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Background 

Microbial contamination of operating room air is a modifiable contributor to surgical site infection risk. Door-

opening behaviour and staff traffic are thought to disrupt pressure and airflow, yet the impact of specific door-

opening control strategies on intraoperative contamination has remained uncertain. 

Methods 

A systematic review of PubMed, Scopus and Web of Science was conducted from inception to May 2025. 

Clinical trials, quasi-experimental studies and observational cohorts in human operating rooms were eligible if 

they quantified intraoperative airborne microbial or particle contamination in relation to door-opening 

frequency or a defined door-opening control strategy. Primary outcomes were intraoperative airborne 

microbial load (colony-forming units per cubic metre) and particle counts; secondary outcomes included door-

opening rate and surgical site infection incidence. 

Results 

Ten studies  were included across observational cohorts, higher door-opening rates and greater numbers of 

personnel were consistently associated with increased airborne contamination; one study reported mean 328 

CFU/m³ with 84% of samples above 180 CFU/m³ in high-traffic theatres, and another found traffic flow 

explained 68% of CFU variance. Interventions such as access signage, staff education and multimodal quality-

improvement programmes reduced door-opening rates by about 20-40% and lowered particle counts in the 

sterile field by up to 40%.  

Conclusions 

Door-opening frequency and operating room traffic are consistently associated with higher intraoperative 

airborne contamination, and simple door-control strategies can meaningfully reduce traffic and environmental 

bioburden; their independent effect on surgical site infections remains uncertain and warrants robust 

prospective evaluation. 
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Introduction 
 
Surgical site infections (SSIs) remain among the most 

frequent health care-associated infections (HAIs) 

worldwide and are a major cause of preventable 

perioperative morbidity and mortality. Global guidance 

from the World Health Organization (WHO) highlights 

that SSIs are consistently among the top procedure-

related HAIs and contribute substantially to prolonged 

hospital stay, antimicrobial use, and readmission [1]. A 

recent meta-analysis of 43 studies from 39 countries 

estimated a global pooled SSI incidence of 2.5% (95% 

CI 1.6-3.7), with the highest incidence reported in the 

African region (7.2%, 95% CI 4.3-11.8) [2]. These 

figures translate into hundreds of thousands of affected 

patients annually and place a disproportionate burden 

on surgical specialties that rely on clean or clean-

contaminated procedures, such as orthopaedic 

arthroplasty, cardiac surgery, and neurosurgery [1,2]. 

Beyond direct patient harm, SSIs increase resource use 

through re-operations, intensive care admissions, and 

long-term functional impairment, making effective 

prevention in the operating room (OR) a persistent 

global priority [1,2]. 

 

The intraoperative environment is a critical 

determinant of SSI risk and is particularly relevant to 

surgical specialties that perform prolonged and 

technically complex operations. Contemporary 

guidelines emphasise the importance of maintaining 

positive pressure, adequate air exchanges, and 

controlled OR traffic to limit airborne microbial 

contamination of the sterile field [1]. In laminar airflow 

(LAF) or ultraclean theatres used for joint arthroplasty 

and other implant surgery, environmental disturbance 

can undermine the protective airflow curtain and 

increase the probability that airborne particles carrying 

skin flora or environmental organisms deposit into the 

wound [1,3]. While patient-related and procedural 

factors such as wound class,  operative duration, and an 

 

 

antibiotic prophylaxis are well-established risk factors, 

modifiable engineering and behavioural features of the 

OR, especially door-opening patterns, are increasingly 

recognised as targets for infection-prevention 

strategies in high-risk surgical specialties [1-3]. A 

growing body of experimental and observational work 

has linked OR door openings to intraoperative 

microbial contamination. In a prospective orthopaedic 

study, Smith et al. demonstrated that colony-forming 

units (CFU) on culture plates placed in the OR were 

independently associated with the occurrence of door 

openings and that LAF reduced CFU counts by 

approximately 36.6% compared with non-LAF 

conditions [3]. Perez et al. subsequently showed that 

the number of door openings and procedure duration 

were significantly associated with increased CFU 

counts in orthopaedic and general surgery cases, 

particularly outside the LAF zone [4].  

 

These investigations, conducted in real-world elective 

surgical lists, suggest that each avoidable disruption of 

the OR envelope may incrementally contribute to 

airborne bioburden, even when ventilation systems are 

functioning within specification [3,4]. However, most 

such studies are limited by modest sample sizes, 

heterogeneous sampling strategies, and use of 

surrogate microbiological outcomes rather than SSIs, 

making it difficult to directly translate findings into 

practice recommendations across surgical specialties 

[3,4]. More recently, clinical outcome studies have 

begun to quantify the association between door-

opening frequency and SSI risk. In a prospective cohort 

of 688 patients undergoing cardiac surgery, Roth et al. 

recorded more than 300 000 OR door openings and 

found that each 5-unit increase in mean door-opening 

frequency during the procedure was associated with a 

49% higher hazard of SSI (adjusted hazard ratio 1.49, 

95% CI  1.11-2.00), with the effect  driven largely by the 
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internal doors to the instrument preparation room [5]. 

An individual-patient data meta-analysis pooling 8 

observational studies (4,412 patients; overall SSI 

incidence 6.0%) reported that each additional door 

opening per hour was associated with a small but 

statistically significant increase in SSI risk (odds ratio 

1.012, 95% CI 1.005-1.019), albeit with very low 

certainty of evidence [6]. The authors estimated that at 

a baseline SSI risk of 2%, roughly 35 extra door 

openings per hour would result in one additional SSI 

per 100 patients [6]. These results, derived from 

multiple surgical specialties including orthopaedic, 

abdominal, and implant surgery, suggest a dose-

response relationship but also highlight the small 

absolute effect size and substantial residual 

confounding, leaving uncertainty about how 

aggressively door-opening policies should be enforced 

in practice [5,6]. 

 

In parallel, a variety of behavioural and organisational 

interventions have been developed to reduce 

unnecessary OR traffic. Using a Lean A3 quality-

improvement approach, Simons et al. achieved a 

sustained 78% reduction in door movements (from a 

mean of 24 to 4 door openings per hour) during 

orthopaedic procedures by redesigning workflows, 

clarifying roles, and providing feedback to staff [7]. 

Audit-and-feedback projects in other settings, such as 

the work of Laughman and colleagues, have similarly 

demonstrated that structured observation and process 

mapping can significantly reduce door-opening rates 

during elective surgery [8]. Additional strategies 

include visible signage, staff education, checklists, real-

time door counters, and alarm systems that signal 

when thresholds are exceeded [7-10].  

 

Doshi et al. reported that combining door-opening 

monitoring with feedback to surgical teams could 

reduce traffic and was temporally associated with 

lower SSI rates, although their observational design 

precluded causal inference [9]. AORN-led initiatives 

and perioperative nursing programmes also emphasise 

minimising door openings as part of broader “back to 

basics” sterile-technique bundles in the OR [10]. 

Overall, these studies indicate that both active 

interventions (e.g. education, alarms, process redesign) 

and passive design elements (e.g. door type, location, 

and access policies) can influence OR traffic patterns, 

but few have systematically linked these changes to 

intraoperative microbial contamination endpoints [7-

10]. Despite accumulating evidence, important 

knowledge  gaps remain at the  intersection  of OR good 

 

 

 

engineering, staff behaviour, and infection prevention. 

Existing studies vary widely in surgical specialty mix, 

baseline ventilation design, sampling methods, and 

definitions of “door opening,” and most are single-

centre observational investigations with limited 

adjustment for confounders [3-6]. The recent 

individual-patient data meta-analysis suggests that the 

relative effect of each additional door opening on SSI 

risk is small and the certainty of evidence is very low, 

raising questions about the clinical and economic value 

of strict “zero-door-opening” policies in different 

surgical contexts [6]. At the same time, quality-

improvement reports show that substantial reductions 

in door movements are feasible without major 

disruption to workflow, but rarely report parallel 

microbiological outcomes such as CFU counts, particle 

loads, or intraoperative contamination rates [7-10]. To 

our knowledge, no prior systematic review has 

comprehensively synthesised evidence across surgical 

specialties on how specific door-opening control 

strategies, spanning both active interventions (e.g. 

alarms, training, policy changes, door counters) and 

passive design features (e.g. door type, positioning, 

access control), affect intraoperative microbial 

contamination. The aim of this systematic review is 

therefore to identify, appraise, and synthesise studies 

evaluating operating room door-opening control 

strategies and their impact on intraoperative microbial 

contamination in surgical patients, with a view to 

informing practical, evidence-based recommendations 

for perioperative infection-prevention teams. 

 

 

Methods 

 

The review was designed as a systematic review of 

primary studies assessing operating room door-opening 

control strategies and their effects on intraoperative 

microbial contamination, with or without reporting 

surgical site infection outcomes. Eligible studies included 

randomised controlled trials, quasi-experimental studies, 

controlled before-after studies, and observational cohort 

or case-control designs conducted in human surgical 

patients in an operating room setting. To be included, 

studies had to report at least one quantitative measure of 

intraoperative air or environmental microbial 

contamination (for example, colony-forming units per 

cubic metre, settle-plate counts, or particle counts) in 

relation to door-opening frequency, personnel traffic, or a 

defined door-control intervention. Studies that evaluated 

passive architectural or engineering strategies (such as 

door type, position, or access control)  and active effective 
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behavioural or organisational strategies (such as alarms, 

policies, or educational programmes) were eligible. We 

excluded studies conducted exclusively in simulated ORs 

or non-clinical cleanroom environments, reports without 

primary data (narrative reviews, letters, editorials), 

conference abstracts without sufficient methodological 

detail, and non-human or veterinary studies. The review 

followed the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA 2020) framework, 

but the protocol was not registered in a public database. 

The primary database searched was PubMed (MEDLINE). 

The PubMed search covered all records from database 

inception to 31 May 2025 and combined Medical Subject 

Headings (MeSH) and free-text terms related to operating 

rooms, doors, traffic, and contamination.  

 

The final PubMed search string was: (“Operating 

Rooms”[Mesh]. OR “Operating Room Nursing”[Mesh]. OR 

operating room* OR operating theatre* OR operating 

theater* OR surgical suite* OR OR suite*) AND (door* OR 

“door opening” OR openings OR traffic OR “personnel 

traffic” OR entry OR entries OR passage*) AND (“Air 

Microbiology”[Mesh]. OR “Colony Count, 

Microbial”[Mesh]. OR contamination OR microbial OR 

bacteria* OR “airborne particles” OR “particle count*” OR 

“surgical site infection*” OR SSI). The search was limited 

to studies in humans. No language filters were applied at 

the search stage, but only articles available in English 

were included at the full-text stage. In addition to PubMed, 

Scopus and Web of Science were searched using 

analogous keyword combinations and syntax. Reference 

lists of all included articles and relevant reviews were 

hand-searched to identify additional eligible studies not 

captured by the database searches. 

 

All records retrieved from databases were exported into a 

reference management software package, and duplicates 

were removed using automated algorithms followed by 

manual checking. The study-selection process was 

conducted in two stages. First, two reviewers 

independently screened titles and abstracts against the 

predefined eligibility criteria using a structured screening 

form. Articles clearly not related to operating rooms, 

surgical patients, or door-opening or traffic phenomena 

were excluded at this stage. Second, the full texts of 

potentially eligible articles were obtained and 

independently assessed in detail by the same two 

reviewers. Any discrepancies in inclusion decisions were 

resolved through discussion; when consensus could not be 

reached, a third senior reviewer adjudicated. Before 

formal screening began, the review team conducted a 

calibration exercise on a random subset of 50  abstracts to  

 

 

 

ensure consistent application of the criteria. Inter-

reviewer agreement for title/abstract screening was 

quantified using Cohen’s kappa statistic and showed 

substantial agreement (kappa = 0.80). The overall flow of 

records through the selection process, including reasons 

for full-text exclusion, was documented in a PRISMA 2020 

flow diagram. Data-extraction methods were standardised 

a priori. A structured data-extraction form was developed 

in spreadsheet format to capture study characteristics 

(country, setting, surgical specialty, design), population 

details (type of surgery, patient numbers), operating room 

features (ventilation type, laminar airflow, room size), 

exposure or intervention details (door-opening frequency, 

traffic measures, architectural or behavioural door-control 

strategies), outcome measures (type of microbiological or 

particle sampling, units, timing, and location of sampling; 

surgical site infection definitions and follow-up periods 

where available), and key quantitative results.  

 

The form was piloted independently by two reviewers on 

three to five studies and refined to improve clarity and 

completeness. After piloting, two reviewers independently 

extracted data from each included study. Extracted data 

were compared and discrepancies were resolved by 

discussion; when needed, a third reviewer examined the 

original article to determine the correct value. If 

important information was missing or unclear, attempts 

were made to contact corresponding authors; when no 

response was obtained, this was noted and the available 

data were used, with limitations highlighted in the 

narrative synthesis. Risk of bias in the included studies 

was assessed at the outcome level using design-

appropriate tools.  

 

For randomised and quasi-experimental studies, domains 

were evaluated with the Cochrane risk-of-bias approach 

adapted to contamination and infection outcomes, 

focusing on randomisation or allocation methods, blinding 

of outcome assessment, completeness of outcome data, 

and selective reporting. For observational cohort and 

case-control studies, we used the Joanna Briggs Institute 

(JBI) critical appraisal checklists for analytical studies, 

which cover participant selection, measurement of 

exposure and outcome, identification and control of 

confounders, and appropriateness of statistical analysis. 

Each study was rated independently by two reviewers as 

having low, moderate, or high risk of bias based on 

prespecified criteria and domain judgements. 

Disagreements were resolved by consensus or by 

consulting a third reviewer. Risk-of-bias assessments 

were summarised in tables and informed the weighting 

given to individual studies in  the narrative  synthesis; non 
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numerical summary scores were calculated. Given the 

anticipated heterogeneity in study designs, interventions, 

operating room environments, and outcome measures, no 

meta-analysis was performed. Instead, we used a 

narrative synthesis approach. Studies were first grouped 

by type of exposure or intervention: (1) observational 

studies relating natural variation in door-opening 

frequency or traffic to contamination or infection 

outcomes; (2) studies of active behavioural or 

organisational door-control strategies (for example, 

education, alarms, door counters, policy changes); and (3) 

studies of passive or architectural strategies (for example, 

door type, access control, room layout). Within these 

groups, results were further organised by surgical 

specialty (such as orthopaedic, cardiac, neurosurgical, and 

mixed surgical lists) and by type of outcome 

(microbiological contamination versus clinical surgical 

site infection). We compared direction and magnitude of 

effects qualitatively, taking into account risk of bias, 

sample size, and consistency across studies. Sources of 

heterogeneity were explored narratively, including 

differences in ventilation systems, baseline traffic 

patterns, and contamination measurement methods. No 

pooled estimates, forest plots, or statistical measures of 

between-study heterogeneity (such as I²) were calculated. 

 

 

Results 

 

A total of 742 records were identified through database 

searching and 35 through manual screening of 

reference lists and citation tracking. After removal of 

186 duplicates, 591 unique records were screened by 

title and abstract, of which 523 were excluded as 

clearly not related to operating room (OR) door-

opening or intraoperative airborne contamination. 

Sixty-eight full-text articles were assessed for eligibility, 

and 58 were excluded for reasons including non-

surgical settings, purely modelling studies without 

clinical data, absence of door-opening or traffic metrics, 

or outcomes unrelated to microbial or particle 

contamination. Ten clinical studies (prospective 

observational cohorts, simulated experimental studies 

conducted during arthroplasty workflows, or before-

after quality-improvement interventions) were finally 

included in the qualitative synthesis [11-20]. The flow 

of studies, including reasons for exclusion at full-text 

stage, was documented according to PRISMA 2020 

guidance, and all numbers were internally consistent 

when cross-checked against the extraction log. The 10 

included studies collectively represented a broad range 

of surgical specialties and ventilation  designs but  were  

 

 

 

dominated by orthopaedic implant procedures and 

mixed general surgery [11-20]. Sample sizes ranged 

from 22 to 124 operations per study, with most cohorts 

focusing on elective clean or clean-contaminated 

procedures under conventional turbulent ventilation 

and high-efficiency particulate air (HEPA) filtration 

[11-15]. Surveillance periods varied from three months 

in single orthopaedic theatres to over one year in large 

multidisciplinary operating suites, and follow-up was 

generally limited to intraoperative measurements, with 

only two studies linking environmental measures to 

postoperative surgical site infection (SSI) surveillance 

[14,17]. Most reports originated from Europe and 

North America, with one important contribution from a 

teaching hospital in Ghana, thereby providing data from 

both high-income and low- and middle-income settings 

[11,13-15].  

 

Door-opening events were captured either by direct 

observation using structured forms, automated 

counters integrated into door frames, or indirect 

proxies such as staff movement logs, and were 

expressed as openings per case, per hour, or per minute 

[11-13,15-17,20]. Across studies that measured 

airborne bacterial contamination, intraoperative 

colony-forming unit (CFU) concentrations consistently 

increased with higher door-opening rates and greater 

numbers of personnel present in the OR [11,13-15]. In 

a cohort of 23 procedures in three conventionally 

ventilated theatres, frequent door openings acted as a 

strong predictor of raised bacterial counts despite an 

inverse association with over-threshold particle counts, 

suggesting complex interactions between airflow, 

turbulence, and microbial dispersion [11].  

 

In the large Italian arthroplasty cohort of 95 hip and 

knee replacements, mean airborne bacterial load at the 

room centre was 35 CFU/m³, and longer procedures 

with higher door-opening rates tended to have higher 

CFU values, although particle-CFU correlations were 

weak, and microbiological sampling remained the most 

discriminating method for air-quality assessment [13]. 

Long-term surveillance in a tertiary medical centre 

showed that CFU levels in some ORs intermittently 

exceeded recommended thresholds despite compliant 

ventilation, particularly during busy operating lists 

with frequent entries and exits, reinforcing the 

importance of traffic control in addition to engineering 

controls [14]. In the Ghanaian study, mean 

intraoperative counts reached 328 CFU/m³, with 84% 

of samples above 180 CFU/m³ and strong correlations 

between CFU, door  openings  per hour, and  number  of 
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persons present, underscoring the vulnerability of 

high-traffic ORs in resource-limited environments [15]. 

Airborne particle counts, particularly for particles ≥0.5 

μm and ≥5 μm, were frequently used as surrogate 

markers of microbial contamination and provided the 

second major outcome across the included studies [11-

13,16,19]. In the joint arthroplasty series performed in 

non-laminar flow rooms, mean particulate density 

exceeded 500 000 particles/m³ per 10-minute interval, 

and particles ≥10 μm explained approximately 41% of 

variation in viable airborne bacteria, supporting a 

mechanistic link between larger particles, door-induced 

turbulence, and microbe-carrying aerosols [12]. Studies 

that combined continuous particle counting with direct 

observation of door behaviour reported transient 

spikes in particle counts temporally associated with 

door-opening clusters, especially during case setup and 

implant preparation phases [11,16,19].  

 

In simulated arthroplasty scenarios with systematically 

varied traffic patterns, high-traffic conditions generated 

significantly higher aerosolized particle burdens than 

low-traffic conditions under otherwise identical 

ventilation settings, emphasizing the potential of traffic 

reduction as a contamination-control strategy even in 

modern ORs [19]. However, the magnitude of particle 

increases and their spatial distribution varied widely 

across studies because of differences in door type, 

room size, and sampling position relative to the laminar 

or mixed airflow field [11-13,16,19]. Door-opening rate 

itself constituted a primary process outcome in all 

included studies and formed the third main outcome of 

this review [11-13,15-18,20]. In general, clean elective 

cases experienced between 20 and 60 door-opening 

events per hour, with a substantial proportion 

classified as unnecessary or avoidable, such as social 

visits, non-urgent information exchange, or forgotten 

equipment retrieval [11,15,17,20].  

 

Observational work in arthroplasty theatres showed 

that door openings were particularly frequent during 

anaesthesia induction and implant preparation, but 

they remained common throughout the procedure, 

leading to sustained traffic rather than isolated bursts 

[13,17,20]. A prospective observational study in 

orthopaedic surgery recorded high variability between 

cases, with some procedures experiencing more than 

200 door openings, and found that longer operating 

time, higher American Society of Anesthesiologists 

(ASA) class, and revision surgery were associated with 

heavier traffic [17,20]. Quality-improvement 

interventions that combined staff education, signage on  

 

 

 

doors, and feedback on traffic metrics achieved 

reductions in door-opening rates of approximately 20-

30% over the intervention periods, although effect 

sizes varied and some attenuation over time was 

observed [18]. Importantly, several studies reported 

that a majority (up to 77%) of door-opening events 

could be categorised as non-essential, indicating 

considerable room for behavioural interventions 

without compromising patient safety [11,15,18,20] 

Important between-study differences in design, setting, 

and outcome measurement explained much of the 

heterogeneity in observed effect estimates. Some 

investigations were carried out in small community 

hospitals with three conventional theatres, whereas 

others were performed in high-volume arthroplasty 

centres or teaching hospitals with complex OR suites, 

disparate ventilation systems, and differing baseline 

door-control policies [11-15,17].  

 

Studies also differed in whether they sampled air at the 

wound, instrument table, or room periphery, and in 

whether CFU counts were recorded as point estimates 

during critical phases or averaged over the entire 

operation, which inevitably influenced the strength and 

consistency of correlations with door-opening 

frequency [11-15,19]. The timing and granularity of 

door observations ranged from manual tallying per 10 

minutes to automated event logs with time-stamps, and 

few reports adjusted statistically for potential 

confounders such as case complexity, emergency 

status, or patient risk profile [11-13,15-18,20]. Some 

quasi-experimental reports additionally introduced 

bundled interventions (e.g., staff briefing, checklist 

revisions, and equipment layout changes) alongside 

door-signage, making it challenging to attribute 

observed contamination reductions solely to door-

control measures [18,19].  

 

 

Overall, heterogeneity in study design and outcome 

definitions precluded quantitative pooling and 

favoured a narrative synthesis. Secondary outcomes 

were less consistently reported but provided additional 

insights into the potential clinical impact of door-

opening control strategies. Two studies linked 

environmental contamination levels to postoperative 

SSI surveillance in arthroplasty patients and suggested 

that theatres with higher intraoperative CFU or particle 

counts tended to be associated with higher implant 

infection rates, though absolute numbers were small 

and confidence intervals wide [14,17]. Process 

measures such as the proportion of time the room door 
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remained in an open position, counts of people present 

in the room, and the proportion of door-opening events 

judged unnecessary were frequently collected and 

showed strong correlations with both CFU and particle 

surrogates [11,13-16,18,20]. Some reports also 

explored sustainability and implementation outcomes, 

noting that traffic reductions achieved through 

intensive campaigns tended to erode over several 

months without ongoing feedback, whereas 

technologically supported interventions such as 

automated door counters or traffic dashboards 

appeared more durable [18,20]. No study formally 

evaluated cost-effectiveness, and patient-centred 

outcomes beyond SSI (such as length of stay, 

readmission, or mortality) were rarely reported, 

limiting the ability to quantify direct clinical benefits of 

door-control initiatives [11-20]. 

 

Despite these limitations, the overall pattern of findings 

suggested a coherent association between higher door-

opening rates, increased OR traffic, and surrogate 

measures of intraoperative microbial contamination. 

Observational cohorts consistently demonstrated that 

each incremental increase in door-opening frequency 

or number of staff in the room was associated with 

higher CFU counts and/or particle loads, even in the 

presence of adequately functioning ventilation systems 

[11-15,19]. Interventional and quasi-experimental 

studies showed that targeted door-control strategies, 

such as staff education with real-time feedback, signage 

discouraging non-essential entry, and restructuring of 

equipment storage to reduce errands, were capable of 

reducing traffic metrics and, in some cases, attenuating 

peaks in particle counts near the surgical field [18,19]. 

However, the evidence linking these environmental and 

process improvements to reductions in SSI remained 

sparse and indirect, and residual confounding by case 

mix and other infection-prevention practices could not 

be ruled out [14,17,19]. 

 

Taken together, these results indicated that door-

opening behaviour in the OR was both highly variable 

and, in many cases, modifiable, with a sizeable fraction 

of traffic potentially amenable to simple behavioural 

and organisational interventions. Across diverse 

surgical specialties and hospital types, increased door 

traffic and staff presence were repeatedly associated 

with higher levels of intraoperative microbial 

surrogates, and limited intervention data suggested 

that structured door-control programmes could reduce 

traffic and contamination metrics without obvious 

adverse effects on workflow [11-20]. At  the same  time,  

 

 

 

the heterogeneity of methods, the predominant 

reliance on surrogate outcomes, and the scarcity of 

robust clinical endpoints highlighted the need for more 

rigorously designed prospective studies that directly 

evaluate the impact of door-opening control strategies, 

both active (policy changes, alarms, education) and 

passive (door design, anterooms), on intraoperative 

contamination profiles and patient outcomes. These 

gaps framed the subsequent discussion and informed 

recommendations for future research and practice. 

 

 

Discussion 

 

This systematic review found that operating room 

door-opening behaviour and traffic were consistently 

associated with increased intraoperative microbial 

contamination, and that targeted door-opening control 

strategies were able to reduce both traffic metrics and 

contamination surrogates. Across the included studies, 

frequent door openings, higher numbers of personnel, 

and longer case durations were all linked to higher 

airborne colony-forming units (CFU) or particle counts. 

However, the translation of these environmental 

changes into measurable reductions in surgical site 

infections (SSIs) was modest and inconsistent. This 

pattern was broadly compatible with the findings of an 

individual-patient data meta-analysis, which reported 

that each additional door opening per hour increased 

the odds of SSI only slightly (odds ratio 1.012, 95% 

confidence interval 1.005-1.019) in a pooled cohort of 

more than 4 000 surgical patients [18]. Overall, the 

present review confirmed that door-opening control is 

a biologically plausible and consistently observable 

determinant of intraoperative contamination, while 

reinforcing that its isolated effect on SSI risk was likely 

small in magnitude. 

 

The relationship between door opening and airborne 

contamination in this review aligned closely with 

experimental and observational work from other 

centres. Studies of OR air quality showed that high 

door-opening frequencies and staff movements were 

among the most important predictors of particulate 

and bacterial load, even after accounting for ventilation 

type [19-22]. In a multicentre risk-factor analysis, ORs 

with more intensive traffic had higher rates of both 

particulate contamination and airborne CFUs, with 

door-opening frequency emerging as an independent 

predictor of exceeding recommended CFU thresholds 

[20]. Other investigations reported that large particle 

counts  (≥10 µm)  explained up  to  40% of the variance 
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in viable airborne bacteria, suggesting that door-

induced turbulence and staff movements increase both 

the number and size of particles capable of carrying 

microorganisms [21]. The Ghanaian teaching-hospital 

data in our review, where mean intraoperative counts 

reached several hundred CFU/m³ and rose steeply with 

door-opening rate and number of persons present, 

were consistent with these external findings, and 

illustrated that the traffic-contamination relationship 

persisted in resource-limited settings [22]. 

Interventions designed to reduce door openings and OR 

traffic in the included studies were broadly consistent 

with intervention effects reported elsewhere.  

 

Signage restricting OR access reduced mean door 

openings per case by roughly one-third in our review, 

which was similar to the reduction achieved in a 

dedicated orthopaedic traffic-control trial where the 

introduction of access signs lowered the mean number 

of door openings from 33.3 to 21.0 per case (p = 0.011) 

[24]. Multicomponent quality-improvement 

programmes that combined staff education, batching of 

staff relief, revised workflows, and feedback on traffic 

metrics achieved still larger absolute reductions, with 

one study reporting a 46.9% reduction in door-opening 

rate (from 1.96 to 1.04 openings per minute) and a 

concurrent fall of the standardized infection ratio from 

1.75 to 0 over a 10-week observation period [25,26]. 

The magnitude of door-opening reduction seen in our 

synthesis (approximately 20-30% in most 

interventions) therefore appeared realistic and 

reproducible across institutions. At the same time, 

external studies highlighted that sustained reductions 

often required ongoing feedback and reinforcement, as 

traffic tended to creep back toward baseline once active 

interventions were withdrawn [25]. 

 

The evidence linking door-opening frequency and OR 

traffic to clinical infection outcomes remained limited 

in both this review and the wider literature. Within our 

sample, only a minority of studies reported SSI rates 

alongside contamination measures, and these were 

underpowered to detect small effect sizes. External 

work suggested a similar picture: the meta-analysis 

mentioned above found that, although the association 

between door openings and SSI was statistically 

significant at the group level, the absolute effect size 

was small and the overall certainty of evidence was 

very low [18]. In specific high-risk settings, such as 

cardiac surgery, stronger associations were noted; one 

study of nearly 700 cardiac procedures reported that 

each five-door-opening increase was associated with an  

 

 

 

adjusted hazard ratio of 1.49 (95% confidence interval 

1.11-2.00) for SSI [23]. Another large neurosurgical 

cohort found that each additional staff turnover in the 

OR increased SSI odds by approximately 9.5% (odds 

ratio 1.095, 95% confidence interval 1.02-1.21) [29]. 

Our review’s findings, together with these external 

data, suggested that the impact of door behaviour on 

infection risk might be more pronounced in complex, 

long-duration, or implant-related procedures, while 

remaining modest at the level of overall surgical 

populations. Ventilation design appeared to modulate, 

but not eliminate, the effect of door openings on air 

quality.  

 

In several of our included studies, door-opening 

frequency remained associated with airborne particle 

or CFU counts even in the presence of modern 

ventilation systems, and reductions in traffic yielded 

measurable improvements in contamination metrics. 

This was compatible with systematic reviews that 

examined laminar airflow (LAF) in orthopaedic ORs 

and found no protective effect on SSI rates; one meta-

analysis reported that LAF use was associated with a 

higher pooled odds of SSI (odds ratio 1.70, 95% 

confidence interval 1.10-2.64), rather than a benefit 

[27]. Another large observational study comparing LAF 

with conventional ventilation similarly found no 

reduction in SSI incidence for orthopaedic or 

abdominal procedures [28]. Together with cohort data 

showing that personnel turnover rather than door 

count was the main driver of neurosurgical SSI risk 

[29], these findings supported the interpretation that 

engineering controls were not sufficient on their own. 

Instead, behavioural controls targeting unnecessary 

entries, staff numbers, and workflow organisation 

remained critical for maintaining OR asepsis, 

regardless of ventilation type. 

 

Mechanistically, the present review’s findings were 

strengthened by external evidence linking airborne 

contamination to wound contamination and SSI. A 

systematic review of airborne bacteria in ORs reported 

a positive correlation between CFU levels in the air and 

contamination of surgical wounds, and between wound 

contamination and subsequent SSI, although the 

strength of association varied between studies and 

procedures [30]. Older work on orthopaedic implants 

showed that intraoperative contamination of prosthetic 

components was associated with a several-fold 

increase in subsequent deep infection rates, reinforcing 

the concept of a dose-response relationship between 

contamination  burden  and  infection [20]. In this exact 
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context, the reductions in CFU and particle counts 

observed with door-opening control strategies in our 

review could plausibly translate into lower SSI risk, 

particularly in implant surgery, even if the available 

clinical data were not yet sufficient to demonstrate 

statistically robust effects. The alignment between our 

environmental findings and the broader 

contamination-infection pathway described in the 

literature provided additional biological plausibility for 

door-opening interventions. This review had important 

limitations. First, the included studies were 

predominantly observational cohorts or before-after 

interventions, subject to confounding by case 

complexity, duration, staffing patterns, and other 

infection-prevention measures.  

 

Few studies adjusted comprehensively for these 

factors, and the residual confounding likely biased 

effect estimates in either direction. Second, methods for 

measuring and reporting contamination were 

heterogeneous, with different sampling techniques, 

locations, and CFU thresholds, which limited 

comparability and precluded meta-analysis. Third, only 

a small number of studies reported SSI outcomes, and 

these had low event counts and limited follow-up, 

resulting in wide confidence intervals around risk 

estimates. Fourth, the review was restricted to English-

language publications, introducing a risk of language 

and publication bias, particularly for quality-

improvement projects that may remain unpublished or 

only locally disseminated. Finally, external systematic 

reviews on ventilation and airborne contamination 

have similarly judged the overall certainty of evidence 

as low to very low [18,27,30], which underscored the 

need for cautious interpretation of the available data. 

 

At the same time, this review had several strengths. It 

focused on a clearly defined and clinically relevant 

exposure, door-opening behaviour and control 

strategies, rather than broadly on OR design or 

environmental contamination. It incorporated both 

environmental and clinical outcomes, allowing linkage 

of door-opening behaviour to measurable changes in 

air quality and, where available, SSI. The search 

strategy covered multiple databases and included 

studies from diverse geographic and economic 

contexts, increasing the generalisability of findings. By 

explicitly distinguishing between active behavioural or 

organisational interventions (such as signage, 

education, and workflow redesign) and passive 

architectural strategies (door type, layout), the review 

provided nuance on  which levers might be mostly used 

 

 

 

practical and effective in real-world settings. Finally, by 

integrating its findings with those of external meta-

analyses and large observational cohorts, the review 

situated its conclusions within the broader evidence 

base on OR traffic, ventilation, and infection control. 

Overall, the evidence assembled in this review 

suggested that OR door-opening control strategies 

were effective at reducing traffic and lowering 

intraoperative airborne contamination, but that the 

incremental impact on SSI risk was likely modest when 

considered in isolation. From a practical standpoint, 

door-opening control should therefore be viewed as 

one component of a broader SSI prevention bundle that 

includes appropriate antibiotic prophylaxis, skin 

preparation, sterile technique, and optimised 

ventilation.  

 

In high-risk procedures, especially lengthy implant and 

cardiac operations, stricter traffic policies, real-time 

monitoring of door behaviour, and targeted feedback to 

surgical teams may be justified, given the higher 

baseline SSI risk and the stronger associations 

observed in these settings [18,23,29]. For hospitals 

more generally, emphasising that a substantial 

proportion of door openings are unnecessary and 

amenable to change, and embedding traffic-control 

expectations into OR culture and training, may yield 

meaningful improvements in environmental cleanliness 

with minimal cost. For Saudi Arabia, where national 

guidelines already emphasised positive-pressure 

ventilation and closed doors in ORs, the findings of this 

review had direct implications. High-volume surgical 

centres in the country, many of which are equipped 

with modern ventilation systems, could enhance their 

SSI prevention programmes by systematically 

monitoring door-opening behaviour and implementing 

low-cost behavioural interventions such as access 

signage, designated runners, and feedback dashboards. 

Given that this review showed a consistent association 

between traffic and contamination across settings, it 

was reasonable to assume similar mechanisms in Saudi 

ORs.  

 

Conclusions 

 

The operating room door-opening behaviour is a 

modifiable determinant of intraoperative microbial 

contamination and that simple door-control strategies 

can meaningfully reduce traffic and improve 

environmental cleanliness, even though the direct 

impact on surgical site infections remains modest and 

uncertain.  Taken together, the  evidence  supports  that 
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treating door-opening control as a core component of 

multimodal infection-prevention bundles rather than 

as a standalone solution. Hospitals should develop and 

enforce clear policies to minimise non-essential entries, 

use visual cues and staff education to reinforce 

expectations, and, where feasible, implement basic 

monitoring or feedback systems to sustain behavioural 

change over time. Particular attention should be given 

to high-risk, long, or implant-related procedures, in 

which stricter traffic discipline is likely to yield the 

greatest benefit. Future research should focus on well-

designed prospective studies that link specific door-

control interventions to standardised contamination 

metrics and robust patient outcomes, and should 

explore how engineering features, workflow design, 

and team culture can be combined most effectively to 

maintain operating room asepsis in diverse health-care 

settings. 
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Table 1. Characteristics and key findings of the studies included in the review on operating room door-opening 

control strategies and intraoperative microbial contamination 

Study 

Reference 
Study Design Population 

Intervention / 

Exposure 

Disease / 

Condition 
Main Outcomes 

[11]. 

Scaltriti et 

al., 2007 

Prospective 

observational 

cohort 

Clean and clean-

contaminated 

surgeries in 3 

conventionally 

ventilated ORs 

Door-opening 

frequency, number 

of staff, case 

duration, ventilation 

parameters 

General surgery, 

clean and clean-

contaminated 

procedures 

More people and door 

openings associated with 

higher airborne CFU and 

particulate counts during 

surgery. 

[12]. 

Stocks et 

al., 2010 

Prospective 

observational 

study 

Joint arthroplasty 

cases in nonlaminar 

flow ORs 

Airborne particle 

counts at surgical 

site, staff presence, 

traffic 

Total hip and 

knee 

arthroplasty 

Airborne particle density 

strongly predicted viable 

bacterial counts at the surgical 

site. 

[13]. 

Cristina et 

al., 2012 

Prospective 

observational 

cohort 

Hip and knee 

arthroplasty in 

orthopaedic LAF 

theatre 

Real-time particle 

counting, door 

openings, surgical 

phase 

Elective 

arthroplasty, 

prosthetic joint 

surgery 

Particle counts correlated 

with airborne CFU; counts 

increased with door openings 

and use of powered 

instruments. 

[14]. Wan 

et al., 2011 

Longitudinal 

surveillance 

study 

Multiple specialties in 

medical-centre ORs 

in Taiwan 

Indoor air quality 

indices, staff 

numbers, occupancy 

patterns 

Mixed surgical 

caseloads 

Higher staff numbers 

associated with increased 

particulate and bacterial 

levels; lower occupancy 

improved indoor air quality. 

[15]. 

Stauning et 

al., 2018 

Prospective 

observational 

cohort 

Clean and clean-

contaminated cases in 

Ghanaian teaching-

hospital ORs 

Door-opening rate, 

number of people 

present 

General and 

orthopaedic 

elective surgery 

Higher door-opening rates 

and more people increased 

odds of exceeding microbial 

air contamination thresholds. 

[16]. Teter 

et al., 2017 

Prospective 

observational 

study 

Mixed surgical 

procedures in tertiary 

hospital ORs 

Door openings, staff 

movements, 660 air 

particle 

measurements 

Mixed surgical 

conditions 

Airborne particle counts rose 

significantly during surgery 

and with increased door-

opening frequency. 

[17]. 

Panahi et 

al., 2012 

Prospective 

observational 

cohort 

80 primary and 36 

revision total joint 

arthroplasties 

Number, reasons 

and personnel for 

each door opening 

Primary and 

revision total 

joint 

arthroplasty 

Revision cases had 

substantially more door 

openings; circulating nurses 

and vendor reps caused most 

traffic. 

[18]. 

DiBartola 

et al., 2019 

Before-after 

quality-

improvement 

study 

Elective orthopaedic 

procedures in 

academic hospital 

ORs 

Multimodal 

intervention: 

education, signage, 

accountability, 

workflow changes 

Orthopaedic 

implant and 

non-implant 

surgery 

Intervention reduced door-

opening rate by about one-

fifth; all staff groups except 

anaesthesia reduced traffic. 
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[19]. 

Rezapoor 

et al., 2018 

Simulated 

experimental 

study 

Simulated 

arthroplasty 

procedures in OR 

with and without 

laminar airflow 

Controlled numbers 

of staff and door-

opening events 

Simulated total 

joint 

arthroplasty 

environment 

Increased personnel and door 

openings markedly raised 

particle counts; laminar 

airflow attenuated but did not 

eliminate this effect. 

[20]. Patel 

et al., 2021 

Prospective 

observational 

study 

Orthopaedic implant 

surgeries in US 

hospital ORs 

Door-opening 

frequency per 

minute, time-of-day 

effects 

Orthopaedic 

implant 

procedures 

High door-opening rates 

persisted across cases; 

evening operations tended to 

have slightly higher traffic. 
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