD 0.143), and were consumed during 2% (n=1) of operations.  

 Yes No Total 

All team members are dressed accordingly n=47 (95.9%) n= 2 (4.1%)  N=49 (100%) 

Personal items are not stored in OR n=46 (93.9%) n= 3 (6.1%)  N=49(100%) 

No eating or drinking in the OR n=48 (98%) n=1 (2%) N=49 (100%) 

Sterile gloves changed if noticed to be broken n=8 (100%) n=0  N=8 (100%) 

Adherent blood stain removal during surgery n=6 (66%) n=3 (34%)  N=9(100%) 

Table 10: Aseptic behaviour 

Sterile gloves were noticed to be broken in 16.3% (n= 8) of all observed operations and were 

changed immediately after noticing according to guidelines in every event. In 83.7% (n=41) of 

all operations the gloves remained intact based on observation by sight and in none of the 

observed operations broken gloves were kept in use. No statistically significant correlation 

between adherent indicator glove use and changing of broken gloves was noticed (л =0.421, p 
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> 0.05). Blood stains were immediately removed according to guideline in 66% (n=6, mean 

0.67, SD 0.5) and not removed in 34% (n=3) of the observed operations with visible splatter 

(n=9). No need for blood stain removal was noted in 40 observed operations. 

5.6 Door openings during surgery 

The number of door openings-variable was not included in the summation variable of aseptic 

behaviour because of its scale-form and was examined as a separate objective. The mean 

number of door openings during the observed 49 operations was 6.45 (SD 3.753), with a 

maximum of 18 and minimum of one door opening (Table 11). The range of door openings was 

17. In 89.8% of cases the door openings during surgery were 10 or less and in 10.2% the doors 

were opened 11 times or more. In operations which lasted 45 minutes or less (n=24), the 

doors were opened approximately five times (mean 4.88, SD 2.708). When the operation 

lasted more than 45 minutes (n=25), the times opening the door was approximately eight 

(mean 7.96, SD 4.036). The Pearson correlation (л = 0.415, p = 0.003) points that an 

operation with duration more than 45 minutes has a statistically significant connection with 

the number of door openings, resulting that a longer operation possibly leads to more traffic 

than a surgery with shorter duration.  

The average number of door openings in implant surgeries (n=6) was 10 times (mean 10.33, SD 

3.933) and in non-implant surgeries (n=43) six times (mean 5.9, SD 3.435). The variation of 

door openings was wide between operations: In implant surgeries the range varied from seven 

to 18, and from one to 17 in non-implant operations. The normally distributed data was 

analysed by t-test leading to the conclusion that the differences in mean number of door 

openings between implant and non-implant surgeries (t = -2.91, p = 0.006) was statistically 

significant. With small sample size of implant surgeries, the result is not directly comparable 

to non-implant surgeries. 

Number of door openings during 

operation 
N Mean SD Minimum Maximum 

All operations 49 6.45 3.753 1 18 

Operation time 45min or less 24 4.88 2.708 1 12 

Operation time 46 min or more 25 7.96 4.036 3 18 

Implant surgery 6 10.33 3.933 7 18 

Non-implant surgery 43 5.91 3.435 1 17 

Table 11: Number of door openings 

5.7 Maintenance of sterile field  

Maintenance of sterile field was recommendation adherent in 76.9% (mean 2.31, SD 0.822) of 

operations. The actualisation of sterile field maintenance is presented in Table 12. The most 
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adherent part of sterile field maintenance was unscrubbed person not moving between two 

sterile areas: In 81.6% (n=40, mean 0.82, SD 0.391) of operations the guideline was followed 

accordingly. Unscrubbed personnel kept eye contact and visible distance to sterile fields in 

79.6% (n=39, mean 0.80, SD 0.407) of observed operations. Back was not turned to sterile 

fields buy sterile team members in 69.4% (n=34, mean 0.69, SD 0.466) of operations. 

 Yes No Total Mean SD 

Unscrubbed person does not move 

between two sterile fields 

n=40 (81.6%) n= 9 (18.4%)  N=49 (100%) 0.82 0.391 

Unscrubbed person keep eye 

contact and visible distance to 

sterile fields 

n=39 (79.6%) n= 10 (20.4%)  N=49(100%) 0.80 0.407 

Back is not turned to sterile fields 

by sterile team members 

n=34 (69.4%%) n=15 (30.6%) N=49 (100%) 0.69 0.466 

Table 12: Sterile field maintenance 

5.8 Surgery duration 

Table 13 presents duration of the operations related to AP. Aseptic behaviour did not differ in 

operations with duration of 45 minutes or less (n=24, mean 4.83, SD 0.482) and in operations 

of 46 minutes or more (n=25, mean 4.8, SD 0.408). During the maintenance of sterile field the 

recommendation adherence was higher in surgeries with shorter duration (n=24, mean 2.42, 

SD 0.776) than in operations of 46 minutes or more (n=25, mean 2.2, SD 0.866). There were 

no statistically significant differences in recommendation adherence between surgery 

duration and aseptic behaviour (t = 0.262, p >0.05) or sterile field maintenance (t = 0.921, p 

>0.05).  

 
Operation time 45-minute 

cut-off 
N Mean SD 

Aseptic behaviour Duration 45min or less 24 4.83 0.482 

 Duration 46min or more 25 4.80 0.408 

Maintenance of sterile field Duration 45min or less 24 2.42 0.776 

 Duration 46min or more 25 2.20 0.866 

Table 13: Surgery duration, aseptic behaviour and sterile field maintenance 

5.9 Aseptic practices in implant surgeries 

Of the observed operations 12% (n=6) were joint replacement surgeries. When evaluating the 

AP in implant surgeries, it was found similarly coherent as non-implant surgeries (Table 14). 

The SDs of mean values, measuring the distribution of recommendation adherence in implant 

surgeries varied from 0.00 to 0.333, being highest in aseptic behaviour and hand hygiene. 

Sterile team member preparations were highly adhered (100%) in joint replacement 

operations, no statistically significant difference between implant and non-implant surgeries 

was noted. There were statistically significant differences between non-implant and implant 
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surgeries in hand hygiene realisation (t = 2.197, p = 0.033), and aseptic behaviour (t = 3.110, 

p = 0.003). In implant surgery the door openings (л = 0.391, p = 0.006) were frequent. A 

statistically significant correlation between surgery duration and implant surgery (л = 0.531, p 

< 0.001) was also noted suggesting that joint replacement operations require longer operation 

time than non-implant operations. The correlation between implant surgery and hand hygiene 

realisation (л = 0.305, p = 0.033) was statistically significant. Hand hygiene adherence was 

high (mean 1.5, SD 0.548) in joint replacement surgeries. A statistically significant correlation 

between implant surgery and aseptic behaviour (л = -0.413, p = 0.003) was noticed. 

 Implant 
surgery 

N Mean SD t-test, p 

Hand hygiene products available Yes 6 2.50 0.548 t = -0.886, 

 No 43 2.21 0.773 p = 0.380 

Hand hygiene realisation Yes 6 1.50 0.548 t = 2.197, 

 No 43 1.86 0.351 p = 0.033 

Establishment of sterile field Yes 6 3.67 0.516 t = -0.748, 

 No 43 3.49 0.551 p = 0.458 

Preparations of sterile personnel Yes 6 4.00 0.000 t = -1.058, 

 No 43 3.84 0.374 p = 0.296 

Aseptic behaviour Yes 6 4.33 0.516 t = 3.110, 

 No 43 4.88 0.391 p = 0.003 

Maintenance of sterile field Yes 6 2.83 0.408 t = -1.711, 

 No 43 2.23 0.841 p = 0.094 

Number of door openings during operation Yes 6 10.33 3.933 t = -2.909, 

 No 43 5.91 3.435 p = 0.006 

Surgery duration (minutes) 
Yes 6 85.33 12.644 t = -4.292, 

 No 43 45.23 22.256 p < 0.001 

Table 14: Aseptic practices in implant surgeries and non-implant surgeries 

6 Discussion 

6.1 Realisation of aseptic practices in observed operations 

There is little research implemented in observational research method to evaluate the 

behaviour and compare the actions of perioperative personnel although the AP of healthcare 

staff have been globally a target of interest in several studies. DeOliveira and Gama (2015) 

identified partial adherence to proposed measures for the prevention of SSI by the observed 

professionals and recommended training and monitoring as part of patient safety and quality 

control. Aholaakko (2018) stated that due to varying compliance to existing intraoperative 
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recommendations, the OR staff’s adherence to AP requires improvement and that evidence-

based recommendations to AP oblige thoroughly planned and implemented patient- and 

worker-safety focused projects which highlight the importance of continual multidisciplinary 

development in SSI-preventive actions. Similar findings were noticed in the results of this 

study. 

Staff adherence to hand hygiene was in a good level in 91% of operations, but in 16.3% of 

observed surgeries a staff member was wearing nail products during surgery, although the 

national and hospital guidelines recommend to not wear nail polish in healthcare work with 

physical contact to the patient or healthcare equipment. The non-use of watches and rings 

was well established (98%), but according to guidelines the presence of hand jewellery should 

not be acceptable regardless of job description and surgery characteristics in the OR.  

Preparations of the patient regarding timely AB-prophylaxis of 60 minutes before incision or 

tourniquet inflation was excellent 97.7%, compared to a Brazilian study with 81.8% PAP 

adherence (DeOliveira & Gama 2015), however in which the criterion of timing was 30-60 

minutes and the results are not directly relatable. The aspect of contact precautions use was 

discarded from data analysis because no patients with need of isolation were operated during 

research period. The aspect of glove changing after 120 minutes was also removed from 

results, because there were no operations with duration of more than 98 minutes. 

When evaluating the establishment of sterile fields, creating sterile table less than one hour 

before operation and not tossing sterile items on sterile table was 96% in this study evaluating 

orthopaedic operations. The acceptance of recommendations was 81.5% in breast surgery 

(Aholaakko 2018), which suggests that the adherence to sterile field creation 

recommendations is more rigorous in orthopaedic surgeries or has possibly improved among 

personnel since previous observation study. In four of the observed cases (8.2%) sterile table 

was created more than 60 minutes before operation and covered with a sterile cloth, which is 

not recommended by AORN (2010, 94-95) guidelines. Disinfection of a blood stain was 

performed in 66% of the observed events. In breast surgery the self-reported adherence to 

blood spill disinfection was 83.3% (Aholaakko 2018). 

The surgical site asepsis, which was asked to be included to observation by study participants, 

was one of the most non-adherent areas observed (68.2%), and the personnel requested more 

education and information on the procedure. There is little education material on how to 

perform the theory of surgical site disinfection in practice and the policies between staff 

members and units vary based on learned practices, individual familiarization and former 

work experience. Previous findings of Zucco et.al. (2019) reasoned the lack of adherence to 

evidence-based practices among ward nurses to be attributed to inadequate training.  
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Sterile surgical team attire-related recommendations were well-established (100%), which 

reflects to the findings of DeOliveira and Gama (2015) with similar results. Adherence to 

double gloving was 93.9% and to the use of protective eyewear 91.8%, which is relatable to 

previous, although self-reported, results (Aholaakko 2018) suggesting that self-protective 

equipment is respected among personnel and willingness to protect oneself from patient-

originated microbes is high. The adherence to goggle wearing was found consistent (SD 0.277) 

in this study compared to Aholaakko’s (2018) results, in which variation was notable (SD 1.0) 

despite the good 80% acceptance of the recommendation. In this study the adherence of 

protective eyewear use was however evaluated only when there was a recognized risk of 

splattering and in the comparison study the goggle use was evaluated regarding all breast 

operations. Due to unpredicted events during invasive surgery the risk of droplet 

contamination is always present and there is a possibility of fluid contact e.g. when dosing 

local anaesthesia. It is justifiable to use protective eyewear in all operations despite the 

identified risk of notable splatter.  

Aseptic behaviour without including the aspect of door openings was 90.7% of all operations. 

Use of adherent attire when sterile fields were open was 95.9% of observed operations, where 

usually mask was not worn at all times in the OR. A tear in sterile gloves was noticed in 

16.3%, but in a Brazilian study (DeOliveira & Gama 2015) the glove breakage rate was 66.7% 

when inspected. Broken gloves were changed immediately after noticing a tear and reflected 

to sterile team attire-related results on self-protection. Because the integrity of the gloves 

was not inspected after wound closure, absolute results were not available. In the study of 

DeOliveira and Gama (2015), perforated gloves were discovered in 32.7% of cases of which 

half of the breakages were noticed by the participants. According to literature, there is little 

evidence on contamination rates between intraoperative glove change and not changing 

gloves. Ward et.al. (2014) stated that glove change after 60 minutes was associated with 

decreased intraoperative glove contamination rates. Lee et.al. (2015) discovered that gloves 

were torn in every fourth persons in joint replacement operations and Matsuoka et.al. (2021) 

noted that gloves did not remain intact even during laparoscopic operations where there was 

no contact to sharp bone edges. The most important aspect is for the operator to change the 

glove immediately after becoming aware of a breakage (Padhye et.al. 2011).  

Personal backpacks or doctor’s jackets were brought to OR in 6.1% of operations where they 

were highly exposed to secretion splatter. A connection between joint replacement 

operations and aseptic behaviour was noticed suggesting that aseptic behaviour during 

surgery was less coherent in implant surgeries, which practically meant that personal 

backpacks or doctor’s jackets were often present in the room. According to guidelines, staff 

members should acknowledge the risk of microbe contamination of personal belongings and 

avoid bringing them to the OR. During observation the recommendations regarding not eating 

and drinking during surgery were highly adhered. The consuming of food and drinks in the OR 
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and other intensive healthcare environments remains as a substantial, but little examined 

contamination risk and should be included in organisational AP guidelines.  

The average number of door openings was six in all observed operations and 10 in joint 

replacement operations, and based on results an operation with duration of more than 45 

minutes had more door openings than a surgery of shorter duration. In the study of Aholaakko 

(2018), the average times of opening the OR door during breast surgery were between six and 

seven, and relatable to this study: When dividing the durations of surgeries to 45 minutes, it 

was noted that a shorter operation had approximately five door openings and a longer 

operation had eight. DeOliveira and Gama (2015) stated that OR door openings were noticed 

to be often unnecessary to the progress of the surgery and highlighted that the importance of 

the recommendation to remain doors closed should be strengthened. It was also detected 

during this research that there were several unnecessary door openings related to the 

operations of the surgery especially in joint replacement surgeries, which indicates that 

implementation of a prosthetic surgery-focused policy and guideline is current. The sample 

size of joint replacement surgeries was however relatively small (n=6) with wide range of 

door openings being between seven and 18 (mean 10.33, SD 3.933). To reach plausible results 

on AP in implant surgeries, a study focused on joint replacement operations with adequate 

sample size should be implemented. Based on literature (DeOliveira & Gama 2015; Tarabichi 

& Parvizi 2023) and results of this study, a culture of minimizing door openings during 

operation is advisable to be assimilated in the OR to reduce traffic. Aholaakko´s (2018) study 

found high acceptance for recommendations on sterile field maintenance among sterile 

personnel in limiting the number of door openings and supervising the sterile field. In this 

study the realisation of sterile field supervision and unscrubbed person not moving between 

two sterile fields was 76.9% with relatively wide variation (SD 0.822) between items. In 

Aholaakko’s (2018) study, the acceptance of the same objectives was 93.9% and more 

consistent (SD 0.499). The result suggests most importantly that improvement on maintaining 

and supervising sterile fields is current.  

6.2 Reliability, validity and biases of the study 

High-quality study requires evaluation on reliability, validity and possible biases. Reliability 

evaluates the consistency, dependability and repeatability of the measuring instrument, and 

validity describes the ability of the measuring instrument to provide data on the intended 

objective (Polit & Beck 2004, 35-36). Clinical observation and criteria-based evaluation are 

commonly used in observational studies and are beneficial to analyse healthcare work. 

Statistical analysis can be used to analyse the collected quantitative data (Heikkilä 1998, 17-

18). The used study method was qualitative research followed by quantitative data analysis, 

which included qualitative features in open ended field notes for organizational purposes and 

feedback sessions for the participants after observations. Each criterion in the 
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“Intraoperative aseptic practices of operating room personnel”-observation tool was verified 

by internationally acknowledged, approved and peer reviewed academic research, existing 

international and national guidelines (Appendices 1-3) and Aholaakko’s (2018) Baseline model 

for intraoperative aseptic practices. The aspects of assessment are simple and easy to 

observe by a single observer to minimize the risk of actions left unnoticed. The final 

assessment of usefulness and possible bias of the study method was done with CASP Critical 

Appraisal Skills Programme-tool. Answering “yes” to the first two questions when planning the 

research project led to the conclusion that continuation of the project was profitable.  

A limitation of the study was that no post-operative follow-up on SSI rates related to the 

observed operations was conducted, or a separate follow-up study on the development of 

intraoperative AP. Also no information was collected about the age, background, level of 

experience or education of the participants, which would have been useful to be able to 

evaluate the reasons of certain AP. The process of surgical hand preparation and use of hand 

disinfectant during the surgery were not assessed in the study. The observation of hand 

disinfection events and surgical rub with alcohol-based hand disinfectant performed before 

donning sterile gloves requires specific attention and should be evaluated as a separate 

aseptic practice measure or by another observer because surgical hand rub often starts 

outside the OR in the hand washing station. Hence there are existing instruments for 

measuring hand hygiene compliance (Ojanperä et.al. 2022; Flowmedik: eHuuhde, eLeikkaus), 

observational research regarding the topic should be easy to implement and is highly 

recommended to be regularly evaluated in Finnish public hospital wards and OR-units. Also 

aspects of sterile field disestablishment were not included to study objectives. The tool for 

quality control created can be used for the evaluation of future development and modified 

for individual purposes, for example by including aspects of sterile field disestablishment, 

maintenance of OR equipment and devices or a separate observation form on hand hygiene in 

the OR and awakening room facility.  

Real-time clinical observation is vulnerable for external distractions because the reliability of 

data collecting is based on visible actions detected by the observer. Observational study 

method requires rigor, careful planning and accurate implementation for successful data 

collection (Crosby et.al. 2006, 126). The probable biases in the research results are data 

collecting-related, where AP are falsely interpreted or undetected by the observer. Because 

of the limited settings of the organization, the participants of the research were not able to 

be previously determined and same participants were likely be observed multiple times, 

which increased the risk of bias. The presence of the observer may have affected on the 

behaviour of the participants during the observation, but Crosby et.al. (2006, 188) note that 

momentary behaviour change is necessarily not leading to permanent development in 

practice. 
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The researcher observed possible breaches in sterility during the operation and informed the 

personnel if such breach occurred. Hence it would have been unethical not to inform a breach 

in sterility due to patient safety reasons, the researcher was not able to remain completely 

objective during observation. The subjectivity of the researcher is a significant factor of study 

trustworthiness to prevent distortion in collecting and processing the data (Polit & Beck 2004, 

37). The researcher was obligated to provide adequate information in the published research 

report to allow a thorough critical assessment of the study characteristics and avoid mirroring 

their own values and experiences in the study settings (Burns & Grove 2011, 75, 97). During 

the observation there were interpretable aspects, such as distance between sterile and 

unsterile areas, which cannot be accurately measured by sight. The aspect of surgical site 

disinfection is performed in the direction of the flow was added to the tool at the beginning 

of the research based on staff feedback and was not evaluated in the first five observation 

events.  

For the evaluation of scale reliability and internal consistency the Cronbach’s α-reliability 

coefficient has been used in similar studies (Aholaakko 2018, Parnikh et.al. 2022), but was 

not chosen for this study after receiving unreliable results in tests. Probable reasons for 

receiving inaccurate values in tests were different scales, missing values and low number of 

items in a scale, which was in many themes was as little as two. A larger scale of four to 

seven items is at its best when using Cronbach α to evaluate the scale reliability (Burns & 

Grove 2011, 357-358). Also a larger sample size would possibly increase the reliability of the 

themes; according to Heikkilä (1998, 187), the smaller the sample size, the more random and 

imprecise are the results and a decent sample size is considered above 100. To reach reliable 

information on the internal consistency of the summation variables, the tool and variable 

scores of the data should be readjusted to match an equal scale (Burns & Grove 2011, 357-

358) which was not possible without substantially changing the evaluated themes or analysing 

methods. In this study the scoring of the scales varied from 1 to 5 depending on the number 

of items in scale. Using an equal scale, adding more variables or combining them could have 

improved the value. Previous studies have used 25- and 19-item scales of 4- and 5-point 

scoring when measuring sterile field establishment and maintenance (Aholaakko 2018, Parnikh 

et.al. 2022), which increases the reliability of the scales when using Cronbach α-coefficient 

for the analysis. The evaluation of scale reliability was decided not to be included in the 

report due to small sample size and uneven scores of the summation variables.  

Several previous studies on AP have been conducted with cross-sectional methods using self-

evaluating questionnaires when also the use of Likert-scale has been possible. To develop the 

used tool for future use, it should be adjusted to reach matching scores in the scales. The 

themes also should be narrowed and combined to have as high amount of items in scales as 

possible to increase scale reliability. During the research, the importance of IPC, AT and AB 

were brought to the attention of staff members and highlighted as part of patient safety in 
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the organization. The study can be repeated and continued in similar environments in 

previous or other ORs as a follow-up study or as separate quality control of a single unit, but 

for academic research purposes the adjustment of the tool and data analysis is necessary to 

reach plausible scale reliability values.  

6.3 Ethical issues 

Permission to implement the research project was given by the medical director of all the 

five study hospitals in the organization. Research permit was approved by administrative 

director of the organization based on thesis plan. Study implementation was approved by 

medical directors and nurse managers of each OR unit.  

The research was conducted following the ethical guidelines of the Rectors’ Conference of 

Finnish Universities of Applied Sciences Arene (2023) and the Finnish National Board on 

Research Integrity TENK (2019, 8-10) which has defined the ethical principles of research with 

human participants in Finland. An ethical review of the ethics committee was not applied 

because patient records or customer related information were not subjects of the study or 

handled in any way during the process. The medical and administrative directors of the 

organization stated that there was no need for informed consent of patients because no 

patient data was included in the project. The researcher was already obliged to professional 

confidentiality based on professional status in the organization.  

The privacy of all stakeholders was protected during and after the research project. The 

confidentiality of information regarding the organization, participants and study results was 

secured. The information letter (Appendix 9) and participation document (Appendix 10) of 

staff members were distributed anonymously and research material was collected without 

including personal data in the process. According to the European Data Protection Board 

(EDPB 2016) article 32, if personal data is processed during a study, the researcher is obliged 

to ensure the security of personal data handled during and after the research process by 

providing a carefully planned data preservation. All identity included data must be handled 

encrypted, but by ensuring the accessibility to the data in case of a technical incident (EDPB 

2016). General Data Protection Regulation (EDPB 2016) article 33 states that if a personal 

data breach should occur, the researcher is required to inform the supervisory authority. No 

personal information on study participants was necessary to collect and all research related 

data content was handled anonymously. The participating units were informed about the 

upcoming research in early January 2023 (Appendix 9). Research integrity was ensured by 

informing the personnel observed in advance via the information letter sent by email and 

verbal personnel informed consent. The informed consent was collected verbally from each 

staff member of the OR participating and being under observation during the research 
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(Appendix 10). The collected study material was secured and stored by the researcher. The 

feedback on AP was given respectfully and in an encouraging manner.  

The relationship between researcher, participants and the commissioning organization was 

evaluated. The researcher was working in the administration of the organization which 

enabled access to the study environments. The role of the profession required unbiased and 

objective approach to the personnel, IPC measures and AB, which was the prevalent policy in 

research implementation. The researcher had no personal advantage regarding research 

results. The funding of the research was covered by the commissioning organization acting as 

employer of the researcher. Research related expenses were travel and accommodation 

expenses of the observation period. 

6.4 Recommendations according to results  

Based on the results of this study, there are areas of improvement in the AP of OR personnel 

especially when it comes to sterile field establishment and maintenance, and aseptic 

behaviour during surgery. AP are teamwork that are affected by all individuals in the OR and 

are fulfilled based on everyone’s effort. To enable adequate IPC in intraoperative settings, it 

is recommended to implement simple common guidelines and policies, regular education, 

training and monitoring of AP concerning all OR staff members regardless of their job 

description.  

For future development, the presence of hand hygiene enabling instruments should be 

ensured in OR settings especially regarding the positioning of the products: Gloves were 

accessible in three spots in the room in half of the observed cases, and located near hand 

disinfectants in 77.6%. The importance of hand hygiene and not wearing nail polish, jewellery 

and rings in healthcare work should be emphasized to improve staff hand hygiene adherence. 

Hands-on training on surgical site asepsis is recommended.  

A national guideline for joint replacement procedures should be implemented to achieve a 

compatible IPC-policy based on international and welfare-area targeted recommendations. 

Limiting OR-door traffic during surgery should be highlighted and the use of phone calls as 

primary communication method between OR and exteriors should be preferred to minimize 

the number of door openings. A clear AP guideline is recommended to be implemented in 

prosthetic joint surgery process.  

The use of double gloves and eyewear as self-protection is recommended for sterile team 

members as the hospital guidelines already state. The maintenance of sterile fields should be 

acknowledged as an important task of both sterile and non-sterile personnel. To ensure that 

sterile fields remain sterile and to minimize the risk of contamination eye contact and visible 

distance to sterile areas should be kept by all unsterile staff members and especially by the 



  47 

 

 

circulating nurse, who acts as the supervisor of breaches in sterility. The sterile team has the 

responsibility of supervising the sterile instrument table and not turning their back to it.  

The observed personnel were open-minded for research during the study period, requested 

feedback on their AP during surgery and pursued to behaviour change and practice 

development immediately afterwards. The reflection between staff members and the 

observer was productive during feedback sessions after observation. Because of the 

enthusiastic involvement of the OR personnel, it would be most profitable to involve staff in 

behaviour change targeting policy development. The expected impact of the study was that 

after development measures taken based on results AP become a routine in daily work. The 

results enable to educate staff for better AB and AT, which leads to improved hand hygiene 

among OR staff and possibly decreased number of SSI. The aim was to create an instrument 

for measuring the AP of OR personnel, to achieve information on staff adherence to AP in the 

OR, to achieve comparable results between units and provide proposal of improvement. All 

the previously mentioned outcomes can be a medium to improve the AP of OR staff.  
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team member  
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benefits or harms 

 

Arrowsmith, V. A. & Taylor, R. 2014. 
Removal of nail polish and finger rings to 
prevent surgical infection. Cochrane 
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sterile field 
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Sterile field is created less 
than hour before operation 

No recommendation/unresolved 
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is low to very low–quality 
evidence with uncertain trade-
offs between the benefits and 
harms or no published evidence 
on outcomes deemed critical to 
weighing the risks and benefits 
of a given intervention. 
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IC - Note: Covering of sterile 
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IC - Note: Sterile table is 
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operation and covered with a 
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Sterile items are not tossed 
on the sterile table, but are 
given to a sterile 
person/team member with 
sterile gloves/are handled 
with a sterile instrument 
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Aholaakko 2018 
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TYKS 2020 

 
IC 
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recommendation supported by 
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benefits and harms.  
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sterile field 
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fields  

II 

 
Aholaakko 2018 

 
IC 
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II 

 

Aholaakko 2018 
 

IC 
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Overall 
appraisal 

Objective Reference  Criteria  Purpose and 
aim of the 
study 

Design   Data and 
methods 

Results Other 
features, 
possible 
bias, 
validity 

Include □ 
Exclude □      
Seek 
further 
info □ 

Hand hygiene Allegranzi, B. 
& Pittet, D. 
2009. Role of 
hand hygiene 
in healthcare-
associated 
infection 
prevention. 
Journal of 
Hospital 
Infection, 
73(4), pp. 
305-315.  

Are gloves 
available and 
easily 
accessible in 
at least three 
spots in the 
room?  

To review 
factors 
influencing 
hand hygiene 
compliance, 
the impact of 
hand hygiene 
promotion on 
microbe cross-
transmission 
and infection 
rates, and 
issues related 
to universal 
adoption of 
alcohol-based 
hand rub  

Review on 
most 
relevant 
studies 
assessing 
the impact 
of hand 
hygiene 
promotion 
on HCAI 
1977-2008 

Hospital 
setting, 
Intervention, 
Impact on 
hand hygiene 
compliance, 
Impact on 
HCAI, Duration 
of follow-up 
and Reference 
were reviewed 

Multimodal 
interventions 
are most 
suitable 
strategy to 
determine 
behavioural 
change 
leading to 
improved 
hand hygiene 
compliance 
and reduction 
in HCAI rates. 
Introduction 
of alcohol-
based hand 
rubs and 
continuous 
educational 
programmes 

No 
evaluation 
on risk of 
bias, 
research 
validity or 
reliability 

Include 

 
Arrowsmith, 
V. A. & 
Taylor, R. 
2014. Removal 
of nail polish 
and finger 
rings to 
prevent 
surgical 
infection. 
Cochrane 
Database of 
Systematic 
Reviews 2014, 
Issue 8. Art. 
No.: 
CD003325.  

No artificial 
fingernails/gel 
nails/nail 
polish on any 
team member 

To assess the 
effect of the 
presence or 
absence of 
rings and nail 
polish on the 
hands of the 
surgical scrub 
team on 
postoperative 
wound 
infection 
rates. 

Review on 
randomised 
controlled 
trials (RCTs) 
evaluating 
the effect of 
wearing or 
removing 
finger rings 
and nail 
polish on 
the efficacy 
of the 
surgical 
scrub and 
postoperativ
e wound 
infection 
rate. 

The Cochrane 
Wounds Group 
Specialised 
Register 
(searched 23 
July 2014); 
The Cochrane 
Central 
Register of 
Controlled 
Trials 
(CENTRAL) 
(The Cochrane 
Library); Ovid 
MEDLINE; Ovid 
MEDLINE (In-
Process & 
Other Non-
Indexed 
Citations); 
OvidEMBASE 
and EBSCO 
CINAHL were 
used in search  

No RCTs that 
compared 
wearing of 
rings with the 
removal of 
rings; and no 
trials of nail 
polish versus 
no nail polish 
that 
measured 
surgical 
infection 
rates:ne small 
RCT (102 
scrub nurses) 
that 
evaluated the 
effect of nail 
polish on the 
number of 
bacterial 
colony 
forming units 
on hands 
after pre-
operative 
surgical 
scrubbing 

Insufficien
t evidence 
to 
determine 
whether 
wearing 
nail polish 
affects 
the 
number of 
bacteria 
on the 
skin post-
scrub. 

Include 

 
Fernando, S. 
A., Gray, T. J. 
& Gottlieb, T. 
2017. 
Healthcare-
acquired 
infections: 
Prevention 
strategies. 
Internal 
medicine 
journal, 
47(12), pp. 
1341-1351.  

Surgical hand 
rub is 
performed by 
all sterile 
team 
members 

Overview of 
common 
healthcare-
acquired 
infections 
with examples 
of prevention 
strategies 

Overview of 
HAI's, 
Background, 
Examples of 
prevention 
strategies 

Review 
focused on 
problems of 
carbapenem 
resistance, 
CDI, and on 
Infection 
Control and 
Antimicrobial 
Stew-ardship 
(AMS), areas  

Effective HAI 
management 
strategies 
should be 
implemented 
in hospitals 
and HCW 
recognise the 
importance of 
individual 
role in HAI 
prevention. 
Surgical hand 
preparation 
using 

No 
evaluation 
on risk of 
bias, 
research 
validity or 
reliability 

Include 
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antimicrobial 
soap and 
water or 
alcohol-based 
hand rub.  

Preparations 
of the patient 

Fernando, 
Gray & 
Gottlieb 2017. 

An antibiotic 
prophylaxis is 
administrated 
within 60 
minutes pre-
incision if 
designated 

   
Optimal 
route, dose 
and timing for 
surgical 
prophylaxis 
(when 
indicated). 

 
Include 

 

Gillespie, W. 
J. & 
Walenkamp G. 
H. I. M. 2010. 
Antibiotic 
prophylaxis 
for surgery for 
proximal 
femoral and 
other closed 
long bone 
fractures. 
Cochrane 
Database of 
Systematic 
Reviews 2010, 
Issue 3. Art. 
No.: 
CD000244.  

 

To determine 
whether the 
prophylactic 
administration 
of antibiotics 
in people 
undergoing 
surgical 
management 
of hip or other 
closed long 
bone fractures 
reduces the 
incidence of 
SSI's and other 
HAI's 

A systematic 
Cochrane 
review 

Randomised or 
quasi-
randomised 
controlled 
trials 
comparing any 
regimen of 
systemic 
antibiotic 
prophylaxis 
administered 
at the time of 
surgery, 
compared with 
no prophylaxis, 
placebo, or a 
regimen of 
different 
duration, in 
people with a 
hip fracture 
undergoing 
surgery for 
internal 
fixation or 
prosthetic 
replacement, 
or with any 
closed long 
bone fracture 
undergoing 
internal 
fixation. All 
trials needed 
to report SSI. 

Antibiotic 
prophylaxis 
should be 
offered to 
those 
undergoing 
surgery for 
closed 
fracture 
fixation. 

Not 
enough 
data 
available 
to confirm 
the 
expected 
tendency 
for 
increased 
adverse 
drug-
related 
events 
such as 
gut 
problems 
and skin 
reactions 

Include 
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Randomised or 
quasi‐
randomised 
controlled 
trials involving 
open fractures 
of the limbs; 
intervention ‐ 
antibiotic 
administered 
before or at 
the time of 
primary 
treatment of 
the open 
fracture 
compared with 
placebo or no 
antibiotic; 
outcome 
measures ‐ 
early wound 
infection, 
chronic 
drainage, 
acute or 
chronic 
osteomyelitis, 
delayed unions 
or non‐unions, 
amputations 
and deaths. 

Antibiotics 
reduce the 
incidence of 
early 
infections in 
open 
fractures of 
the limbs.  

Further 
research is 
necessary 
to the 
determine 
the 
avoidable 
burden of 
morbidity 
in 
countries 
where 
antibiotics 
are not 
used 
routinely 
in the 
manageme
nt of open 
fractures. 

Include 

Establishment 
of sterile 
field 

Dumville, J. 
C., McFarlane, 
E., Edwards, 
P., Lipp, A. & 
Holmes, A. 
2013. 
Preoperative 
skin 
antiseptics for 
preventing 
surgical 
wound 
infections 
after clean 
surgery. Cochr
ane database 
of systematic 
reviews, 3, p. 
CD003949.  

Surgical 
asepsis is 
performed as 
instructed by 
the product 
manufacturer 
and hospital 
guideline, 
taking account 
the direction 
from clean to 
dirty areas 
and the 
flowing 
direction of 
the fluid 

To determine 
whether 
preoperative 
skin antisepsis 
immediately 
prior to 
surgical 
incision for 
clean surgery 
prevents SSI 
and to 
determine the 
comparative 
effectiveness 
of alternative 
antiseptics. 

A systematic 
review 

Randomised 
controlled 
trials 
evaluating the 
use of 
preoperative 
skin 
antiseptics 
applied 
immediately 
prior to 
incision in 
clean surgery 

A single, 
poorly 
reported 
study 
indicated that 
preoperative 
skin 
preparation 
with 0.5% 
chlorhexidine 
in methylated 
spirits was 
associated 
with lower 
rates of SSIs 
following 
clean surgery 
than alcohol-
based 
povidone 
iodine paint 

There is 
very little 
good 
quality 
research 
around 
skin 
cleansing 
before 
surgery 
and it is 
not 
possible to 
choose 
whether 
one 
antiseptic 
is better 
than 
another at 
preventing 
wound 
infections. 
More 
research is 
required 
to show 
whether 
one 
antiseptic 
is better 
than the 
others at 
preventing 
wound 
infection 
after a 
clean 
surgery. 

Seek 
further 
info 
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Silva, P. 2014. 
The right skin 
preparation 
technique: a 
literature 
review. 
Journal of 
Perioperative 
Practice. Vol 
24(12), 283-
285. 

 

Is concentric 
circles motion 
technique or a 
back-and-
forth 
scrubbing 
technique 
more 
effective in 
disinfecting 
the surgical 
site? 

A literature 
review 

No description Until 
conclusive 
studies are 
presented, it 
is reasonable 
to follow a 
skin 
preparation 
technique 
that offers a 
good 
rationale for 
its use. The 
literature 
referred to in 
this review 
seems to 
suggest that a 
back and 
forth 
technique 
should be 
used, as it is 
more 
effective in 
reaching 
deeper layers 
of the skin  

There is 
very 
limited 
evidence 
comparing 
skin 
preparatio
n 
technique
s 

Seek 
further 
info 

Preparations 
of sterile 
personnel 

Tanner, J. 
2006. Surgical 
Gloves: 
Perforation 
and 
Protection. 
Journal of 
perioperative 
practice, 
16(3), pp. 
148-152.  

Indicator 
gloves are 
used in a high-
risk/ 
orthopaedic 
operation 

 
Article  

   
Seek 
further 
info 

 
Neo, F., 
Edward, K. & 
Mills, C. 2013. 
Understanding 
compliance 
with 
protective 
eyewear 
amongst peri-
operative 
nurses: A 
phenomenolog
ical inquiry. 
Australian 
journal of 
advanced 
nursing, 31(1), 
pp. 20-27. 

Protective 
eyewear is 
used when risk 
of splatter or 
if a sterile 
team member 
has eyelash 
extensions 

To obtain an 
in-depth 
understanding 
of the 
phenomenon 
of peri-
operative 
nurses’ use of 
protective 
eyewear in 
the operating 
room (OR), 
and to 
understand 
nurses’ 
attitudes and 
beliefs 
towards 
protective 
eyewear 

A qualitative 
analysis 

Data was 
collected via 
one-on-one 
interviews 
with eight 
peri-operative 
nurses working 
in a private 
hospital in 
Melbourne. 
The data 
collected 
underwent 
rigorous 
thematic 
analysis using 
an extended 
version of 
Colaizzi’s 
method of 
phenomenologi
cal inquiry. 

For nurses, 
being 
compliant 
with 
protective 
eyewear is a 
combination 
of 
intrapersonal, 
environmenta
l and 
professional 
factors, 
including 
protecting 
self, risk 
appraisal, 
beliefs, 
previous 
experiences, 
fear, comfort 
and 
functionality, 
professionalis
m, 
leadership, 
forgetting 
versus 
routine, time 
pressure and 
accessibility, 
alternatives 
and patient-

Focusing 
on only 
one type 
of PPE, 
selection 
bias, 
findings 
are not 
generalisa
ble to the 
OR nursing 
population 
as a whole 

Include 
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centred care. 
Peri-operative 
nurses are 
more 
compliant 
when they 
are well 
informed and 
are in 
a supportive 
work 
environment.  

Aseptic 
behaviour 

Autorino, C. 
M., 
Battenberg, 
A., Blom, A., 
Catani, F., 
ElGanzoury, 
I., Farrell, A., 
Georgini, A., 
Goswami, K., 
Hernandez, 
V., Karas, V., 
Kunutsor, 
S.K., 
Lewallen, 
D.G., 
Mahmoud, 
A.N., Osman, 
W.S., 
Sheehan, E., 
Smith, B.M., 
Soliman, R.A., 
Spangehi, M. 
& Young, S. 
2019. General 
Assembly, 
Prevention, 
Operating 
Room - 
Surgical 
Attire: 
Proceedings of 
International 
Consensus on 
Orthopedic 
Infections. 
The Journal of 
arthroplasty, 
34(2), pp. 
S117-S125.  

Sterile gloves 
are changed if 
noticed to be 
broken or if 
the operation 
lasts 
longer than 
2h      

Question 5: 
Does changing 
gloves during 
prolonged 
operations 
reduce the 
risk of 
SSIs/PJIs? If 
so, how 
frequently 
should gloves 
be changed 
during the 
procedure? 

A systematic 
review 

Records 
identified 
through 
database 
search N= 
1326, studies 
included N= 17  

Changing 
gloves 
intraoperative
ly may reduce 
the risks of 
SSIs/PJIs in 
arthroplasty 
surgery by 
reducing 
contaminatio
n. Based on 
prior studies, 
gloves should 
be changed 
after draping, 
before 
handling 
implants, and 
when 
macroscopic 
perforation of 
the glove 
occurs. 
Gloves should 
also be 
changed at 
least once 
every 60 to 90 
minutes, as 
contaminatio
n and glove 
perforation 
rates increase 
with duration 
of surgery. 
Level of 
Evidence: 
Limited 
Delegate 
Vote: Agree: 
92%, 
Disagree: 5%, 

More 
studies 
are 
required 
to draw a 
definitive 
conclusion 
regarding 
the 
effectiven
ess of 
changing 
gloves in 
reducing 
the risk of 
SSIs/PJIs 

Include 
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Abstain: 3% 
(Super 
Majority, 
Strong 
Consensus) 

 
Harnoss, J. 
C., Kramer, 
A., Heidecke, 
C. D. & 
Assadian, O. 
2010. What is 
the 
Appropriate 
Time-Interval 
for Changing 
Gloves During 
Surgical 
Procedures? 
Zentralblatt 
fur Chirurgie, 
135(1), pp. 
25-27.  

 
To elaborate 
an objective 
recommendati
on for the 
time-interval 
of glove 
change, the 
medical 
literature was 
searched in 
the data bases 
MEDLINE and 
PubMed. 

An 
integrative 
review 

No description Various 
imprecise 
recommendat
ions were 
expressed for 
the time 
point of glove 
changing 
ranging from 
30 min to 180 
min. 

Further 
studies 
are 
needed 
that 
correlate 
the types 
of surgical 
procedure
s with 
specific 
perforatio
n rates in 
order to 
provide 
basis for 
recommen
dations 

Include 

 

Fernando, 
Gray & 
Gottlieb 2017. 

Number of 
door openings 

   
Limit 
operating 
room traffic 
to essential 
movement 
only 

 
Include 

Maintenance 
of sterile 
field 

Gillespie, 
B.M., Kang, 
E., Roberts, 
S., Lin, F., 
Morley, N., 
Finigan, T., 
Homer, A & 
Chaboyer, W. 
2015. 
Reducing the 
risk of surgical 
site infection 
using a 
multidisciplina

 
To identify 
and describe 
the strategies 
and processes 
used by 
multidisciplina
ry teams of 
health care 
professionals 
to reduce 
surgical site 
infections 
(SSIs). 

An 
integrative 
literature 
review. A 
following 
review of 
the included 
studies. 

Data were 
abstracted 
using summary 
tables and the 
methodologica
l quality of 
each study 
assessed using 
the Standards 
for Quality 
Improvement 
Reporting 
Excellence 

Patient-
centered 
interventions 
aimed at 
increasing 
patient 
participation 
in SSI 
prevention 
and 
evaluating 
the 
contributions 
of allied 

The 
possibility 
of missing 
eligible 
studies, 
lack of 
consistenc
y  
in the 
terminolo
gy used to 
describe 
team 

Include 
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ry approach: 
an integrative 
review. 
Journal of 
Multidisciplina
ry Healthcare. 
2015; 8: 473-
487. 

guidelines by 
two reviewers 

health 
professionals 
in team-based 
SSI prevention 
requires 
future 
research 

collaborati
ons 

 
 
OTHER 
RELEVANT 
STUDIES 

 
 
 
  

       

Establishment 
of sterile 
field 

Knoll, P.A. & 
Browne, J.A. 
2017. 
Prepping the 
knee in 
maximal 
flexion: 
getting into 
every nook, 
cranny, and 
fold. 
Arthroplasty 
today, 3 (2), 
p.99-103.  

Surgical site 
asepsis is 
performed as 
instructed by 
the product 
manufacturer 
and hospital 
guideline, 
taking account 
the direction 
from clean to 
dirty areas 
and the 
flowing 
direction of 
the fluid 

Article to 
describe a 
simple 
surgical skin 
preparation 
technique for 
total knee 
arthroplasty 
that permits 
the 
application of 
skin prep 
agent with the 
knee in 
maximal 
flexion. 
Usually the 
knee is 
prepped in 
extension, but 
it is believed 
that prep of 
the knee in 
flexion will 
provide 
superior 
coverage of 
the skin 
surface and 
reduce the 
potential for 
surgical-site 
infection 

A qualitative 
analysis 

No description The 
technique has 
improved the 
quality and 
thoroughness 
of surgical-
site 
preparation, 
it involves an 
additional 
scrub in 
maximal 
flexion after 
the final 
drapes are 
placed 

Lack of 
objective 
evidence 
for the 
technique: 
No 
retrospect
ive 
compariso
n between 
practices 

Seek 
further 
info 

 
Hopper, R. & 
Moss, R. 2010. 
Common 
Breaks in 
Sterile 
Technique: 
Clinical 
Perspectives 
and 
Perioperative 
Implications. 
AORN Journal. 
Vol 91(3), 
350-367 

 
Key 
responsibilitie
s of 
perioperative 
nurses are to 
recognize and 
correct 
common 
breaks in 
sterile 
technique 
that are made 
in preparation 
for and during 
a surgical 
procedure and 
to implement 
methods to 
prevent future 
occurrences 

Article: 
Summary on 
AORN 
guidelines  

No description The principles 
of AT and 
basic tenets 
of prepping 
are to begin 
at the center 
(the point of 
the incision) 
and continue 
to the 
periphery of 
the area and 
never bring a 
soiled 
applicator 
back over a 
previously 
prepped 
surface. A 
common error 

No 
evaluation 
on risk of 
bias, 
research 
validity or 
reliability 

Include 
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is to not 
follow these 
principles. 

Maintenance 
of sterile 
field 

Allegranzi 
et.al. 2018. 
A multimodal 
infection 
control and pa
tient safety in
tervention 
to reduce surg
ical site infect
ions in Africa: 
A multicentre, 
before–
after, cohort s
tudy. 
The Lancet inf
ectious diseas
es, 18(5), pp. 
507-515. 

 
Establish the 
effect of a 
multimodal 
intervention 
on SSIs in 
Africa, 
evaluate if the  
implementatio
n of a 
multimodal  
SSI prevention 
strategy is 
feasible in 
low-resource 
settings and is 
able to 
improve 
preventive 
measures and  
reduce the SSI 
risk. 

Before–after 
multimodal 
intervention 
cohort study 
using a 
stepwise 
implementa
tion 
protocol, 
including  
five planned 
periods 
supported 
by a range 
of tools, and 
SSI 
surveillance  
throughout 
the study 
based on  
methods 
described by 
the CDC and 
Prevention 
National 
Health Care 
Safety 
Network 

Descriptive 
data were 
analysed by 
study period in 
a combined 
dataset and 
then stratified 
by site. 
Comparisons of 
mean values 
were done 
using Student’s 
t tests and χ² 
tests for 
categorical 
variables.  
The 95% CI was 
estimated for 
proportions 
with the  
Clopper-
Pearson exact 
method. Data 
were clustered 
at site level, a 
logistic  
regression 
model with 
mixed effects 
was used to 
assess the 
effect  
of the 
intervention 
on outcomes. 

The 
implementati
on of a 
multimodal 
SSI prevention 
strategy is 
feasible in 
low-resource 
settings and 
can improve 
preventive 
measures and 
reduce the SSI 
risk. Multisite 
SSI 
surveillance is 
feasible in 
African 
settings,  
typically with 
a single 
member of 
the nursing 
staff able to 
collect high 
quality data 
for around 50 
operations 
per month. 
Approximate 
60% reduction 
in SSI risk 
across all 
sites, as a 
result of  
the 
intervention. 

Decreased 
rate of 
surgical-
site 
infection 
using this 
technique. 

Include 
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Criteria Reasoning Reference Strength of the criteria 

Hand disinfectant is 
available and easily 
accessible in at 
least three spots in 
the room 

For hand hygiene to be efficient, the 
instruments that enable hand 
disinfection need to be accessible for 
OR personnel. Supplying healthcare 
environments with materials necessary 
helps improve aseptic practices. 
Fidelity of hand disinfection is relevant 
and can be influenced by assuring 
tools. 

CDC 2002; AORN 2007; 
Allegranzi & Pittet 
2009; AORN 2010; 
Allegranzi, Sax & Pittet 
2013; Korhonen et.al. 
2015; CDC 2016; 
Bashaw & Keister 2019; 
WHO 2021; Parnikh 
et.al. 2022  

Category IB: A strong 
recommendation supported by 
low-quality evidence suggesting 
net clinical benefits or harms or 
an accepted practice supported 
by low to very low–quality 
evidence.  

Gloves are 
available and easily 
accessible in at 
least three spots in 
the room  

To protect healthcare personnel by 
preventing blood and fluid 
contamination, gloves should be used 
when handling patient mucous and 
secretions. Supplying healthcare 
environments with materials necessary 
helps improve aseptic practices. 

CDC 2002; Allegranzi & 
Pittet 2009; Bashaw & 
Keister 2019; WHO 
2021; Parnikh et.al. 
2022  

IB 

Hand disinfectant 
are near the glove 
boxes  

When dressing protective gloves, hand 
should be clean to prevent the 
contamination of the products. When 
gloves are worn and hand hygiene is 
indicated, the gloves should be 
removed to perform hand hygiene. 

CDC 2002; AORN 2007; 
Allegranzi & Pittet 
2009; Spruce 2013; 
Hughes et.al. 2013; 
Bashaw & Keister 2019; 
O'hara et.al. 2019; 
AORN 2017; THL 2022b  

IB 

No watches or rings 
on any team 
member 

Perioperative team members should 
not wear jewellery on the hands or 
wrists in patient care areas. Research 
indicates that removing rings, 
removing or containing watches and 
covering ear and nose piercings with 
head coverings and masks reduces 
contact contamination risk. Jewellery 
and watches prevent successful hand 
hygiene by leaving moist and bacteria 
between skin and item, which can 
cause inflammation or be transmitted 
from person to another. Study showed 
significant load of microbe 
contamination on HCW smart watches. 

AORN 2005; WHO 2009; 
AORN 2010; Arrowsmith 
& Taylor 2014; AORN 
2017; HUCH 2022; 
Kurvinen et.al. 2018; 
Boucherabine et.al. 
2022  

IB 
 

No artificial 
fingernails / gel 
nails/nail polish on 
any team member 

Artificial fingernails or extenders 
should not be worn in perioperative 
settings. Nail polish and gel nails 
enable microbes to contact in cracked 
surfaces, are worn out quickly from 
constant disinfectant use and have 
been associated with infections. 

AORN 2005; AORN 
2010; WHO 2009; 
Arrowsmith & Taylor 
2014; CDC 2016; AORN 
2017; HUCH 2022; 
Kurvinen et.al. 2018  

Artificial fingernails: Category 
IA:  A strong recommendation 
supported by high to moderate–
quality evidence suggesting net 
clinical benefits or harms.  
Nail polish: Category II: A weak 
recommendation supported by 
any quality evidence suggesting 
a trade-off between clinical 
benefits and harms. 
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Criteria Reasoning Reference Strength of the criteria 

Preoperative AB-
prophylaxis  

An antibiotic prophylaxis is 
administered within 60 minutes pre-
incision if designated  

Mangram et.al. 
1999; Gosselin, R. 
A., Roberts, I. & 
Gillespie, W. J. 
2004; Gillespie, W. 
J. & Walenkamp G. 
H. I. M. 2010; ECDC 
2013; WHO 2016; 
HUCH 2021 

Category IA: A strong 
recommendation supported 
by high to moderate–quality 
evidence suggesting net 
clinical benefits or harms 

Sterile field is 
created less than an 
hour before 
operation 

Sterile fields should be prepared as 
near as possibly of the starting time 
of the surgery 

AORN 2006; AORN 
2010; Bussieres 
et.al. 2017; 
Aholaakko 2018; 
TYKS 2020  

No 
recommendation/unresolved 
issue: An issue for which 
there is low to very low–
quality evidence with 
uncertain trade-offs between 
the benefits and harms or no 
published evidence on 
outcomes deemed critical to 
weighing the risks and 
benefits of a given 
intervention. Note: TYKS 
(2020) guideline recommends 
2h and covering with a sterile 
cloth 

Sterile items are not 
tossed on the sterile 
table, but are given 
to a sterile 
person/team member 
with sterile 
gloves/are handled 
with a sterile 
instrument 

Tossing sterile items on sterile table 
includes a risk of contamination for 
the item, risk of breakage of the 
sterile tablecloth and risk of 
vectorborne contamination from 
personnel’s attire if moving too close 
the sterile area. 

(Friberg & Friberg 
2006); AORN 2006; 
AORN 2010; Blom 
et.al. 2007; 
Aholaakko 2018; 
TYKS 2020 

Category II: A weak 
recommendation supported 
by any quality evidence 
suggesting a trade-off 
between clinical benefits and 
harms. 

When disinfecting the 
surgical site unsterile 
clothing is not 
touching the sterile 
area. 

When preparing surgical site, 
perioperative personnel should wear 
clean surgical attire, tops should fit 
close to the body or be tucked in 
pants to prevent the unsterile 
clothing from touching the sterile 
area. 

Bashaw & Keister 
2019 

Category IB: A strong 
recommendation supported 
by low-quality evidence 
suggesting net clinical 
benefits or harms or an 
accepted practice supported 
by low to very low–quality 
evidence. 

Surgical site asepsis 
is performed as 
instructed by the 
product 
manufacturer and 
hospital guideline, 
taking account the 
direction from clean 
to dirty areas and the 
flowing direction of 
the fluid. 

When preparing surgical site, the 
asepsis should be performed as 
instructed by the manufacturer 
depending on the product used, eg. 
when using alcohol, the asepsis 
should be done in the flowing 
direction of the fluid and when using 
clorhexidine swabs, the asepsis is 
performed with back on forth 
scrubbing technique. The direction 
from clean to dirty should also be 
followed to prevent the 
contamination of the recently 
disinfected area and the used 
product.   

Hopper & Moss 
2010; AORN 2010; 
Dumville et.al. 
2013; Birgand et.al. 
2014; Silva 2014; 
Carroll 2015; Knoll 
& Browne 2017  
 

IB 
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Criteria Reasoning Reference Strength of the 
criteria 

Surgical hand rub is 
performed by sterile 
team members 

Surgical hand preparation should be 
performed using an alcohol-based hand 
rub before donning sterile gloves.  

CDC 2002; WHO 
2009a; AORN 2010; 
Spruce 2013; AORN 
2017; Schwartz et.al. 
2018; Fernando et.al. 
2017; WHO 2018; 
Kurvinen et.al. 2018; 
HUCH 2019   
 

Category IA: A strong 
recommendation 
supported by high to 
moderate–quality 
evidence suggesting 
net clinical benefits or 
harms 

All sterile team members 
have a hair cap and 
mask, and accordingly 
dressed PPE (sterile 
jacket & gloves, sterile 
hood for implant 
surgery) 

Covering all the skin and hair of the 
team members and patient when 
working in the sterile field to reduce 
the risk of microbe contamination. To 
avoid body fluid contamination the use 
of masks and protective eye wear as 
part of routine surgical attire is 
recommended. 

Friberg et.al. 2001; 
AORN 2005; AORN 
2007; Aisien & Ujah 
2006; WHO 2009; 
AORN 2010; 
Aholaakko 2018; WHO 
2018; HUCH 2017; 
CDC 2022  

IA 

Indicator gloves used in 
high-risk 
(clean/orthopaedic) 
operations 

Risk of contamination and glove 
perforation increase with duration of 
surgery. Double gloving helps revealing 
tears in outer glove and changing of 
clean gloves during surgery without 
risking the surgical site. 

Mangram et.al. 1999; 
Aarnio & Laine 2001; 
Laine & Aarnio 2004; 
AORN 2007; AORN 
2010; Padhye et.al. 
2011; Korniewicz & 
El-Masri 2012; Hughes 
et.al. 2013; Bekele 
et.al. 2017; Matsuoka 
et.al. 2022; Karakus 
& Sari 2020;  

Category IB: A strong 
recommendation 
supported by low-
quality evidence 
suggesting net clinical 
benefits or harms or an 
accepted practice 
supported by low to 
very low–quality 
evidence. 

Protective eyewear is 
used if risk of splatter or 
sterile team member has 
eyelash extensions 

To prevent surgical site contamination 
from falling eye lashes, the use of 
protective eye wear is recommended. 
Note: In some welfare-area guidelines 
the use of false lashes is restricted in 
OR. 

AORN 2007; AORN 
2010; Weaving, Cox & 
Milton 2008; Neo 
et.al. 2013; HUCH 
2017; TYKS 2020  

Risk of splatter:  
Category IC: A strong 
recommendation 
required by state or 
federal regulation.  
Eyelash extensions: 
Category II: A weak 
recommendation 
supported by any 
quality evidence 
suggesting a trade-off 
between clinical 
benefits and harms.  
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Criteria Reasoning Reference Strength of the 
criteria 

Each OR team member 
is wearing a hair cap 
and a mask at all times 
during the operation 

The risk of vector borne contamination should be 
minimized by wearing clean clothes suitable for OR 
settings. Personnel should cover head and facial hair, 
including sideburns and necklines in the OR to prevent 
hair, dandruff and skin cells from falling to surgical 
site. Surgical attire guideline includes scrub attire, 
shoes, head coverings, and masks. All individuals 
entering restricted areas of the OR suite should wear a 
mask when open sterile items and equipment are 
present. 

Mangram et.al. 
1999; Friberg 
et.al. 2001; AORN 
2005; AORN 2007; 
AORN 2010; WHO 
2009; Kurvinen 
et.al. 2018; TYKS 
2020   
 

Category IA: A strong 
recommendation 
supported by high to 
moderate–quality 
evidence suggesting net 
clinical benefits or 
harms 

Sterile gloves are 
changed if noticed to 
be broken or if the 
operation lasts longer 
than 2h 

Based on research evidence, gloves should be changed 
after draping, before handling implants, and when 
macroscopic perforation of the glove occurs. Gloves 
should also be changed at least once every 60 to 90 
minutes, as risk of contamination and glove 
perforation increase with duration of surgery. 

AORN 2007; 
Harnoss et.al. 
2010; Padhye 
et.al. 2011; 
Autorino et.al. 
2019; TYKS 2020  
 

Change of broken 
gloves: Category IB: A 
strong recommendation 
supported by low-
quality evidence 
suggesting net clinical 
benefits or harms or an 
accepted practice 
supported by low to 
very low–quality 
evidence. Change of 
gloves after 2h: 
Category IC: A strong 
recommendation 
required by state or 
federal regulation. 

No personal items or 
clothing (backpacks, 
doctor’s jackets) are 
stored in the OR 

Avoiding contact to personal items and clothing 
brought from outside the aseptic area, avoiding 
unnecessary movements in the sterile field and 
respecting air-current models to reduce the risk of 
contact, droplet and airborne microbe contamination. 

AORN 2007; 
Aholaakko 2018 

IB 

No eating or drinking in 
the OR 

Hand-to-hand, hand-to-skin, hand-to-nose, hand-to-
mouth, or hand-to-eye action can lead to direct or 
indirect transmission via inanimate surfaces and 
should be prohibited in the OR. Food and drink should 
not be present in perioperative settings. 

AORN 2007; 
Girard 2008; 
AORN 2010 

IB 

Times of opening the 
OR door when sterile 
fields are prepared. 

The OR door openings during a surgical procedure 
increases air turbulence, when pathogens move 
through the air and increases risk of exposing the 
incision site to microbes. Change in air quality and 
disturbance in the airflow may increase the risk of an 
SSI: Avoiding traffic in and out of the OR. 

Dharan & Pittet 
2002; Sadrizadeh 
et.al. 2014; Teter 
et.al. 2017; 
Aholaakko 2018; 
Bashaw & Keister 
2019; Birgand 
et.al. 2019 

Category II: A weak 
recommendation 
supported by any 
quality evidence 
suggesting a trade-off 
between clinical 
benefits and harms. 

Disinfection of a 
bloodstain is 
immediately performed 
with nonsterile gloves. 

Environmental cleaning is an essential measure to 
prevent the spread of pathogens. Body fluids and 
blood cause a risk of cross contamination for the OR 
environment and team members: Bloodstains should 
be appropriately removed with a suitable product. 

Mangram et.al. 
1999; Kurvinen 
et.al. 2018; 
Aholaakko 2018   

II 

If the patient is 
carrying an antibiotic 
resistant microbe, they 
are treated with 
contact precautions 
according to the 
organization contact 
precaution protocol. 

To protect the personnel and other patients from 
being transmitted an antibiotic resistant microbe 
during perioperative care, the patient carrying a 
contagious microbe should be isolated during their 
hospital stay. 

AORN 2007; AORN 
2010; Similä 2020, 
6-9; TAYS 2021; 
HUCH 2021; TYKS 
2022; CDC 2022 
 

IB 
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Unscrubbed person 
does not move 
between two sterile 
fields 

Avoiding unnecessary movements in the 
sterile field and respecting air-current models 
to reduce the risk of contact, droplet and 
airborne microbe contamination 

(Friberg & Friberg 
2006); AORN 2010; 
Aholaakko 2018 

Category II: A weak 
recommendation 
supported by any 
quality evidence 
suggesting a trade-
off between clinical 
benefits and harms. 

Unscrubbed person 
keep eye contact 
and visible distance 
to sterile field 
when moving near 
the area 

Avoiding unnecessary movements in the 
sterile field and respecting air-current models 
to reduce the risk of contact, droplet and 
airborne microbe contamination 

Bible et. al. 2009; 
AORN 2010; 
Aholaakko 2018 

II 

Sterile field is 
visible for sterile 
members at all 
times (back is not 
turned) 

Sterile fields are kept between areas of low 
contamination risk 

Bible et. al. 2009; 
AORN 2010; 
Aholaakko 2018 

II 
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