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Abstract

Keywords

Background and aims: The architectural layout of dental clinics plays a key
role in infection control and in promoting the occupational health of staff Architectural Layout
and patient safety. This study aimed to investigate the relationship between

architectural spatial elements and the level of infection control in dental clinics
in Tehran. Dental Clinic

Infection Control

Methods: This applied research was conducted using a mixed-method Spatial Design
approach (quantitative and qualitative). In the qualitative phase, data were
collected through semi-structured interviews with nine experts in architecture,
healthcare, and dentistry. Thematic analysis was performed using MAXQDA
(version 2018). In the quantitative phase, data from 377 questionnaires were
analyzed using SPSS (version 28), and Pearson correlation coefficients were
used to examine the relationships between variables.

Space Circulation

Results: The results indicated that the components of "spatial organization,"

"segregation of circulation paths,” and "separation of contaminated and clean

zones" had the highest priority and strongest correlation with infection control.

The Pearson correlation coefficients for these components were 0.85, 0.78,

and 0.72, respectively (p<0.01). In addition, the use of hygienic and flexible Received: 2025/05/10
furniture were identified as other important factors in reducing the risk of Accepted : 2025/08/9
pathogen transmission.

Conclusion: Hygienic design and appropriate spatial layout in treatment
areas can significantly prevent infection spread in dental clinics. Developing
architectural safety standards and providing continuous training for healthcare
staff are recommended strategies for improving the safety of dental care
environments in Iran.
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EXTENDED ABSTRACT

INTRODUCTION

Infectious diseases continue to pose a significant
global threat to public health, with healthcare
environments serving as primary zones for potential
pathogen transmission. Dental clinics, in particular,
face unique challenges due to the close physical
proximity between providers and patients, the
frequent use of aerosol-generating equipment, and
the need to maintain high hygiene standards within
compact and often crowded spaces. Despite these
risks, architectural planning in dental settings has not
consistently prioritized infection control—especially
in developing countries such as Iran.

In Tehran, rapid urbanization, a dense population,
and growing demand for dental services have
outpaced infrastructure development. As a result,
many dental clinics are functionally inadequate,
lacking essential features such as separation between
clean and contaminated zones, proper air circulation,
and clearly defined circulation paths. The absence
of evidence-based architectural guidelines tailored
specifically to dental clinics further exacerbates the
risk of infection transmission.

This study addresses this critical gap by evaluating
the impact of architectural spatial layout on infection
control in dental clinics across Tehran. By integrating
insights from architecture, occupational health,
and dental practice, the research aims to establish a
multidisciplinary framework for designing safer and
more hygienic clinical environments.

Research Objectives

The primary objective of this study is to investigate
the relationship between spatial design elements and
the effectiveness of infection control in dental clinics.
Specifically, the study aims to:

« Identify architectural components that influence
the spread or containment of infectious agents in
dental care settings.

o Analyze the role of spatial organization,
circulation patterns, and furniture layout in managing
infection risk.

+ Develop design recommendations based on
interdisciplinary insights to enhance the health and
safety of both staff and patients.

« Propose a functional zoning model that supports
infection prevention through evidence-based spatial
planning.

Theoretical Framework and Literature Review
Infection control strategies are not solely
procedural or clinical—they are deeply influenced
by environmental and architectural factors. The
foundational work of Florence Nightingale during
the Crimean War underscored the importance of
ventilation and natural light in reducing mortality.
Her pavilion hospital design emphasized segregation,

airflow, and accessibility—principles that remain
highly relevant in contemporary infection control.

Recent research has reaffirmed that architectural
decisions, such as the implementation of negative-
pressure rooms, functional zoning, and the separation
of movement flows, can significantly mitigate the
transmission of infectious agents. Guidelines from
the World Health Organization (WHO) and the
Centers for Disease Control and Prevention (CDC)
emphasize that spatial planning should align with
infection prevention objectives, particularly in high-
risk outpatient settings like dental clinics.

Despite the growing body of evidence supporting
design-based infection control, dental facilities in Iran
often lack standardized spatial protocols. Many clinics
suffer from shared circulation paths, inadequate zoning,
insufficient isolation areas, and limited waiting space—
all of which contribute to elevated infection risks.

METHODOLOGY

This applied research adopts a sequential exploratory
mixed-method approach, integrating qualitative and
quantitative phases for comprehensive data collection
and analysis.

Qualitative Phase

Participants: Nine experts—including architects,
dentists, and healthcare professionals—each with over
ten years of professional experience, were selected for
the qualitative phase.

Data Collection: Semi-structured interviews were
conducted online via Google Meet. Each session lasted
approximately 45 minutes and followed a guided
protocol to explore participants’ insights on spatial
design and infection control in dental clinics.

Analytical Tools: Thematic analysis was performed
using MAXQDA (version 2018), enabling systematic
coding and identification of recurring patterns across
interviews.

Main Themes Identified
« Spatial management and zoning
« Circulation pathway design
o Furniture flexibility and hygiene

Quantitative Phase

Sample Size: A total of 377 participants were
selected from a population of 2,348 dental professionals,
based on Morgan’s Table for sample size determination.

Instrument: Data were collected using a
researcher-developed  semi-open  questionnaire,
designed based on insights from the qualitative phase.

Measurement Scale: Responses were recorded
using a 5-point Likert scale ranging from “Very Low”
to “Very High?”

Validity and Reliability: The instrument
demonstrated strong internal consistency, with a
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Table 1. Correlation coefficient between Architectural Layout and Infection control

Component

Mean Score  Pearsonr Importance

Spatial Organization
Segregation of Circulation Paths
Clean/Contaminated Zone Separation
Hygienic/Flexible Furniture

43 0.85 Very High
37 0.78 High
33 0.72 High
3.1 0.68 Moderate

Cronbach’s Alpha coefficient of 0.85.

Data Analysis: Quantitative data were analyzed
using SPSS (version 28, 2023). Statistical procedures
included descriptive statistics, mean ranking, and
Pearson correlation analysis, with a significance level
setat p < 0.01.

RESULTS
Qualitative Findings

Three primary themes emerged from the
qualitative analysis of expert interviews:

1. Spatial Organization and Zoning Experts
emphasized the critical importance of clearly
separating contaminated and clean zones within dental
clinics—for example, distinguishing treatment areas
from waiting rooms and administrative offices. One-
way flow systems for both equipment and patients were
highlighted as essential to minimize backtracking and
reduce the risk of cross-contamination.

2. Circulation Path Design The need for dual
circulation systems—distinct pathways for staff and
patients—was consistently underscored. Overlapping
movement patterns were identified as contributors to
increased exposure risk and psychological stress for
both personnel and visitors.

3. Furniture and Partitioning The use of modular,
easy-to-sanitize furniture was recommended to
support both hygiene and spatial flexibility. Experts
also advocated for the installation of partition walls
in waiting areas to reduce direct contact and limit
airborne transmission.

Quantitative Findings

Statistical analysis validated the qualitative results
and helped prioritize spatial components:

All components demonstrated statistically
significant positive correlations with infection control
(p < 0.01). The strongest relationship was observed in
overall spatial organization, emphasizing the need for
strategic space planning in dental settings (Table 1).

DISCUSSION

Theresults confirm that design-based interventions
are essential for controlling infection transmission
in dental clinics. Spatial mismanagement—such as
shared corridors and overlapping functional areas—
was found to significantly increase contamination
risks. In contrast, the implementation of zoning,
physical separation, and well-planned movement

y

flows can substantially reduce microbial transmission.

These findings are consistent with global precedents
in infection prevention. For example, the Centers for
Disease Control and Prevention (CDC) recommend
dedicated entry and exit routes, isolation rooms, and
hands-free access points. Similarly, Arkarapotiwong’s
study in Thailand during the COVID-19 pandemic
emphasized the importance of reconfigurable layouts,
negative-pressure treatment rooms, and modular
partitions—strategies that closely align with the
present study’s outcomes.

Furniture also plays a critical role in infection
control. In high-traffic clinical environments, mobile
and washable furniture supports spatial flexibility,
facilitates social distancing, and simplifies sanitation
procedures. Experts further recommended adjustable
seating arrangements and floor markers to guide
movement and reduce clustering.

These findings also align with guidance from the
World Health Organization (WHO), which advocates
for integrated design strategies that incorporate
air circulation, visibility, and access control. By
embedding infection control principles into spatial
design, clinics can reduce reliance on individual
behaviors and enhance systemic safety..

Model Proposition: Functional Zoning Diagram

Based on both qualitative insights and quantitative
analysis, a functional zoning diagram is proposed,
which includes:

o Reception Area (Low-risk): Equipped with
digital check-in, temperature scanners, and spaced
seating.

o PPE Rooms (Buffer Zone): Located adjacent to
clinical spaces, allowing staff to don and doff protective
equipment.

o Treatment Rooms (High-risk): Designed with
adequate ventilation, possibly equipped with localized
air filtration.

o Sterilization Zone: Physically separated, with
one-way flow from used instruments to sterile storage.

o Waiting Room: Organized with partitioned
seating and surface disinfection protocols.

This model serves as a blueprint for both new
clinic designs and retrofitting existing structures.

Policy Recommendations
To ensure safer dental care environments in Iran
and similar contexts, the following recommendations
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are proposed:

« Standardization: Develop national architectural
and infection control guidelines for dental clinics,
incorporating interdisciplinary input from architects,
dentists, and public health officials.

« Retrofitting and Renovation: Modify existing
clinics to include separation of clean and dirty zones,
and redesigned circulation routes.

o Training and Awareness: Educate dental staff
on spatial design’s role in infection control, including
simulation training on optimal movement paths.

« Further Research: Conduct multicenter studies
in other metropolitan regions to validate and refine
the proposed zoning model, with the goal of national
implementation.

CONCLUSION

This study highlights the critical intersection
between architecture and healthcare in the context
of infection control. The spatial configuration of
dental clinics — including how spaces are organized,
circulated, and furnished — plays a significant role in
determining the risk and prevention of cross-infection.

Our findings reveal that strategic spatial organization,
effective path segregation, clean-dirty zone distinction,
and the use of flexible furniture are not only architectural
choices but also public health imperatives. In the absence
of these design principles, infection control becomes
overly dependent on behavioral compliance, which may
vary under stress or in emergencies.

As such, this research lays the groundwork for
evidence-based architectural standards in dental care
environments in Iran. With institutional support
and interdisciplinary collaboration, these findings
can be translated into safer, more resilient clinical
infrastructures that protect both staff and patients —
during pandemics and in routine care.
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