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Adoption of minimally invasive dentistry s
in Palestine: assessing practices and barriers -

a cross-sectional study

Naji Arandi'” and Tarek Rabi?

Abstract

Aims This study explored the diagnostic and treatment practices of Palestinian general dentists related to minimally
invasive dentistry (MID) and identified perceived barriers to its broader application.

Materials and methods A cross-sectional online survey collected data from general dentists on demographics, MID-
related practices, and barriers. Descriptive and inferential statistics were used to evaluate current practices and their
associations with dentist demographics and professional characteristics.

Results A substantial proportion of dentists applied MID-related principles. Preventive, nonoperative approaches are
slightly more common for occlusal lesions and more clearly favored for approximal lesions. Approximately two-thirds
adopted conservative cavity designs such as vertical slots or saucer-shaped preparations, whereas approximately half
preferred selective removal for deep caries. Most dentists opted to repair rather than replace defective restorations.
Clinical experience had a stronger influence on these practices than gender or workplace setting did, and the main
barriers included limited training, restricted access to modern materials and technologies, and low patient awareness.

Conclusion Palestinian dentists demonstrated variability in the application of MID-related practices, with greater use
reported among more experienced practitioners and those in private practice. Addressing educational, infrastructural
and cultural barriers could support broader integration of evidence-based, minimally invasive approaches into routine
care. These findings set the foundation for developing national policies, curricular reform, and continuing education,
underscoring their importance in advancing evidence-based, minimally invasive care in Palestine.
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Introduction

Dental caries, a chronic, noncommunicable disease,
results from the demineralization of dental tissues result-
ing from bacterial metabolism [1]. It affects billions of
people worldwide, leading to pain, tooth loss, and sub-
stantial treatment costs, while also reducing quality of
life [2-6]. As a major public health challenge, innovative
prevention and management strategies are needed to
address its individual and societal impacts [6-8].

In Palestine, dental caries are highly prevalent, par-
ticularly among children and adolescents. The decayed,
missing, and filled teeth (DMFT) index measures caries
experience in permanent teeth, whereas the dmft index
applies to primary teeth. Higher scores on these indices
reflect a greater burden of untreated or previously treated
caries, indicating increased caries risk and severity. For
example, a 2014 study in northern Palestine reported that
54.35% of adolescents aged 12—15 years had dental car-
ies, with a mean DMFT score of 5.39, suggesting a mod-
erate to high caries burden [9]. In the same year, another
study reported that 76% of preschoolers aged 4-5 years
had caries, with a mean dmft score of 2.46, indicating sig-
nificant caries in primary teeth [10]. Similarly, research
involving children aged 4—18 years in Nablus, Qalgiliyah,
and Salfeit reported a caries prevalence of 95.5%, with
mean dmft and DMFT scores of 3.88 and 3.44, respec-
tively [4]. More recent data from Jerusalem highlight the
severity of the issue, revealing that 97% of preschoolers
had caries, with a mean dmft score of 6.6 [11]. These
consistently high DMFT and dmft scores underscore the
urgent need for effective caries prevention and manage-
ment strategies—such as MID—in Palestine. This need is
amplified by challenges unique to the Palestinian health-
care context, including limited resources, fragmented
infrastructure, and disparities in access across regions
such as the West Bank, Gaza, and East Jerusalem. These
structural constraints likely impact the implementation
of contemporary approaches such as MID and warrant
closer examination of how dentists practice under such
conditions.

Traditionally, caries treatment follows a surgical
model, emphasizing cavity preparation and restoration
to address symptoms, often involving extensive removal
of enamel, dentin, and proximity to the pulp, without
managing the underlying disease [12]. Today, the medical
model prevails, recognizing caries as a biofilm-mediated
condition driven by dietary factors and an imbalance
between demineralization and remineralization [12]. This
shift has spurred MID, which prioritizes tooth preserva-
tion through early detection, personalized risk assess-
ments, remineralization therapies, and selective carious
tissue removal to preserve dentin and pulp vitality [13—
18]. For advanced caries with cavitation, MID employs
conservative restorative approaches using bioactive
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materials, such as glass ionomer cement, to promote
dentin remineralization and minimize pulpal risk, inte-
grating medical and surgical strategies for comprehen-
sive, patient-centered care [12, 15].

The global integration of MID reflects substantial
variation between and within countries. In high-income
settings such as the UK, Netherlands, and Australia, con-
servative, evidence-based approaches are increasingly
emphasized, supported by clinical guidelines, continuing
education, and favorable reimbursement structures [19—
22]. In contrast, many low- and middle-income coun-
tries—including Brazil, Egypt, Russia, Jordan, Syria, and
Saudi Arabia—continue to rely on traditional, surgically
oriented methods owing to limitations in training, infra-
structure, and resources [23—-29]. These variations and
challenges may also be relevant in Palestine, although no
national-level data currently exist to assess how MID-
related practices are applied by general dental practi-
tioners—an evidence gap this study seeks to address.
Understanding this gap is essential for informing targeted
educational, institutional, and policy interventions that
align local practices with global standards.

Despite the global endorsement of MID as the con-
temporary standard of care, there remains limited
understanding of how its principles are applied by gen-
eral dentists in Palestine. While prior studies in the
region have examined caries prevalence and treatment
outcomes, there is a notable absence of national-level
research investigating dentists’ clinical decision-making,
use of MID-related techniques, and perceived barriers to
their implementation. No national-level data currently
exist on how Palestinian dentists diagnose, manage, or
approach carious lesions within the framework of MID.
This significant gap in the literature highlights the need
for research that explores both the application of MID
principles and the systemic challenges faced by practitio-
ners operating in a resource-constrained context.

In Palestine, this research is timely given the high
prevalence of caries, limited opportunities for continu-
ing professional development in MID, and the absence
of national clinical guidelines—factors that leave prac-
titioners reliant on outdated protocols and underscore
the need for national-level evidence to guide education,
training, and policy.

This exploratory study addresses this gap by investigat-
ing how Palestinian dentists incorporate key MID prin-
ciples into their daily practice, with a focus on current
clinical decisions and perceived barriers. Specifically, it
asks the following questions: What are the clinical prac-
tices related to MID, and what barriers do dentists in Pal-
estine face in implementing them? Unlike prior studies
focused on specific regions or subgroups, this national-
level survey captures a broader range of perspectives
across both the private and public sectors. The findings
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aim to inform curriculum reform, continuing education,
and policy strategies that support the wider integration
of evidence-based, minimally invasive approaches in
everyday dental practice.

This study is guided by Rogers’ diffusion of innova-
tion (DOI) theory, which explains the integration of new
practices through perceived relative advantage, compat-
ibility, complexity, trialability, and observability, as well
as broader social and systemic influences [30]. In the
context of MID, uptake depends on whether dentists
recognize clear benefits, view complexity as manage-
able through training, perceive opportunities for trial
techniques, and observe visible success among peers. In
Palestine, factors such as limited resources, entrenched
surgical traditions, and uneven access to education may
shape these perceptions. Framing the study within DOI
provides a conceptual basis for examining barriers to
the implementation of MID and identifying strategies to
accelerate its wider integration into practice.

Materials and methods

Study design and variables

This cross-sectional survey was designed to evaluate the
diagnostic and treatment practices of Palestinian general
dental practitioners in relation to MID and to assess per-
ceived barriers to their implementation. The independent
variables included demographic factors such as gender
and years of clinical experience and were categorized into
four groups (<5 years, 6-9 years, 10—15 years, and >16
years) to reflect distinct career stages. The practice set-
ting was classified as private practice versus public clinic.
These variables were selected on the basis of their poten-
tial to influence clinical practices, as supported by exist-
ing research. Additionally, we investigated barriers to
MID to better understand the challenges faced by prac-
titioners in implementing minimally invasive approaches.

Study setting, recruitment, and data collection

This cross-sectional study was conducted in Palestine
from May to December 2023 and was carried out in
accordance with the STROBE [31] and CHERRIES guide-
lines [32]. Given their exploratory nature, participants
were recruited via a convenience sampling approach,
with initial contact made online through invitations
distributed across professional social media platforms
(Facebook and WhatsApp) and through personalized
messages sent via personal networks (e.g., email or mes-
saging) to ensure broad representation across all regions
of Palestine and practice types. To enhance represen-
tativeness, a snowball sampling technique encouraged
participants to share the survey with colleagues and
friends. Hosted on Google Forms, the web-based ques-
tionnaire allowed participants to submit responses elec-
tronically, with access restricted to invited individuals
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via a nonpublic survey link; data collection was fully
automated, as Google Forms directly recorded responses
into a secure database, reducing the risk of transcrip-
tion errors and ensuring data integrity. No incentives
were offered; participation was voluntary and motivated
by professional interest. The survey’s introductory page
informed participants that the 12 closed-ended questions
would take approximately 10—-15 min to complete. Only
fully completed questionnaires were eligible for inclu-
sion; responses with any missing answers were excluded
from the analysis.

The target sample size was calculated via Raosoft soft-
ware on the basis of an estimated population of 4,000
dentists in Palestine, a 5% margin of error, a 95% confi-
dence level, and a 50% assumed response distribution,
yielding a required sample of 350 to achieve a sample
size sufficient for representativeness of the national
dentist population while acknowledging that the conve-
nience sampling approach limits full representativeness.
To account for nonresponses, 700 general dentists were
invited. The inclusion and exclusion criteria were as fol-
lows: general dentists currently practicing in Palestine
were included, while specialists in conservative or restor-
ative dentistry and dental students were excluded, as the
study focused on the routine clinical practices of general
practitioners.

Survey development and testing

This study employed a structured, standardized online
questionnaire developed through a multistep process to
ensure content validity, clarity, and technical function-
ality. The questionnaire was designed on the basis of a
comprehensive literature review and refined to address
the study’s objectives effectively [23, 27, 28]. Two experts
in MID and dental public health reviewed the initial
draft and assessed its relevance, comprehensiveness,
and alignment with the study’s goals. Their insights were
instrumental in refining the questionnaire, particularly
in enhancing clarity and reducing measurement biases.
A subsequent pilot study with 20 general dentists, rep-
resenting diverse experience levels and practice settings,
evaluated question clarity, navigation ease, and online
performance. Pilot testing feedback prompted minor
adjustments to ensure that the survey effectively cap-
tured the intended data. As dental education in Palestine
is conducted primarily in English and all licensed dentists
are trained via English-language curricula, no translation
of the questionnaire was needed. Barriers to implement-
ing MID were assessed with a single close-ended ques-
tion asking participants to select the main barrier they
perceived in their clinical practice from a predefined
list of options. The barriers were therefore measured as
categorical variables, without ranking or multiple selec-
tions. This forced-choice design was used to capture the
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primary barrier perceived by each respondent, reduce
overlap between categories, minimize respondent bur-
den, and enable straightforward categorical analysis.

The survey comprises 12 questions and is divided into
three sections: (1) demographic and professional char-
acteristics (Questions 1-3), (2) diagnostic and treatment
approaches (Questions 4-11), and (3) perceived barri-
ers to implementing MID (Question 12), as detailed in
Appendix A. A structured questionnaire format with
predefined, closed-ended questions was used to ensure
systematic data collection, reduce interpretation bias,
and enhance comparability across respondents. To main-
tain respondent focus and reduce the cognitive load, each
question was presented on a separate page via Google
Forms. The participants could navigate between pages
and revise their answers via the ‘Back’ button; however,
no final review summary was provided before submis-
sion. Adaptive questioning was not used—all participants
received the same 12 questions in a fixed order to ensure
consistency. The sequence—beginning with demograph-
ics, followed by diagnostic practices, treatment decisions,
and perceived barriers—was intentionally structured
to reflect the logical flow of clinical decision-making,
thereby enhancing comprehension.

The fixed-question order adopted in this study aligns
with established practices in dental survey research. For
example, Shah et al. [33] used a structured questionnaire
to assess knowledge and attitudes toward MID among
general dental practitioners in Saudi Arabia. Similarly,
Al-Asmar et al. [28] investigated operative dentistry prac-
tices in Jordan via a structured survey format, whereas
Stangvaltaite et al. [34] applied a structured question-
naire in a multinational study across France, Germany,
and Norway to examine the management of pulp expo-
sures during carious tissue removal. In addition, this
design choice adheres to the CHERRIES guidelines [32],
which recommend a fixed question sequence when it
improves respondent comprehension and aligns with the
logical progression of clinical reasoning.

To address consistency calibration, the survey’s reli-
ability was assessed through test-retest analyses, meth-
ods that are consistent with established approaches in
dental research [23, 33, 35]. Forty general dentists com-
pleted the questionnaire twice, with a two-week interval
between sessions. Test—retest reliability was determined
via Pearson correlation coefficients and intraclass corre-
lation coefficients (ICCs). Three clinically relevant items
related to the MID exhibited excellent reliability: manag-
ing incipient enamel caries (Pearson r = 0.81, ICC = 0.81),
treating approximal enamel lesions identified radio-
graphically (Pearson r = 0.94, ICC = 0.94), and prioritiz-
ing patient complaints over the CRA (Pearson r = 0.94,
ICC = 0.94). The results confirm strong reliability and
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demonstrate the survey’s stability and precision in mea-
suring MID practices.

Ethics statement

Ethical approval for this study was obtained from the
Institutional Review Board (IRB) of Arab American Uni-
versity (Approval Number: J-2025/A/2/N), in accordance
with the ethical principles outlined in the Declaration
of Helsinki (1975), as revised in 2013. The data reported
here were part of a larger dataset collected for a broader
project assessing contemporary dental practice in Pal-
estine. Before accessing the questionnaire on Google
Forms, participants were presented with an introduc-
tory page describing the study’s purpose—to assess MID
adoption and barriers among Palestinian dentists—their
rights and the voluntary nature of participation. The
page included a consent statement: “By clicking ‘Pro-
ceed’ below, you confirm that you understand the study’s
aims, that participation is voluntary, and that you may
skip any question or withdraw at any time without conse-
quence.” Participants clicked “Proceed” to begin, thereby
providing informed consent. The introductory page also
identified the principal investigator and provided con-
tact information for inquiries. No identifying informa-
tion was collected; all the responses were anonymous.
Data were transmitted via secure Google Forms, stored
in encrypted files accessible only to the principal inves-
tigator, and managed in compliance with data privacy
regulations.

After submission, the responses were reviewed for
completeness, and early terminated or incomplete
surveys were excluded via the complete case analysis
approach, which balances data integrity with voluntary
participation. To prevent unauthorized access, all files
were stored on Google Drive, accessible only to the prin-
cipal investigator via password protection and two-factor
authentication, with encryption applied to ensure confi-
dentiality. These security measures were implemented
to reduce social desirability bias and encourage honest
responses without fear of judgment. The participants
were informed on the introductory page that these data
would be retained for 5 years after the study’s completion
for potential secondary analysis, after which they would
be permanently deleted.

Statistical analysis

Data analysis was performed via descriptive and infer-
ential statistics with a 95% confidence interval and a sig-
nificance level of p <0.05. All analyses were conducted via
IBM SPSS Statistics Version 28 (IBM Corp., Armonk, NY,
USA). Categorical variables—including gender, years of
clinical experience, and practice setting—were summa-
rized using frequencies and percentages.
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Associations between demographic characteristics and
categorical outcomes were evaluated via chi-square tests.
To assess the relationships between demographic fac-
tors and treatment preferences, binary logistic regression
was applied for dichotomous outcomes, and multinomial
logistic regression was used for outcomes with more than
two categories. Gender, experience, and workplace set-
ting were included as covariates in all regression models
to adjust for their known influence on clinical decision-
making. These methodological choices align with the
study’s cross-sectional design and exploratory objectives.

Logistic regression was chosen because of the nomi-
nal and dichotomous nature of the outcomes, with no
evident clustering to warrant mixed models or other
approaches. Regression assumptions were reviewed
to ensure appropriate model specification and conver-
gence. Only predictors meeting the significance thresh-
old of p<0.05 are highlighted in the main text, whereas
full model outputs (including nonsignificant findings) are
provided in Appendix B for transparency.

Given the use of convenience sampling via online plat-
forms and snowball recruitment, no specific analytical
adjustments (e.g., sample weighting or clustering adjust-
ments) were applied because of the absence of compre-
hensive demographic data for Palestinian dentists. The
analyses assumed a simple random sample. Missing data
were addressed via the complete case analysis approach,
where only fully completed surveys were included in
the final analysis. This approach was selected to main-
tain internal consistency and avoid imputation bias, as
the proportion of missing responses was minimal and
assumed to be random. Early terminated or partially
completed responses were excluded from the dataset.

Results

Participant demographics

Among the 700 practitioners invited, 390 responded
(55.7% response rate), but 40 incomplete submissions
were excluded, leaving 350 fully completed surveys
for analysis. Although the survey platform technically
allowed participants to skip questions, only fully com-
pleted questionnaires were retained to ensure con-
sistency and comparability across responses. The

Table 1 Demographic characteristics of respondents

Demographic Category Frequency (n) Percentage (%)
Gender Male 195 56%
Female 155 44%
Experience <5 years 77 22%
6-9 years 84 24%
10-15 years 87 25%
>16 years 102 29%
Workplace Setting  Private Practice 218 62%
Public Clinic 132 38%
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anonymous, online survey format precluded system-
atic tracking of nonparticipation reasons, leaving the
causes of incomplete responses unclear. Excluding these
responses ensured data quality; however, selection bias
may have been introduced if noncompleters differed
systematically from respondents. Given that incom-
plete submissions comprised only a small fraction (10%)
of responses, their exclusion is unlikely to meaningfully
alter the study’s overall findings.

The study utilized a single-stage online question-
naire, eliminating the need for follow-up data collection.
Table 1 summarizes the demographic characteristics
of the respondents. The final sample consisted of 56%
male participants (n=195) and 44% female participants
(n=155). In terms of professional experience, 22% of the
respondents had five years or less (n=77), 24% had 6-9
years (1 =84), 25% had 10-15 years (n=_87), and 29% had
16 or more years of experience (n=102). With respect to
the workplace setting, 62% of the participants (n=218)
worked in private practice, whereas 38% (n=132) were
employed in public clinics.

Clinical application of MID-related practices

Table 2 summarizes the respondents’ treatment prefer-
ences and diagnostic approaches. Only summary results
are presented here to increase readability. A detailed dis-
tribution of responses for all survey questions, stratified
by gender, years of experience, and practice setting, is
provided in Appendix C.

Diagnostic and risk assessment practices

When asked about their initial diagnostic focus, most
dentists prioritized the patient’s chief complaint over
performing a caries risk assessment (CRA). A marginal
gender difference was observed, with female dentists
being more likely to report using CRAs, although this dif-
ference did not reach statistical significance (p=0.065).
No notable differences were found across experience lev-
els or workplace settings.

Visual-tactile examination, with or without radio-
graphs, was the most common diagnostic method. The
use of newer technologies (e.g., fluorescence or transil-
lumination) was limited overall but significantly more
common among dentists with over 16 years of experience
and those in private practice (p<0.05). Experience also
significantly influenced reliance on radiographic meth-
ods, with early-career practitioners (<5 years) and those
with > 16 years of experience being more likely than mid-
career dentists to prefer this approach (p=0.016).

Management of noncavitated carious lesions

For incipient enamel lesions, preventive, nonoperative
approaches predominated, with an even stronger pref-
erence for approximal enamel lesions. No significant
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Table 2 Overall MID responses Table 3 Perceived barriers to MID implementation
Question Response Total Question Response Count %
(%) What do Lack of patient awareness or demand for 32 9.1
Do you focus on the patient’s Focus on chief complaint 192 you feelis  minimally invasive techniques
chief complaint or perform a (55%) the main Limited training or knowledge in MID, 93 26.6
caries risk assessment? Do a caries risk assessment 158 barriersto  including lack of access to continuing
(45%) adopt MID  education
What diagnostic tools do you Visual and tactile 87 (25%) in yogr High cost of materials and equipment 67 19.1
routinely use to detect carious  examination practice? Time constraints in clinical practice 17 49
lesions in your practice? Visual-tactile and radio- 105 Uncertainty about long-term outcomes 22 63
graphic examination (30%) of minimally invasive treatments
Caries-Detector dyes 35 (10%) Insufficient reimbursement from insur- 11 3.1
Dental explorers 17 (5%) ance or financial incentives
Radiographic examination 70 (20%) Lack of availability or access to appropri- 56 16
Recent diagnostic tools 36 (10%) ate technology and tools
What is your usual treatment Preventive, nonoperative 193 Cultural or traditional preferences for 44 126
approach for managing an (noninvasive or microinva-  (55%) more conventional methods
incipient carious lesion confined  sive) therapies Concerns about the effectiveness of mini- 5 14
to enamel, with no radiographic - Operative intervention 157 mally invasive techniques in certain cases
evidence of progression? (45%) Lack of support from colleagues or the 3 09
What is your usual approach for  Preventive, nonoperative 214 broader dental community
managing approximal carious (noninvasive or microinva-  (61%)
lesions confined to enamel, sive) therapies Approaches to cavity design and caries removal
based on radiographic findings - Operative intervention 136 For deep caries management, half of the respondents pre-
and with no visible signs of (39%) ferred the selective removal of soft dentin. The rest were
dentinal involvement? :
What preparation technique do  Conventional class Il cavity 107 split between complete excavation and stepwise removal,
you ‘[ypicaHy use for managing preparation (31%) Wlth no Signiﬁcant Subgroup differences‘
proximal lesions in your clinical  Vertical slot or saucer- 231
practice? shaped preparations (66%) Management of defective restorations
Tunnel preparation 12 3%) In the context of defective restorations, most dentists
What is your typical approach  Remove Soft and Hard 105 prefer repair over replacement, including in cases involv-
for managing deep cavities? Dentin (30%) ing marginal staining or minor asymptomatic defects. No
RDeer:tCi):e Only Soft Infected (]5705%) significant associations with gender, experience, or work-
_ , place setting were detected.
Stepwise caries removal 70 (20%)
What is your typical approach Repair 245
when myamagiﬁz defezfive P (70%) Perceived barriers to MID
restorations with localized de-  Replace 105 As shown in Table 3, dentists were asked to select a sin-
fects—do you generally repair (30%) gle main barrier. The most frequently reported obstacle
or replace them? was limited training or knowledge in MID—often linked
What s your typical approach  Monitorand refurbishif 193 to insufficient access to continuing education. Resource-
for managing restorations with  needed (55%) op
. o ) related challenges, cultural or traditional preferences
marginal staining or minor de-  Replace them 157 P R 1 h 1 X
fects that are asymptomatic? 45%) or conventional methods, low patient awareness, and

demographic differences were found. Dentists who
favored operative management of occlusal lesions
were less likely to do so for approximal enamel lesions
(OR=0.68, p=0.087), suggesting a possible inclination
toward preventive strategies at less accessible sites.

When managing proximal caries, most respondents
favored conservative preparation techniques (verti-
cal slot or saucer-shaped designs), with only a minority
using traditional Class II or tunnel preparations. Treat-
ment preferences in this context were consistent across
all demographic variables.

uncertainty about outcomes were also noted, whereas
time constraints, lack of reimbursement, concerns about
effectiveness, and lack of professional support were less
common.

Associations between demographics and MID-related
practices

Multinomial logistic regression revealed no significant
influence of gender, experience, or workplace setting on
preferences for managing deep carious lesions or cav-
ity preparation techniques. In contrast, experience sig-
nificantly affects the choice of diagnostic tools. Dentists
with <5 years of experience were significantly more likely
to prefer radiographic examination than those with a
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combination of visual-tactile and radiographic methods
(OR=3.38, p=0.012). Those with >16 years of experi-
ence were significantly more likely to favor radiographic
examination (OR =2.51, p=0.033) and substantially more
likely to use recent diagnostic tools (OR=5.87, p=0.010).
Gender showed a borderline trend, with females being
less likely than males to use dental explorers (OR=0.32,
p=0.063). The full results are presented in Table 4.

Binary logistic regression indicated no significant
demographic influence on treatment preferences for
incipient occlusal lesions, approximal enamel lesions, or
defective restorations, although a strong overall prefer-
ence for repair over replacement was evident (p <0.001).
As shown in Table 5, two associations approached or
reached significance. Female dentists were margin-
ally more likely to favor CRA over the chief complaint
(p=0.052). Dentists with >16 years of experience were
significantly more likely to adopt a conservative approach
for marginal staining or minor defects (OR=1.88,
p=0.037), indicating stronger preservation-oriented
preferences in this group.

Discussion

Palestinian dental practitioners apply MID-related prac-
tices in daily decision-making, although key barriers still
limit broader use. Some clinicians apply MID, favor-
ing preventive nonoperative approaches and repairs,
but traditional methods remain prevalent. Barriers such
as limited training, restricted CPD access, and resource
shortages highlight the challenges associated with wider
MID integration.

These findings converge on three interrelated themes
that shape the implementation of MID in Palestine: (1)
training and education gaps, particularly the limited inte-
gration of MID in undergraduate curricula and restricted
opportunities for continuing professional development;
(2) resource and cost constraints, including the high
cost of materials, limited access to technologies, and
the absence of supportive reimbursement systems; and
(3) the influence of practice setting and cultural fac-
tors, where clinical experience, workplace context, and
entrenched traditional preferences strongly influence
uptake. The following sections expand on these themes.

Diagnostic and risk assessment practices

In our study, 55% of the dentists reported prioritiz-
ing the patient’s chief complaint, whereas 45% incorpo-
rated CRAs into their clinical decision-making. CRA
is a cornerstone of preventive, evidence-based caries
management, as it enables clinicians to identify risk fac-
tors and tailor interventions accordingly [36—41]. Com-
parable trends have been reported in other countries: in
Syria, 90% of dentists acknowledged the importance of
CRA, but only 47.2% reported using it routinely [42]. In
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Table 4 Multinomial logistic regression results for tools for caries
detection

Tool Predictor P Odds 95%  95%
value Ratio Cl Cl

(OR) Lower Upper

Dental Explorers Gender: 0.063 0319 0.096 1.062

Female

Radiographic Experience: 0.012 3378 1312 8.694

Examination < 5years

Radiographic Experience:  0.033 2510 1.079 5.839

Examination > 16 years

Recent Diagnostic Experience: 0010 5869 1519 22679

tools > 16 years

Reference Category: Visual-Tactile and Radiographic Examination

Table 5 Binary logistic regression results for prioritizing chief
complaint vs. CRA and management of restorations with
marginal defects

Binary logistic regression for chief complaint vs. CRA

Predictor Pvalue Odds 95% Cl 95%
Ratio Lower @
(OR) Upper

Gender: Female 0.052 1.531 0.996 2.354

Binary logistic regression for the management of restorations with
marginal staining or minor marginal defects

Predictor Pvalue Odds 95% Cl 95%
Ratio Lower cl
(OR) Upper

Experience: > 16 years 0.037 1.881 1.039 3404

contrast, in the UK and Turkey, more consistent CRA
adoption has been observed, supported by structured
clinical guidelines and reimbursement frameworks [21,
43]. Reliance on symptoms over risk assessments is a
common challenge in resource-limited contexts, includ-
ing Palestine [25, 28, 33, 44—49].

CRA helps identify risk factors and guide interven-
tions. However, its use is hampered by education gaps,
time pressures, limited insurance, and entrenched rou-
tines. A borderline association emerged: female dentists
were 1.5 times more likely to use CRA (OR=1.531, 95%
CI: 0.996-2.354, p=0.052), suggesting a trend—although
not statistically significant—toward more preventive,
risk-based approaches.

Within the diffusion innovation framework, a CRA’s
limited uptake reflects perceived complexity and low tri-
alability. Restricted CPD opportunities and the absence
of peer modeling or guideline reinforcement further
exacerbate this. The limited uptake of CRAs in Pales-
tine reflects systemic constraints, including insufficient
emphasis on undergraduate curricula, restricted CPD
opportunities, and the absence of supportive insurance
structures. These factors collectively hinder the standard-
ization of CRA use and the transition toward a consis-
tent, disease-centered model.
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Recent consensus recommendations—including the
EFCD (2023) position paper and the joint ORCA/EFCD
consensus—underscore the role of individualized risk-
based planning as a cornerstone of MID, further high-
lighting the importance of consistent CRA utilization for
translating preventive strategies into routine practice [50,
51].

Management of carious lesions and restorations

30% of practitioners used a combination of visual—-tactile
and radiographic assessments, whereas 25% relied solely
on visual—tactile methods. The use of advanced diagnos-
tic tools was limited to only 10% of the respondents, indi-
cating that most Palestinian dentists continue to depend
on conventional techniques. Similar trends have been
reported in Egypt and Saudi Arabia, where practitioners
also reported minimal uptake of innovative technologies
[23, 52].

Visual inspection is the main method for detecting
occlusal caries, although accuracy varies with experience
and may lead to misdiagnosis [53, 54]. Magnification aids
such as loupes and operating microscopes have been pro-
posed to enhance detection, although evidence indicates
that they may not consistently improve accuracy [55-58].
While loupes may offer ergonomic benefits, their diag-
nostic value remains limited in resource-constrained
settings.

Radiographs provide additional diagnostic value but
detect only caries after significant progression. They
cannot reliably distinguish between active and arrested
lesions [59, 60]. For this reason, radiographs must be
used alongside careful clinical examination. The use of
sharp explorers is discouraged because of the risk of cre-
ating irreversible surface defects that compromise remin-
eralization, whereas gentle tactile assessment with blunt
probes is recommended [61-63]. Newer technologies—
such as fiber-optic transillumination, quantitative light-
induced fluorescence, and artificial intelligence-based
tools—hold promise for earlier and more reliable detec-
tion [41, 53, 64—67]. However, their limited accessibil-
ity in Palestine underscores the importance of systemic
investment in technology and training if dentists are to
move beyond reliance on basic diagnostic methods (see
Appendix D for representative examples).

When managing incipient enamel lesions on the occlu-
sal surface, 55% of dentists in our study preferred preven-
tive, nonoperative strategies, reflecting growing adoption
of MID approaches. Similar findings have been reported
in California (59%), whereas French and Thai den-
tists leaned more toward early operative interventions
[68—70]. More conservative practices were observed
in the UK, Russia, the Netherlands, and Kuwait, where
the majority favored preventive strategies [20, 21, 27,
71]. These results align with a recent 21-country survey
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showing widespread overtreatment of enamel lesions:
only about two-thirds delayed intervention until ED] or
beyond, while one in six intervened at E2 (lesions con-
fined to the inner half of enamel). Guideline adherence
was low, with just 22.7%-32.7% of responses meeting
consensus recommendations, underscoring the persis-
tence of early operative thresholds [72]. This preventive
orientation among Palestinian dentists also parallels
recent findings on restorative practices, where compos-
ite resins were the predominant choice for both small
(83.7%) and large (60.4%) posterior cavities, underscor-
ing a gradual transition away from traditional amalgam
and toward more tooth-preserving, adhesive-based
approaches [73].

For enamel-confined proximal lesions identified
radiographically, 61% of our respondents also preferred
nonoperative therapies, though 39% recommended
immediate operative intervention. This aligns with
Kuwait, Thailand, the UK, and the Netherlands but con-
trasts with Russia, where early operative treatment was
more common [20, 21, 27, 68, 70, 71]. The multinational
data similarly showed that dentists were more conserva-
tive with approximal than occlusal lesions, with nearly
70% choosing thresholds at the enamel-dentin junc-
tion or into the outer dentin. However, overtreatment
remained substantial in certain regions—Colombian
and Kazakh dentists frequently initiated treatment while
lesions were still confined to enamel (outer or inner half),
while Bangladesh and Portugal consistently demon-
strated later, guideline-concordant thresholds [72].

Our findings suggest that Palestinian dentists are
increasingly adopting preventive approaches for both
occlusal and proximal enamel lesions. However, a consid-
erable minority still favors early operative intervention.
Interestingly, operators who preferred operative manage-
ment of incipient occlusal lesions were less likely to adopt
the same approach for enamel-confined approximal
lesions, indicating a potential preference for preventive
strategies at less accessible sites. Although not statisti-
cally significant, this contrasts with studies where early
intervention choices were consistent across lesion types
[20, 74]. The broader literature further emphasizes that
such variations in intervention thresholds and treatment
decisions may be influenced not only by lesion accessibil-
ity, but also by caries risk stratification, gender and spe-
cialization of practitioners, training background, patient
expectations, economic incentives, and national health
policies [72]. In the Palestinian context, the overlap
between preventive lesion management and restorative
material preference suggests a coherent though still tran-
sitional pattern toward MID, highlighting opportunities
for curricular reinforcement and continuing professional
development to consolidate these evolving practices [73].
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Two-thirds favored conservative designs, but one-third
still used traditional Class II forms, reflecting entrenched
training and familiarity. Tunnel restorations, once pro-
moted as a minimally invasive option, were chosen by
only 3% of the dentists in our study and remain unpopu-
lar internationally because of structural compromise and
marginal ridge fracture risks [75-77]. Comparable pat-
terns have been reported internationally. In Russia, 39.8%
of dentists continue to use conventional Class II prepa-
rations, whereas 60.2% favor minimally invasive designs,
including saucer-shaped (38.6%) and tunnel preparations
(21.6%) [27]. In the Netherlands, saucer-shaped designs
are also predominant (59.1%), with tunnel preparations
chosen by 4.7% of practitioners [20]. In Kuwait, nearly
half of practitioners (49.2%) still preferred conventional
Class II designs [71], whereas in the UK and USA, 49.8%
and 54.1% of dentists, respectively, reported reliance
on traditional forms despite guidelines recommending
otherwise [21, 68]. In the UAE, 72.8% of practitioners
preferred box preparations, with 20.6% using tunnel
preparations [78].

Half of our respondents preferred selective caries
removal for deep lesions, while 30% opted for complete
excavation, and 20% opted for stepwise removal. Selective
removal is widely supported in the literature for preserv-
ing pulp vitality [79-87], and international guidelines,
including those of the American Dental Association, also
reinforce this approach [87]. In the UK, Australia, Syria,
and Norway, selective caries removal is widely embraced
as the standard approach [21, 25, 29, 81, 88, 89]. In con-
trast, studies from France, Germany, Saudi Arabia, Egypt,
and Spain report stronger preferences for complete
excavation or stepwise methods, reflecting a continued
emphasis on bacterial elimination and traditional phi-
losophies [23, 79, 81, 90]. The near-even split reflects a
transitional state of practice. Many recognize the bene-
fits of selective removal, yet uncertainty and reliance on
familiar methods sustain complete excavation and step-
wise approaches. The findings underscore the need to
reinforce selective caries removal in curricula, CPD, and
national guidelines.

For defective restorations, 70% of the dentists in our
study opted for repair rather than replacement, and 55%
preferred to monitor or refurbish minor defects instead
of replacing them. The results align with the global
shift toward conservative strategies that extend the
life of restorations and minimize unnecessary removal
of the tooth structure. In Libya, for example, 68.9% of
dentists reported repairing small defective compos-
ite restorations, whereas 29.5% chose replacement
[91]. Similar preferences for repair have been reported
in countries such as Australia, Norway, Germany,
Greece, Switzerland, and the USA, reflecting broader
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international acceptance of repair as a minimally invasive
alternative to replacement [92-96].

Despite positive trends, 45% of the respondents still
favored replacement for minor asymptomatic defects.
This highlights persistent variability in practice. This
reliance on replacement may reflect lingering cultural
expectations, limited confidence in repair outcomes, or
the absence of clear clinical guidelines. Repairing defec-
tive restorations preserves tooth structure and slows the
restorative cycle [97-102]. However, the limited observ-
ability of successful repairs and patient expectations
for ‘new’ restorations may explain why many still prefer
replacement.

Overall, Palestinian dentists are beginning to adopt
repair-oriented approaches in line with MID principles,
but training, guideline reinforcement, and patient edu-
cation will be essential to support the wider diffusion of
conservative management of defective restorations.

A gradual shift toward MID is occurring among Pales-
tinian dentists, although traditional approaches remain
common because of entrenched routines, training gaps,
and systemic barriers. Preventive, nonoperative manage-
ment was chosen by just over half of the respondents for
early lesions (55% occlusal, 61% approximal), indicating
recognition of a relative advantage, whereas the minor-
ity opting for operative care reflects limited compat-
ibility with established routines and uncertainty about
long-term outcomes. A similar pattern appeared in cav-
ity preparation, where 66% favored conservative slot or
saucer designs, but nearly one-third still relied on tra-
ditional Class II forms—suggesting that the familiar-
ity and low observability of newer methods constrain
wider diffusion. For deep caries, half adopted selective
removal, while 30% persisted with complete excavation,
underscoring how uncertainty reduces perceived advan-
tage and reinforces reliance on conventional techniques.
In contrast, restorative repair resulted in greater uptake,
with 70% favoring repair and 55% refurbishing minor
defects, reflecting compatibility with preservation prin-
ciples. However, the persistence of replacement among a
third of dentists points to cultural expectations and lim-
ited observability of successful repairs as barriers to full
diffusion. These patterns illustrate diffusion dynamics.
Preventive and repair choices show recognition of advan-
tages, whereas traditional preparations and replacements
reflect limited observability and cultural expectations
that reinforce conventional techniques. As only one main
barrier was recorded per respondent, the mapping to
DOI constructs should be interpreted as indicative rather
than definitive; concurrent influences across categories
may be underrepresented.
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Training and education gaps and resource constraints

The most frequently cited barrier was limited training/
CPD in MID (26.6%), followed by high costs of materi-
als and equipment (19.1%) and limited access to appro-
priate technologies (16%), with cultural preferences for
traditional methods reported by 14%. These constraints
align with DOI constructs: training deficits increase
perceived complexity and reduce trialability; resource
scarcity diminishes relative advantage and compatibil-
ity—especially in public clinics; and low patient aware-
ness restricts observability. In Palestine, these barriers
are compounded by systemic issues. To our knowledge,
no studies have evaluated the integration of MID into
the national dental curriculum, but undergraduate
education likely continues to emphasize traditional
methods, with limited attention to minimally invasive
approaches. Opportunities for CPD—particularly in the
public sector—are constrained by logistical and financial
challenges.

Influence of clinical experience, practice setting, and
cultural factors

Clinical experience significantly shaped MID-related
practices. Dentists with <5 years of experience and
those with > 16 years of experience were more likely than
their mid-career peers were to rely on radiographs (<5
years: OR=3.38, 95% CI 1.31-8.69, p=0.012; 216 years:
OR=251, 95% CI 1.08-5.84, p=0.033). Interestingly,
the >16-year group also reported greater use of recent
diagnostic innovations (OR=5.87, 95% CI 1.52-22.68,
p=0.010) and a greater preference for conservative man-
agement of marginal staining or minor defects (OR=1.88,
95% CI 1.04-3.40, p=0.037). These patterns suggest both
the impact of recent training among early graduates and
the adaptability of highly experienced clinicians.

Gender had no significant influence on most clinical
decisions, although a borderline, nonsignificant trend
favored CRA use among female dentists (OR = 1.53, 95%
CI 0.996-2.35; p = 0.052). International studies report
similar findings: experience, rather than demographics,
was the key driver in Saudi Arabia [33] and the Neth-
erlands [20]. In contrast, in the US [68] and UK [21],
younger dentists with recent evidence-based training
leaned more strongly toward conservative care.

While these findings reflect routine general practice,
the exclusion of restorative specialists is a limitation. Spe-
cialists typically receive more advanced training in mini-
mally invasive techniques and may adhere more closely to
evidence-based protocols or alternative philosophies [23,
27, 28]. Including their perspectives in future research
would provide a fuller picture of how MID practices are
applied across clinical specializations and highlight train-
ing disparities or system-level barriers that general prac-
titioner surveys may overlook.
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Workplace setting had minimal overall influence on
MID practices in this study. However, systemic chal-
lenges in the public sector—restricted resources, fewer
CPD opportunities, and limited autonomy—Ilikely con-
strain wider uptake. In Palestine, where untreated oral
disease is prevalent, these barriers limit the potential of
MID as a cost-effective preventive strategy.

Regional disparities (West Bank, Gaza, East Jerusalem;
rural vs. urban) may further shape access to training and
materials, although our data did not permit stratified
analysis. Future research should investigate these varia-
tions to inform location-specific strategies for broader
MID implementation.

Overall, the findings converge on three interrelated
themes shaping MID application in Palestine: (1) train-
ing and education gaps, where limited emphasis on
MID in undergraduate curricula and restricted CPD
opportunities perpetuate reliance on traditional meth-
ods; (2) resource and cost constraints, including high
material costs, limited access to technologies, and the
absence of supportive reimbursement systems, which
restrict implementation, especially in public clinics; and
(3) the influence of practice setting and cultural factors,
whereby clinical experience, private sector resources, and
entrenched traditional preferences strongly shape uptake.
Together, these themes explain the variability in practice
and underscore the systemic educational, infrastruc-
tural, and cultural influences that shape MID adoption in
Palestine.

These interrelated themes can be more fully under-
stood through Rogers’ diffusion of innovation frame-
work, which offers a structured lens for interpreting how
barriers and facilitators shape MID adoption. The relative
advantage of MID was evident in the strong preference
for preventive strategies and restorative repair, yet uncer-
tainty about long-term outcomes limited its perceived
benefit for deep lesions. Compatibility was constrained
by entrenched surgical traditions, reimbursement sys-
tems, and public-sector resource limitations, whereas
inadequate training contributed to perceptions of com-
plexity and hindered the uptake of diagnostic innovations
such as CRAs. Opportunities for trialability were scarce
in public clinics, and observability was weak owing to the
absence of role models and peer networks demonstrat-
ing successful MID integration. Notably, higher uptake
among experienced dentists suggests that accumulated
professional experience and networks may accelerate dif-
fusion, whereas systemic constraints in the public sector
weaken perceptions of relative advantage and compatibil-
ity, slowing adoption overall.

Strategies to enhance MID diffusion
Within the diffusion of the innovation framework, the
barriers identified in this study map onto core constructs



Arandi and Rabi BMC Oral Health (2025) 25:1624

such as complexity, trialability, observability, and com-
patibility. Limited CPD access increases perceived com-
plexity, scarce opportunities in public clinics restrict
trialability and observability, and the absence of support-
ive reimbursement systems undermines compatibility.
Addressing these dimensions is essential for embedding
MID more consistently into routine practice.

Policy and practice implications

The results highlight the need for coordinated reforms
across education, professional development, and health
policy to support the wider integration of MID in Pales-
tine. Several actionable priorities emerge: Undergraduate
dental education should embed MID principles through-
out preclinical and clinical training. Structured teach-
ing of caries risk assessment, selective caries removal,
and restoration repair would ensure that new graduates
adopt evidence-based, conservative practices from the
outset. The integration of international consensus state-
ments and clinical guidelines into the curriculum could
further align training with global standards. Limited
access to CPD was the most frequently reported barrier
in this study. Hands-on workshops and accredited CPD
courses on MID techniques and diagnostic tools are
essential. They should equip practitioners at all career
stages with practical skills and confidence. Tailored CPD
strategies could also address the distinct needs of early-
career versus senior practitioners, reinforcing trialabil-
ity and reducing perceived complexity. Cost-related
barriers—including the high price of bioactive restorative
materials and the limited availability of advanced diag-
nostic devices—constrain implementation, particularly
in public clinics. Targeted subsidies, institutional invest-
ments, or public—private partnerships could improve
access to affordable, high-quality materials and tech-
nologies, thereby strengthening the relative advantage
of MID approaches. The development of context-appro-
priate national clinical guidelines for caries management
would standardize practice, promote consistency, and
reduce reliance on outdated, invasive methods. More-
over, insurance reforms and reimbursement structures
should incentivize preventive and conservative treatment
options, encouraging dentists to align economic deci-
sions with evidence-based care. Together, these reforms
address the educational, infrastructural, and systemic
barriers identified in this study and create an enabling
environment for the routine application of patient-cen-
tered, minimally invasive care.

Limitations

As an exploratory study, this research has several limi-
tations that should be considered when interpreting
the findings. Reliance on self-reported data may have
introduced response bias, as social desirability could
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lead participants to overreport the use of MID-related
practices, potentially inflating the prevalence of certain
approaches. The extent of such bias is unquantifiable
without objective validation.

The sampling approach may also have introduced bias.
Convenience sampling via digital platforms and snowball
recruitment likely overrepresented younger and more
technologically connected practitioners while potentially
excluding older dentists or those with limited internet
access. The absence of comprehensive national demo-
graphic data or accessible dental workforce registries in
the distinct territories of Palestine prevented compari-
son of our sample’s demographic profile with that of the
broader dentist population. This limitation restricts the
assessment of representativeness and introduces the
potential for selection bias.

The barrier question was designed as a forced-choice
item. This format identified the primary obstacle per-
ceived by each respondent but may have underrep-
resented the coexistence of multiple barriers in daily
practice.

The cross-sectional design further restricts causal
inference. Reliance on self-reported data at a single time
point prevents conclusions about temporal relationships
or cause—effect dynamics.

The exclusion of specialists in conservative or restor-
ative dentistry narrowed the scope to general practitio-
ners. Although appropriate for the study aim, this may
have limited the diversity of perspectives, as specialists
often receive advanced training in MID and could dem-
onstrate greater adherence to evidence-based practices.

In addition, external factors such as patient prefer-
ences, financial constraints, and institutional protocols
were not assessed. These influences may also shape the
adoption of MID and contribute to variability in prac-
tice patterns, adding uncertainty to the precision of our
estimates.

Certain methodological limitations should also be
noted. The statistical analyses assumed a simple ran-
dom sample despite nonrandom recruitment, which
may overestimate significance and warrants caution in
interpretation. The multiple statistical comparisons con-
ducted may have increased the risk of Type I errors, par-
ticularly for marginally significant associations. Although
adjustments such as Bonferroni correction were consid-
ered, they were deemed unnecessary for this exploratory
study focused on predefined outcomes.

Together, these limitations suggest that future research
should employ stratified sampling across key geographic
regions (West Bank, Gaza, and East Jerusalem) to sys-
tematically evaluate regional disparities. Combining
surveys with clinical audits would help validate self-
reported practices, whereas longitudinal designs could
track changes over time. Implementing more stringent
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statistical thresholds (e.g., p<0.01) or correction meth-
ods could reduce false positives, and incorporating quali-
tative methods (e.g., interviews, focus groups) would
further contextualize the barriers and facilitators of MID
adoption in Palestine’s unique healthcare environment.

Conclusion

This study demonstrated that the application of MID
practices among Palestinian general dental practitioners
is variable, with clinical experience exerting the stron-
gest influence, whereas gender and workplace setting
had limited effects. Many dentists incorporate preventive
and conservative approaches, yet traditional methods
persist owing to training gaps, resource constraints, and
systemic barriers. As the first national-level investigation
on this topic in Palestine, these findings highlight critical
gaps that must be addressed to advance evidence-based,
patient-centered caries management. Future efforts
should include longitudinal monitoring to track changes
in MID uptake, stratified sampling across regions to iden-
tify geographic disparities, and mixed-method designs
that integrate qualitative perspectives from practitioners,
patients, and institutions. Together, these strategies clar-
ify the evolving trajectory of MID adoption and inform
policy, education, and clinical practice in Palestine.
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