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Featured Application: This scoping review emphasizes the environmental responsibility of
dental healthcare concerning dental solid waste. It calls for a collective effort to ensure that the
practices aimed at preserving health do not compromise the well-being of our planet and future
generations, avoiding the improper disposal and accumulation of dental waste.

Abstract: In the face of 21st-century environmental challenges, including climate change, migration
pressures, and waste disposal issues, certain healthcare sectors, notably dentistry, pose a significant
global environmental footprint with concerns about carbon emissions and waste production. This
scoping review delves into the paradox that healthcare, while dedicated to safeguarding health,
inadvertently contributes to environmental degradation through waste accumulation and disposal.
The analysis of relevant pertinent literature emphasizes the imperative for an environmentally
sustainable approach to dental waste measurement, disposal methods, and comprehensive
education for stakeholders. Aligned with the World Conference on Sustainable Development and
the United Nations' 2030 Agenda, the study adhered to PRISMA-ScR scoping review guidelines and
Institute of Medicine's recommendations. The study utilized Medline/PubMed and international
organization websites for data retrieval, employing Boolean operator queries in Medline. A
systematic literature analysis identified six cross-sectional studies (2004-2018) highlighting
variations in dental waste composition due to the lack of standardized identification methods. This
heterogeneity underscores the need for a proposed research model, emphasizing comprehensive
methodologies and healthcare staff training in waste management. The study advocates for
environmentally conscious dental practices, contributing to broader sustainable healthcare goals
through sharing of a research protocol for dental solid waste management.

Keywords: environmental impact; waste production; dental waste; carbon footprint; dental
services; sustainability; dental practice; research model

1. Introduction

Humanity confronts profound environmental challenges in the 21st century [1]. Climate change
manifests in rising ocean temperatures, land degradation, altered precipitation, sea level rise, ocean
acidification, extreme weather events, and biodiversity loss. Climate change, coupled with migration
pressures, waste accumulation and threats to food and health security, poses the most urgent
challenges to sustaining the planet [2]. Epidemiological studies estimate that climate change currently
may have an impact on more than 150,000 deaths worldwide per year and between 2030 and 2050
this number will rise to 250,000 additional deaths per year [3]. Examining the global healthcare
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system reveals that its environmental, social, and economic sustainability is questionable due to
significant carbon dioxide and waste production and disposal issues [4,5].

Sustainability on the other edge, entails human activities meeting present needs without
compromising the needs of future generations, achieving a balance between economic growth,
environmental care, and social well-being [6]. In dental clinical practice, sustainability involves
providing ethical, high-quality care using efficient materials, emitting low carbon dioxide and
producing less waste [7]. The three pillars of sustainability, social equity, economic sustainability,
and environmental preservation emerged from the 2005 World Conference on Sustainable
Development [8-10]. The 2030 Agenda for Sustainable Development, adopted in 2015, outlines 17
goals across social, economic, and environmental categories specifically identifying the problem of
waste accumulation and disposal [8-10].

Dental waste poses significant environmental challenges, with dental mercury, primarily from
dental amalgam waste, being a major contributor [8]. Regulations enforcing proper collection of
mercury-contaminated waste, especially from extracted teeth with amalgam fillings, are crucial to
prevent the release of harmful mercury vapor during combustion [8,9]. However, adherence to
hazardous waste collection rules varies worldwide [10,11]. Additionally, the systematic classification
of solid waste in dental practices reveals alarming figures, with infectious waste constituting more
than 90% [8]. The absence of waste management plans in surveyed clinics, coupled with dentists'
lapses in handling mercury-containing waste, and recycling in the dental office raises concerns about
effective healthcare waste disposal [11]. Public safety concerns heighten as dentists must navigate the
critical issue of dental waste, recognizing it as a pressing environmental concern especially with the
protocols arisen during and after covid-19 pandemic [10,11]. Urgent measures and comprehensive
waste management strategies are imperative to address these challenges effectively [12]. In this sense,
the World Dental Federation published a statement entitled "Sustainability in Dentistry” in 2017. This
document is based on the Sustainable Development Goals of the United Nations 2030 Agenda for
Sustainable Development that was developed in 2017 [13]. The goal is to lay the groundwork for
defining a greener and more sustainable dental clinical practice, emphasizing the use of new
equipment technology to reduce waste production and disposal among other issues.

A systematic review on dental solid waste is missing from the relevant literature. Thus, this
review aims to comprehensively address the multifaceted challenges surrounding dental solid waste
(DSW) production and management of the last twenty-four years. Objectives include quantitatively
assessing DSW scale, investigating disposal challenges, and examining the environmental impact.
The review evaluates global adherence to hazardous waste collection rules in dental facilities,
analyzes the systematic classification of solid waste in dental practices, and explores any lapses in
handling mercury-containing waste. Additionally, it examines the post-pandemic impact on dental
waste management and critically evaluates research methodologies in existing studies. The
overarching goal is to provide nuanced insights and recommendations for advancing sustainable
practices through waste management within dental clinical settings by systematically evaluating
existing data and proposing a future research model on the issue.

2. Materials and Methods

For this study we addressed the design and implementation of a scoping review. All
publications from 2000 to November 2023 reporting on waste management in dental practices and
dental laboratories, as well as the ecological footprint of dentistry, were included in the study. To be
considered for inclusion in the study sample, publications could not be narrative reviews, systematic
reviews, letters to the editor, or editorials. Any study that did not explain the process for collecting,
separating, and analyzing dental waste, lacked an abstract or use other than the English language,
was further excluded. In Table S1, and S2, the papers that were excluded and their reasons for
exclusion are summarized.

The Preferred Reporting Items for PRISMA-ScR scoping review statement [14] and the Institute
of Medicine's guidelines [15] were followed in this study. The electronic database of
Medline/PubMed was consulted for this study. It was consulted the websites of international
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organizations such as the Health and Social Care Information Centre, the United Nations Framework
Convention on Climate Change, the American Society for Testing and Materials, the World Dental
Federation, the World Economic Forum, and Public Health England accessed by 18 November 2023.

Using queries with Boolean operators as keywords for titles and abstracts, an electronic search
was performed in Medline (via PubMed). Specifically, we used the following search query: ("dental
laboratoires") OR ("dental practice”) OR ("dentistry") AND ("sustainab*') OR ("green dentistry"))
AND (("waste management"”) OR ("carbon footprint") OR ("green dentistry”) OR ("dental solid
waste") OR ("carbon emissions"). The references of each paper were reviewed, and conference
abstracts were searched as well. 1 November 2023 was the last search date. Papers that had already
been published at the time of the search were only included in the analysis.

Overall, 13 cross-sectional studies published through November 2023 were assessed for
eligibility but only 6 full text articles were included in the final analysis. In 7 of the excluded studies,
dental waste was measured and separated by weight/day or grams/day, rather than by the W/W%
ratio. Due to the variability of sampling days, dental structures involved, and lack of raw data in each
study, it was not feasible to group and compare the data on W/W% ratios. Considering the
heterogeneous nature of the w/w % ratio in these studies, exclusion was decided due to the number
of samples, the different units of measurement and the classification of waste. Based on the search
strategy, PRISMA-ScR Flow Chart [14] demonstrates the results (Figure 1).

c
3
s
§-
3 Records identified through database Additional records identified through
= searching other sources
pa— N =59 N=1
o Records after duplicates removed
E N =54
B
A
N
o 4
Records screened Records excluded
N =54 N =41
£
E;. Full-text articles assessed for Full-text articles excluded,
w eligibility with reasons
N=13 N=7
o
B
°
3
o
=3
=) b4

Studies included

N=6

Figure 1. Flow chart PRISMA of the study.


https://doi.org/10.20944/preprints202401.1851.v1

Preprints.org (Www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 January 2024 doi:10.20944/preprints202401.1851.v1

3. Results

3.1. Data Charting Process

Data collection protocols were designed based on forms with 12 variables for each study. Data
were obtained from the studies for the following variables: sampling year, study location, number of
overall samples, the sector of the health care facility (public, private), number of general dental
practice, number of dental clinics with specialties, number of laboratories, amount of infectious and
potentially infectious waste, amount of toxic/chemicals/ pharmaceuticals waste, amount of domestic
type waste, total dental hazardous waste, total dental solid waste. The selected studies were
examined independently.

3.2. Data Items and Synthesis of the Results

Data were collected for each trial as follows: 1) Main author, year of publication and study
location, 2) Period of study, 3) Objective/Aim, 4) Details of methodology, 5) Details of primary and
secondary outcome, 6) Funding sources, 7) Critical appraisal of individual sources of evidence, 8)
Included cross sectional studies using Critical Appraisal Tool were assessed for current scoping

review [55]. Data from the included cross-sectional studies are presented in a narrative format in
Table 1.

Table 1. Main characteristics of the studies included in the review.

Main author Period of

(Year) Study stud Sector Objective Methodology Results Funding
location y
In Xanthi
Grrelecznsoi,i d During the study, dental
wa;te laboratories (DLSW)
Analysis of ... generated 0.059 g of solid
. composition . .
solid waste and waste per capita daily (22
Komilis DP. composition production g per capita annua.ll'y).
. and The waste composition .
2009 2002  Private . rates from No reporting
production was 74% household-type,
Greece [56] . four dental . .
rates in laboratories 26% infectious, and less
dental . than 0.5% toxic. DLSW
. were studied .
laboratories. over a two constituted around
0.007% of Xanthi's
month . .
. municipal solid waste.
period.
Average daily waste
Study on production rates v.ve.re
2125.3 grams for clinics,
healthcare
498.3 grams for dental
waste  Two random .
o\ offices, and 374.9 grams
) composition,samples were for phvsician's offices
Koolivand production selected from Phys! . '
A rate,and 90 centers Domestic and highly
: 2010 Private ’ _ " infectious waste had the No funding
2012 management with one .
D highest percentages,
Iran [57] practices in sample each while chemical

Bandar in summer
Abbas, and winter.
southern
Iran.

pharmaceutical, and
sharps waste had the
lowest. The survey
revealed shortcomings in
waste minimization,
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separation, reuse, and
recycling practices in
healthcare centers,
particularly in managing
sharps, potentially
infectious, and other
hazardous waste.
Dental offices generate
41,947 43 kg of annual

T ty-eight
Wenyels waste, comprising 71.15

dental clinics .
tons of domestic waste,

Analysis of were 21.40 tons of potentiall
y randomly P Y
dental solid infectious waste, and 7.26
; waste selected, tons of chemical and
Nabizadeh . ... _ including ten . Department of
R Private composition eneral pharmaceutical waste, Environmental
) - & and §entists with toxic waste at 0.18%. Health
2012 Public production . / The majority (80%) . .
P eight ) Engineering
Iran [58] rates in specialists includes gypsum, latex
Hamadan, ﬁ\i o gloves, nylon, dental
practical . . .
Iran. ' impression material, used
dentists, and L.
. medicine ampoules,
five denture . .
makers saliva-contaminated
" paper towels, and saliva
ejectors.
The dental solid waste
was categorized into
domestic type (11.7%),
potentially infectious
(80.3%), chemical and
pharmaceutical (6.3%),
and toxic (1.7%). Daily
generation rates per
Measured the patient for total,
composition domestic-type, potentially
Evaluation and infectious, chemical and
. . . Health
of the generation pharmaceutical, and toxic Research
Bazrafshan Private hazardous rate of dental wastes were 169.9, 8.6, Deputv of
E. April and solid wastein ~ 153.3,11.2, and 3.3 Zaﬁezn
2014 2011-2012 Public infectious 123 private  g/patient, respectively. University of
Iran [59] status of and 36 public The daily generation rates Medical
dental solid dental clinics for total, domestic-type, Sciences

waste.  inthe Sistan  potentially infectious,
and chemical and
Baluchestan pharmaceutical, and toxic
wastes were 194.5, 22.6,
156.1,12.3, and 3.4
kilograms. The study

recommends

Province.

implementing source

reduction, separation,
reuse, and recycling

programs for effective
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dental waste
management,
emphasizing separate
collection and disposal for
each type in accordance
with relevant criteria.
Dental clinics are the

From June to .
main sources of
September biohazardous and
2016, 21

dental offices
in Qaem Shar

potentially infectious
wastes. Critical need for

Assessment were proper management and
of the safe disposal of biohazard
s randomly .
composition chosen as wastes to protect public
Majlesi M June to and samplin health and the Shahid Bheshti
. production P8 environment. Absence of University of
2016 IranSeptember Public ., sites.These . .. . . .
rate of solid . initiatives in these clinics Medical
[60] 2016 offices were . .
waste sampled for waste reduction,  Sciences
generated by p. segregation, and
three times .
dental recycling. Urgency of
. each week . . .
offices. (on Sunda implementing practices
Monda ar};l for reducing waste,
Tues dZI) at promoting recycling, and
the end (}),f the enhancing overall
da management of dental
y: solid waste.
Dental solid waste (DSW)
consisted of 92%
Evaluation Over a four- hazardous waste and 8%
of the week period, domestic waste. The
. dental hazardous waste unit
composition .. .
. and practices in production rate averaged
Mandalidis 22 April Private production Xanthi, 48.7 + 1.3 g/patient/day.
A. P p . Greece DSW production rates )
to5July & rate of solid No reporting
2018 2013 Public waste collected, were 53.3 +1.4
Greece [61] generated by manually g/patlen.t/day and 381' +15
dental separated, g/practice/day. Multiple

facilities in
dental solid
Greece.

waste (DSW).

and weighed measurements, including

bulk density, calorific
value, moisture, ash, and
volatile solids, were
recorded.

An analysis of qualitative data was conducted on 6 cross-sectional studies out of 13 potentially
eligible studies. Of the 6 included studies, 4 were conducted in Iran and 2 in Greece. The descriptive
tables of the results of cross-sectional studies were created using StataCorp software. Stata: Release

13 (Table 2).
Table 2. Descriptive tables of the results of cross-sectional studies.
Location Freq. Percent Cum.
Iran 4 66.67 66.67
Greece 2 33.33 100.00

doi:10.20944/preprints202401.1851.v1
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Total 6 100.00 -
Sector Freq. Percent Cum.
Private sector 2 33.33 33.33
Public sector 1 16.67 50.00
Both 3 50.00 100.00
Total 6 100.00 -
Funding Freq. Percent Cum.
NO 1 16.67 16.67
YES 3 50.00 66.67
NO REPORTING 2 33.33 100.00
Total 6 100.00 -

All studies used longitudinal designs as continuous or repeated measures to follow the rate of
generation of dental waste over prolonged periods of time. Sampling days range from 3 to 26. In 3
studies, samples were collected between 31 May and 5 July 2002, 22 April and 5 July 2013 and June
to September 2016 respectively. Another 2 studies collected samples for 1 year (April 2011-2012) twice
monthly and 4 samples in each season of 2010, respectively. According to one study, samples were
taken at a time interval that was not specified. It was calculated that 63, 84, 104, 120, 400, 3816 samples
were taken in total respectively in each study. The number of dental care-related structures
participating in each survey was 38, 4, 21, 30, 20, 159, respectively too. Nabizadeh et al (2012) collected
their data from 28 dental practices in the public sector and 10 dental laboratories [58]. It is important
to note that 10 of the 28 dental clinics were involved in general dentistry and 8 were involved in
dental specialties. A study was conducted by Komilis, et al. (2009) utilized samples from 4 dental
laboratories to compile their study [56]. Koolivand et al. (2012) analyzed waste generation in 30
general and private dental practices [57]. Mandalidis et al. (2019) conducted their investigation into
19 private and 1 public general dentistry practices, while Bazrafshan et al. (2014) included 123 private
and 36 public dental practices in their study [59,61]. Finally, Majlesi et al. collected data from 21
general dentistry practices in the public sector [60]. The included research studies aimed to analyze
the production rate and composition of dental solid waste. To accomplish this, they collected the
waste of the dental care centers under study within the time frame determined by each survey.
Following, qualified personnel followed safety and avoidance measures to divide the collected waste
into fractions. For each fraction, its composition was categorized into infectious and toxic,
toxic/chemicals/pharmaceuticals, and domestic.

3.3. Critical Appraisal within Sources of Evidence

Table 3 presents data on the critical appraisal of the sources of evidence included.

Table 3. Data on the critical appraisal of the source of evidence included.

N. PrivatPrivatPubli N. N. N. Infectiou Toxic/chemica Domest Total Total
overal e e ¢ generadenta laboratoir sand 1s/ ictype dental dent
. 1 sectorsectorsecto 1 1 es potential pharmaceutica hazardo al
Main . Study . .
Samplin . sampl -0, r dental clinic ly Is us waste solid
author locatio . . . .
(Year) publi practic s infectiou wast
c1, e speci s waste e
both- al
2
.. 31May 104 0 4 . . . 4 26 0.47 74 26.47 100
Komilis to 5 July Greece
2
009 [56] 2002
2 120 0 30 . 30 . . 485 10.7 40.9 59.2 100

Koolivan samples
d 2012 in Iran
[57] summer
and 2
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samples
in winter
2010
Nabizade 84 2 . 28 10 8 10 21.40 7.44 7115  28.84 100
h 2012 . Iran
[58]
For1 3816 2 123 36 . . . 80 8 11.7 88 100
year
Bazrafsha (April
n 2011- Iran
2014[59] 2012)
twice
monthly
.. Juneto 63 1 . 21 21 . . 64.09 2.7 33.2 66.79 100
Majlesi Septemb Iran
2016 [60] or 2016
Mandalid l;ron?l 22 400 2 19 1 20 . . 88.5 3.5 8.0 92 100
is2018 P to Greece
61] 5 July
[ 2013
More information on the data derived from each study is presented in detail in Table 4.
Table 4. Individual sources of evidence from studies included.
Study Exposure Objective, Strategies to Outcomes Appropr
subjects measure standard deal with  measured iate
Main Inclusi and the dina criteria used Confoundin confounding in avalid statistica
author c:iieliis;on setting valid and for g factors factors stated and reliable 1
(Year) describe reliable measuremenidentified way analysis
din way t of the
detail condition
Komilis YES YES UNCLEAR NOT YES YES
DP. 2009 YES NO APPLICABLE
[56]
Koolivand YES YES YES UNCLEAR NO NOT YES YES
2012 [57] APPLICABLE
Nabizadeh UNCLEA  YES YES UNCLEAR NO NOT YES YES
2012 [58] R APPLICABLE
Bazrafshan YES YES YES UNCLEAR NO NOT YES YES
2014 [59] APPLICABLE
Majlesi YES YES YES UNCLEAR NO NOT YES YES
2016 [60] APPLICABLE
Mandalidi YES YES UNCLEAR NOT YES YES
s 2018 YES NO APPLICABLE
[61]

Iran was the country with the largest number of included studies (n=4, 66%), followed by Greece
(n =2, 33%). Studies (n=3, 50%) collected their samples daily for a continuous period, whereas other
studies (n=2, 33%) collected their samples twice a month during the study year or one sample during
each season. There was no information about the specific period of sampling in one study (n=1, 16%).
A longitudinal cross-sectional design was chosen by all researchers (n=6, 100%).

Most research groups included in their studies (n=3, 50%) dental facilities in both the private and
public sectors, whereas studies (n=2, 33%) collected data only from private dental facilities. A study
(n=1, 16%) focused on dental practices in the public sector. In four studies (n=4, 66%), data were
collected from dental practices providing general dentistry, two studies (n=2, 33%) collected from
dental laboratories, and one study (n=1, 16%) collected from dental practices providing specialty
dentistry. In terms of study funding, one (n=1, 16%) study reported no funding, while two (n=2, 33%)
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studies did not provide information. It has been reported that three (n=3, 50%) studies received
funding, with three cases involving university resources. The mean number of days of sampling is
13. The sample size of one study (n=1, 16%) included general dentistry, dental laboratories, and
specialty dentistry. Each study's sample size varied. The calculated mean is 764.5 for the number of
overall samples. The variation of the values of the overall samples of dental solid waste is included
in the range of 764.5+ 3000 and is substantial as the min value 63 and max value 3816 are outliers.

The composition of dental solid waste was measured in weight/weight percent in all included
studies (n=6). Two studies (n=2, 33%) calculated 21,4% and 26% in the infectious and potentially
infectious waste category based on their sample, while 2 studies (n=2, 33%) calculated 80% and 88,5%
in the same category. In addition, 2 studies (n=2, 33%) figured intermediate values 48.5% and 64%. A
mean of 60,2 w/w% is found in the infectious and toxic categories of dental waste, though there are
several outliers. However, the results from studies in the category toxic/chemicals/pharmaceuticals
were not as widely varied. toxic/chemicals/pharmaceutical category has a mean of 5,4%, while the
variable distribution is 5,4+3,8 %. As a result of the outliers, the distribution of the domestic type of
dental waste is wide. According to the data, domestic dental waste has a mean of 39,8 w/w%.
Domestic waste and waste with a high potential for infection had the highest percentages in all
included studies, while toxic and chemical, pharmaceutical waste had the lowest (Table 5).

Table 5. Dental solid waste measurements in the studies included.

Variable Obs Mean SD Min Max
N. overall samples 6 764.5 1500.089 63 3816
N. of general dental practices 4 20.25 8.180261 10 30
Infectious type of waste 6 54.74833 27.71898 21.4 88.5
Toxic type of waste 6 5.468333 3.851973 47 10.7
Domestic type of waste 6 39.825 28.27748 8 74
Days of sampling 6 13.33333 11.12954 3 26

4. Limitations of the Studies Included

Due to the lack of a representative sample in the design of the descriptive studies included in
this review, the results cannot be generalized and there is no external validity of their findings. Aside
from Nabizadeh et al. (2012) and Bazrafshan et al. (2014), none of the other studies mentions the
criteria for selecting dental structures or the method for calculating samples [58,59]. Nabizadeh et al.
(2012), however, do not indicate when the survey was conducted [58]. Also, it is unclear from
Bazrafshan et al. (2014) and Mandalidis et al. (2018) whether the dental clinics selected deal with
general dentistry or specializations [59,61]. In addition, all the included studies do not provide any
information on the general characteristics of the participating dentists, such as their gender, age, and
educational background. Further, the number of dental patients visiting the dental units included in
the studies daily as well as the types and/or frequency of dental work performed are not provided in
the studies. Moreover, no study provides information on the number of dental units in each dental
facility. Additionally, it has not been investigated whether the characteristics of the study population
have a confounding effect on the composition of dental solid waste collected from the sample in any
of the studies. The samples in studies of Komilis (2009), Majlesi et al. (2016) and Mandalidis et al.
(2018) were collected consecutively over a specific period of time [56,60,61]. It may, however, affect
patients' natural flow of dental work, the frequency of their dental visits, and the workflow of dental
unit employees during certain times of the year. But neither of the above-mentioned studies
discussed the criteria for selecting the sampling interval.

Overall, the most significant limitation of the current studies lies in the lack of a representative
sample, limiting the generalizability of the findings to the broader population. Furthermore, the
criteria for selecting dental structures, the method for calculating samples, and essential information
about participating dentists' characteristics were often undisclosed or inadequately addressed [56—

doi:10.20944/preprints202401.1851.v1
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61]. This limitation necessitates the inclusion of a more diverse and representative sample in future
studies to enhance external validity.

5. Proposed Research Model

Considering the difficulties of conducting a dental solid waste collection study, as our data
suggest, this scoping review proposes a cross-sectional study design, as described in all included
studies. For the purpose of selecting dental practices, it is necessary that they reflect the characteristics
of each dental community in the city in which the study will take place. The relevant dental
association should be consulted before selecting dental practices that will participate in the study to
determine the percentage of general and specialized dentists, the number of working dentists, the
level of university education, and general characteristics, such as gender and age. Based on these
findings, a determination should be made as to how many dentists with specialties and generalists
are required for the study to have external validity. Then, it would be preferable if the sampling
intervals were established throughout the dental clinic's opening hours and days with normal patient
flow. Subscequently, the classification of the waste samples should then be well defined and waste
samples should be seperated into categories. It is imperative that trained staff should segregate waste
and that there should be a discrepancy check among the staff members. Overall, there should also be
detailed descriptions of the separation method as well as a standardized approach for all participants.
Further, precision should be maintained in the use of equipment, such as scales. Finally, to analyze
and evaluate the results, it is necessary to consider confounding factors, such as the dentist's age or
university education level. We suggest stratifying the findings based on race, age, dental specialty,
and level of university education. The model is presented in Table 6.

Table 6. Recommendations for future studies’'methodological aspects.

Aspect Recommendation
A cross-sectional study with a sampling strategy reflecting the
Study design and sampling  characteristics of each dental community. Collaboration with
dental associations for representative samples.
Establishment of clear definitions and classification criteria for

Waste categorization and infectious waste, toxic/chemicals/pharmaceuticals, and domestic
identification waste. Implementation of a meticulous waste categorization
system.

Use of a standardized approach to waste separation and
Methodological standardization measurement. Clear definition of methodological details,
including equipment calibration and measurement precision
Stratification of findings based on potential con-founding factors
such as age, gender, and educational background of dentists for a
nuanced analysis
Inclusion of training and awareness programs for dental

Consideration of confounding
factors

Training and awareness . . e .
practitioners focusmg on waste minimization, separation, reuse,

programs and recycling practices.
Integration of a comprehensive environmental impact
Environmental impact assessment, including the evaluation of the carbon footprint of
assessment dental services in conjunction with waste production and

exploration of sustainable practices
Exploration of the effectiveness of patient education initiatives to
. e engage patients in understanding the environmental impact of
Patient education initiatives . . .
dental practices and waste production and encourage sustainable
behaviors.
Longitudinal studies for Conduction of longitudinal studies extending over several years

temporal trends to capture temporal trends and variations in waste generation.
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6. Discussion

The exploration of dental solid waste (DSW) has gathered considerable attention in recent years,
reflecting the growing significance of sustainability in healthcare practices. In our scoping review, we
delved into six pertinent studies to comprehensively understand the methodology and findings
associated with DSW [57-61].

Notably, data on DSW composition exhibited considerable variability among the studies,
particularly in categories such as toxics/chemicals/pharmaceuticals, infectious waste, and domestic
waste. The observed heterogeneity in data could be attributed to the absence of a standardized
method for identifying and categorizing DSW among researchers and participating dentists thus
although we used a systematic review approach the present review is considered as a scoping one.
This lack of consistency is also described in the relevant literature in other healthcare domains.
Considering the methodological deficiencies of published studies as well as the heterogeneity of
literature regarding other healthcare domains, such as medical waste and pharmaceutical waste, it is
imperative that particular guidelines and regulations be developed for the management of medical
waste, as well as technologies, knowledge, and financing to upgrade medical waste management in
the world today [62,63].

Despite differences in the methodology, a similar w/w% composition below 10% was found
across the 6 included studies in the category of toxics/chemicals/pharmaceuticals. The results of the
studies in the categories of infectious waste and potentially infectious waste as well as domestic type
waste appeared to be unevenly distributed at the extremes of the range, i.e., 20% and 80%. According
to the study conducted by Kizlary et al. (2005) which was excluded due to non-measurement of waste
composition in w/w percentage scale, a total of 11.168 kilograms of infectious and potentially
infectious waste were produced each day, whereas only 387 kilograms were produced by domestic
waste [19]. Conversely, Vieira et al., (2009) which was excluded from our analysis too due to using
different classification of medical waste, reported that 24.3%, 48.1%, and 27.6% of waste were non-
infectious, infectious, and domestic waste, respectively [25]. Mandalidis' data et al. (2019) indicate
that in terms of hazardous waste, unit production rate was 48.7x1.3g/patient/day (mean and standard
error) [61]. Thus according to their evaluation, the DSW production rates were 53.3 x 1.4 g/patient/d
and 381 x 15 g/practice/d [61] which is a considerable amount of waste to discuss upon.

This heterogeneity of the extracted data from relevant studies discussing the issue, is due to
the absence of a repeatable method of identifying dental solid waste among researchers or dentists
participating in each study. The difficulty of properly managing wastes is primarily related to
separate infectious and potentially infectious waste types. The study by Koolivand et al (2012)
concluded that healthcare centers lack effective practices on waste minimization, separation, reuse,
and recycling as well as inadequate practices on disposing of sharps, potentially infectious waste,
and other hazardous waste [57]. Thus it seems necessary to evolve educational strategies concerning
waste seperation issues. As health care workers, dentists and dental auxilliary staff should learn to
assess the hazardous and infectious status of dental solid waste, by understanding its possible role
in cross-infection and follow specific protocols for waste acumulation and disposal.

According to WHO standards, waste types cover a wide range of materials, including infectious
wastes, pathological wastes, sharps wastes, chemical wastes, pharmaceutical wastes, cytotoxic
wastes, radioactive wastes, and non-hazardous/general wastes. In accordance with WHO and CE
regulations, all healthcare facilities are required to dispose of waste appropriately [2,29,64,65] to
diminish the carbon footprint. Studying the carbon footprint in NHS, seventeen dental procedures
were identified, emitting 1798.9 tonnes of CO2 equivalent annually. Travel was the largest
contributor (45.1%), followed by procurement (35.9%) and building energy (18.3%). Waste disposal
accounted for 0.22% of NHS dental services' overall carbon footprint, with 90.3% of emissions derived
from domestic waste [5,66]. To achieve the goal of reduced carbon footprint, dental care facilities
should curently develop a formal waste management plan. As part of this plan, everyone involved
in the generation, handling, and treatment of waste should have access to combined knowledge and
decision making. Aside from training and familiarizing dentists and dental staff with the proper
disposal of dental waste, raising patient awareness is also an essential step in this direction. By
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educating patients about the green dental economy and reducing the environmental footprint,
dentistry will be able to achieve the fulfillment of sustainability criteria in health care [11,42]. This
holistic approach ensures that all stakeholders contribute to minimizing the environmental impact of
dental services through less waste and appropriate disposal of it.

Conclusions

Dental solid waste composition and generation rate cannot be determined from the available
extracted data due to a lack of evidence and heterogeneity, thus a new research protocol should be
followed in future studies. For valid conclusions to be drawn, descriptive studies involving a
sufficient number of general, or specialist dental care dentists should be conducted. This scoping
review revealed, however, that health care staff and dentistry practitioners could benefit from
training on the effective handling of dental waste. By following this approach, it becomes achievable
to guarantee that care is delivered while prioritizing environmental considerations.
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