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Introduction

Dental caries remains a prevalent oral health issue globally,
affecting individuals of all ages.1 Caries polarization is a global
phenomenon, characterized by a decrease in prevalence in
developednationsandan increase in less-developedcountries.
Moreover, this trend is reaching epidemic proportions in

countries with emerging economies.2 The management of
dental caries often involves the use of restorative materials
to repair andrestore theaffected teeth totheirnormal function
and aesthetics.3 Among the various restorative options avail-
able, direct composite restorations (DCRs) have gained wide-
spread acceptance because of their aesthetic appeal,
conservative nature, and adhesive properties.4
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Abstract Objective This study aimed at comparatively assessing the effect of different
magnification levels on the immediate postoperative quality of class I direct posterior
composite restorations and the adjacent sound enamel.
Materials andMethods Following themodified Consolidated Standards of Reporting Trails
(CONSORT) guidelines for in vitro studies, 30 noncarious maxillary human molars were
selected. Standardizedclass I toothpreparationwasdone inall the teeth. Theywere randomly
divided into three groups: unaided vision, magnifying loupe (3�magnification), and dental
operating microscope (7.5� magnification). Each group underwent direct composite
restoration, and the restored samples were evaluated for anatomic contour, surface texture,
marginal integrity, excess material, and scratching of the adjacent sound enamel.
Statistical analysis The non-parametric Kruskal-Wallis test, followed by the post-hoc
Mann-Whitney test were employed.
Results Statistical analysis revealed no significant differences in anatomic contour, surface
texture, marginal integrity, or excess material among the three groups. However, a notable
difference was observed in the scratching of adjacent sound enamel, with the unaided vision
group exhibiting significantly higher levels than the microscope group (p¼0.022).
Conclusion Direct composite restorations performed without magnification resulted
in significantly higher adjacent sound enamel scratching than microscope-assisted
procedures. The use of a dental operating microscope may minimize this risk,
emphasizing its potential benefits in composite restorations.
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Composite resins represent the most commonly utilized
direct tooth-colored restorative materials, with their appli-
cation in posterior teeth expanding due to advancements in
mechanical performance and enhanced wear resistance.5

DCRs involve the placement of tooth-colored resin-based
materials directly onto the tooth surface to restore form,
function, and aesthetics.4 The success and longevity of DCRs
are influenced by several factors including restoration quali-
ty, marginal adaptation, surface texture (ST), and anatomic
contour (AC).6 Achieving optimal outcomes in DCRs requires
meticulous attention to detail, precise techniques, and ad-
herence to established clinical protocols.7

In recent years, there has been growing interest in the use
of magnification aids, such as dental loupes and operating
microscopes in restorative dentistry.8 Magnification aids,
such as loupes and microscopes, offer clinicians enhanced
visualization of the operativefield, enabling them to perform
procedures with greater precision and accuracy.9 By magni-
fying the operative field, these devices allow for better
identification of tooth structures, carious lesions, and other
clinical landmarks, facilitating more conservative and mini-
mally invasive treatment approaches.10 The use of magnifi-
cation loupes influences restoration in all its aspects and
greatly reduces cavity marginal and surface irregularities.11

Consequently, constant and sustained use of these instru-
ments in clinical practice yields excellent results.

Despite the potential benefits of magnification in restor-
ative dentistry, limited research has been conducted to
evaluate its effect on the quality and outcomes of DCRs,
particularly in a comparative context. While anecdotal evi-
dence suggests that magnification aids may improve proce-
dural efficiency and clinical outcomes, empirical data
supporting these claims are scarce.12 Therefore, there is a
need for well-designed studies to assess the efficacy of
magnification in enhancing the quality of DCRs and to
compare their effectiveness with traditional unaided vision
techniques.

The purpose of this study was to comparatively evaluate
the effect of magnifications on the quality of class I DCRs.
Specifically, the study aimed to assess and compare the
outcomes of DCRs performed under unaided vision, a mag-
nifying loupe at 3� magnification, and a dental operating
microscope at 7.5� magnification. The evaluation param-
eters included AC, ST, marginal integrity (MI), excess mate-
rial (EM), and scratching of the adjacent sound enamel (ASE).

The rationale for comparing different magnification levels
lies in the need to identify the optimal magnification setting
that provides the greatest benefits in terms of restoration
quality. By systematically evaluating the outcomes of DCRs
performed under different magnification conditions, this
study sought to provide evidence-based guidance to clini-
cians regarding the use of magnification aids in restorative
dentistry.

Materials and Methods

The present study used the modified Consolidated Standards
of Reporting Trails (CONSORT) guidelines specifically tailored

for in vitro investigations. Ethical approval for the study
protocol was obtained from the Scientific Research Unit of
the College of Dentistry, Jazan University (reference number:
CODJU-2327I). Thesample comprised30noncariousmaxillary
human molars extracted for periodontal or surgical reasons,
which were carefully selected for inclusion. The sample size
determinationwasguidedbyaprior reference article,wherein
an effect size of 1.4141 was calculated, considering an α error
probability of 5% anda power requirement of 80%. Aminimum
sample size of 10 teeth per group was established to achieve
adequate statistical power,with the power analysis conducted
at a 95% confidence interval using the G Power software.

After extraction, the teeth were thoroughly cleaned and
sterilized before being mounted in plaster blocks for experi-
mental purposes. The standard class I tooth preparation was
done using an air turbine high-speed handpiece (LUX E25L;
EXPERTmatic, Kavo, Biberach, Germany) at 300,000 rpm
under copious air–water coolant spray and straight cylindri-
cal (835–014M) medium grit diamond abrasive (SS White
Dental, New Jersey, United States). Notably, cavity prepara-
tion entailed extending half of each cusp, encompassing the
oblique ridge, while preserving a 2-mm healthy marginal
ridge and ensuring a minimum occlusal depth of 2mm
(►Fig. 1A). Following preparation, the teeth were stratified
into three distinct groups, each comprising 10 specimens:

• Group I: DCRs performed with unaided vision.
• Group II: DCRs performed under 3� magnifying loupe.
• Group III: DCRs performed under the dental operating

microscope at a magnification of 7.5� .

Group I
The prepared cavities underwent a standardized treatment
regimen, beginning with the application of etching gel
(Scotch bond Universal etchant, 3M ESPE, St. Paul, MN,
United States), containing 32% phosphoric acid. Etching
was performed for 30 seconds, with a specific duration of
30 seconds in the enamel and 15 seconds in the dentin.
Subsequently, the etchant was meticulously rinsed with
water for 20 seconds and air dried. Following etching, two
coats of bonding agent (Adper Single Bond, 3M ESPE) was
uniformly applied using a micro-brush for 20 seconds, fol-
lowed by gentle air drying for 5 seconds, and light curing for
10 seconds. The cavities were restored using a universal
restorative composite (Filtek Z250, 3M ESPE), employing
the oblique layering technique (two layers, each on buccal
and lingual wall) facilitated by hand instruments designed
for compositematerial manipulation (LM-Arte Complete Set,
LM Dental, Finland). Light curing was conducted for 5 sec-
onds between each composite increment with a final curing
duration of 20 seconds. Sufficient carewas exercised to avoid
any excess flash of composite on the ASE. The restorations
were initially contoured using a flame-shaped superfine
diamond bur (368–016 SF-FG) from the composite finishing
kit (NTI-Kahla Gmbh, Kahla, Germany), followed by meticu-
lous finishing and polishing using silicon carbide and alumi-
num oxide stones sourced from the composite finishing and
polishing kit (Shofu Dental Corporation, Kyoto, Japan). The
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finishing and polishing were kept to a minimum to avoid any
inadvertent damage to the adjacent enamel and margins.

Group II
The entire restorative procedure including finishing and pol-
ishing was done under 3� magnifying loupe (Zumax Medical
Co., Ltd. China) following the same protocol as in group I.

Group III
The restorative procedure includingfinishing andpolishingwas
completed under the dental operating microscope (Zeiss OPMI
pico, Carl ZeissMeditecAG, Jena,Germany) at amagnificationof
7.5� following the same protocol as in group I. An orange light
(blue light filtered) was used to prevent the light curing of
composite resin during adaptation, compaction and contouring
of resin composite.

Each tooth was restored within 30minutes at elbow
height similar to the average distance between patient and
clinician in clinics. The entire tooth preparation, restoration,
finishing, and polishing procedurewas performed by a single
operator (H.R.C.) with experience in restorative dentistry for
more than 20 years and handling microscope and magnifi-
cation loupe for 15 years.

Evaluation of samples: The evaluation of samples in-
volved a systematic process overseen by the principal inves-
tigator. Sequential coding was applied to the prepared
samples, ensuring the concealment of the allocation se-
quence from the observers. A panel of five experienced

faculty members specializing in restorative dental sciences,
excluding the principal investigator, participated as blinded
observers in evaluating the prepared samples. Before com-
mencing the evaluation, the principal investigator conducted
a thorough review of the evaluation guidelines with each
observer, ensuring consensus on criteria, scoring param-
eters, and evaluation characteristics. Subsequently, each
sample underwent independent evaluation by the observers,
and the resulting assessments were meticulously tabulated
with the assistance of a dental assistant.

Evaluation parameters: The evaluation process encom-
passed five distinct criteria, with the initial three criteria—
namely, “AC,” “ST,” and “MI”—adopted from the modified
version of Ryge criteria for direct restoration evaluation.
Additionally, the assessment of “EM” adhered to the criteria
established by Bud et al.16 Furthermore, a novel criterion,
“ASE,”was introduced to assess the inadvertent scratching of
the enamel that might occur during the finishing and polish-
ing stages of the restoration process. Each criterion was
evaluated, with scores ranging from 1 to 3, as outlined
in ►Table 1. The restored samples were examined using a
sharp dental explorer under an operating microscope (Zeiss
OPMI Pico; Carl Zeiss Meditec AG). A magnification level of
12.5�was employed for evaluating all criteria except for the
ASE, for which a higher magnification of 20� was utilized
(►Fig. 1B–F).

Statistical analysis was conducted utilizing SPSS version
23.0 (SPSS, IBMCorp., Armonk, NY, United States), employing

Fig. 1 Representative sample images. (A) Class I cavity preparation. (B) Anatomic contour score 1. (C) Surface texture score 2. (D) Marginal
integrity score 2. (E) Excess material score 2. (F) Adjacent sound enamel score 2.
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the nonparametric Kruskal–Wallis test, followed by the post
hoc Mann–Whitney U test. A significance level of 95% was
established, with p<0.05 deemed statistically significant.
Furthermore, inter-rater reliability was assessed by comput-
ing the intraclass correlation coefficient.

Results

►Table 2 presents the comparison of dental restoration
quality among three groups: group 1 (unaided vision), group
2 (magnifying loupe), and group 3 (microscope). The variables
assessed include AC, ST, MI, EM, and scratching of ASE.

For AC, no significant differences were observed among the
three groups (p>0.05). Similarly, ST, MI, and EM also did not
show significant differences between the groups (p>0.05).

However, scratching of ASE exhibited a significant differ-
ence between the groups (p¼0.022). Specifically, the unaid-
ed vision group (group 1) had significantly higher scratching
of ASE compared with the microscope group (group 3;
p¼0.022). No significant differenceswere observed between
the unaided vision group and the magnifying loupe group
(group 2), nor between themagnifying loupe andmicroscope
group (p>0.05).

Themedian scores of evaluated samples for ACwere similar
for all three groups (►Fig. 2). Regarding ST, group III showed
better median scores than groups I and II (►Fig. 3). In terms of
MI, group II reportedbettermedian scores thangroups I and III
(►Fig. 4). Concerning EM, group III showed better median
scores thangroups II and I, andgroup IIwas better than group I
(►Fig. 5). Themedian scores for ASEwere similar for groups II
and III, which were better than group I (►Fig. 6).

The intraclass correlation coefficient showed moderate
agreement between the raters for AC and EM, whereas there
was good agreement for ST, MI, and ASE (►Table 3).

Discussion

The term “restoration” refers to the process of replacing the
structure and functionality of a damaged tooth with a
restorative material. Achieving optimal form and function
involves preparing the tooth to accommodate the placement
of the restorative material or materials.13 The present study
compared the outcome of DCRs performed under unaided
vision, 3� magnigfying loupe, and dental operating micro-
scope at a magnification of 7.5� on extracted teeth. The
standardized class I cavities were prepared, and the restor-
ative procedure was performed within the specified time
duration for all three groups. During evaluation, a single-
blind study protocol was implemented to remove the possi-
bility of bias. Five experienced observers independently
evaluated the prepared samples according to the modified
Ryge criteria and an additional evaluation criterion to exam-
ine the ASE was introduced.

According to the results of the present study, no signifi-
cant differences were noted between the three groups in
terms of AC, ST, MI, and EM. Hence, the null hypothesis that
magnification may improve the outcome of DCR has been
rejected. However, a notable difference was found regarding
scratching of ASE. Specifically, the unaided vision group
exhibited significantly higher scratching compared with
themicroscope group (p¼0.022). This disparity underscores
the potential benefit of utilizingmagnification, particularly a
dental operating microscope, to minimize inadvertent dam-
age to adjacent enamel during restoration procedures. The
reduced scratching observed in the microscope group can be
attributed to several factors facilitated by higher magnifica-
tion. First, enhanced visibility provided by the microscope
enables clinicians to precisely control instrument move-
ments, leading to more accurate restoration procedures
withminimal enamel abrasion.14 Additionally, the increased

Table 1 Modified scoring criteria for evaluating the quality of direct composite restorations and adjacent sound enamel

Criteria Score Characteristics

Anatomic contour (AC) 1 Restoration morphology accurately respects/continues with the tooth morphology

2 Restoration morphology partially respects/continues with the tooth morphology

3 Restoration morphology does not respect/continues with the tooth morphology

Surface texture (ST) 1 Smooth surface

2 Slightly rough or pitted; can be refinished

3 Deeply rough or pitted; cannot be refinished

Marginal integrity (MI) 1 Excellent continuity at resin–tooth interface; explorer does not catch

2 Explorer catches; slight crevice margin; dentin not exposed

3 Obvious crevice at margin; dentin exposed

Excess material (EM) 1 No excess material present outside the restoration

2 Excess material present on less than half of the restoration contour

3 Excess material present on more than half of the restoration contour

Adjacent sound enamel (ASE) 1 Completely intact with no scratching of enamel

2 Slight scratching of enamel

3 Extensive scratching of enamel
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magnification allows for better discrimination between
sound enamel and composite material, reducing the likeli-
hood of unintentional enamel scratches.15 Furthermore, the
ergonomic design of dental operating microscopes pro-
motes optimal working posture, minimizing hand fatigueTa
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Fig. 2 Median score values of the anatomic counter (AC).

Fig. 3 Median score values of surface texture (ST).

Fig. 4 Median score values of marginal integrity (MI).
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and tremors, which can contribute to procedural precision
and reduced enamel damage.9

Our study, investigating the impact of different magnifi-
cation levels on DCRs, aligns with findings from a study by
Bud et al. Both studies highlight the benefits of magnifica-
tion, particularly dental operatingmicroscopes, in improving
restoration quality. While our study found significantly
lower scratching of adjacent enamel with microscope use,
Bud et al observed improvements in “marginal adaptation
integrity” and “EM”withmagnification. Despite slight differ-
ences in outcomes, there is consensus that the integration of

magnification aids in routine clinical practice to enhance
restoration outcomes. Future research could explore nuances
in magnification levels and associated practical consider-
ations.16 Mamoun reported that the use of 6� to 8� magni-
fication by binocular surgical loupes or the operating
microscope resulted in a composite restoration that was
perfect at the initial placement and free of secondary caries
or marginal staining at follow-up visits.17

The differences in the findings of the previous studies and
the present research may be attributed to the methodology,
particularly operating time. The present study used a stan-
dardized time duration of 30minutes in all three groups,
whichmay not be sufficient whileworkingwith an operating
microscope. Additionally, during sample evaluation a single-
blind protocol was implemented, avoiding the biased
observations.

Overall, the findings of this study align with previous
research highlighting the benefits of magnification aids in
restorative dentistry. For instance, a systematic review by
Low et al emphasized the positive impact of dental loupes
and operating microscopes on clinical outcomes, including
improved cavity preparation, restoration placement, and
marginal adaptation.8 Similarly, a review by Bud et al dem-
onstrated superior marginal adaptation and surface finish of
composite restorations performed under magnification
compared with those done with unaided vision.9 Thus, the
current study adds to the existing body of evidence support-
ing the efficacy of magnification in enhancing the quality of
dental restorations.

Moreover, the observed lack of significant differences in
AC, ST, MI, and EM among the three groups underscores the
high level of proficiency and technique sensitivity required
for successful DCRs, regardless of magnification level. It
suggests that, while magnification aids can enhance proce-
dural precision and reduce enamel damage, they may not
necessarily lead to superior outcomes in all aspects of
restoration. Factors such as operator experience, material
selection, and technique mastery remain crucial determi-
nants of restoration quality.18

The present study introduced a new parameter “ASE”
while evaluating DCR. The literature search revealed no
published research on the effect of magnification on the
ASE; thus, the present research is unique in its kind. The
results of the current study reported significantly higher
scratching of ASE in the unaided vision group comparedwith
the operating microscope group. The scratches on the ASE

Fig. 5 Median score values of excess material (EM).

Fig. 6 Median score values of adjacent sound enamel (ASE).

Table 3 Intraclass correlation coefficient (ICC) and inter-observers agreement

Variable ICC 95% CI p value Agreement

AC 0.716 0.518–0.849 <0.001 Moderate

ST 0.829 0.711–0.909 <0.001 Good

MI 0.844 0.736–0.917 <0.001 Good

EM 0.691 0.481–0.835 <0.001 Moderate

ASE 0.794 0.652–0.891 <0.001 Good

Abbreviations: AC, anatomic contour; ASE, adjacent sound enamel; EM, excess material; MI, marginal integrity; ST, surface texture; CI, confidence interval.

European Journal of General Dentistry © 2024. The Author(s).

Effect of Magnification on the Quality of Direct Posterior Composite Restorations and Adjacent Sound
Enamel Chourasia et al.



may favor plaque and food accumulation, which can lead to
recurrent caries and an ultimate failure in the restora-
tion.19,20 Thus, recommendations are made to use the oper-
ating microscope during composite restoration to
avoid/minimize undue scratching of the ASE.

Strengths: The present study used sequential coding
and the allocated sequences were concealed from the observ-
ers, thus strengthening the validity of the findings by mini-
mizing bias and allowing for direct comparison between
different magnification levels. Furthermore, adherence to
themodifiedCONSORTguidelines for in vitro studies enhances
the transparency and reproducibility of the research
methodology.21

Limitations: First, the study utilized extracted human
molars, which may not fully replicate the clinical conditions
encountered in vivo, potentially limiting the generalizabilityof
the findings. Second, the sample size of 30 teeth, while
sufficient for detecting significant differences, may still be
relatively small, necessitating cautious interpretation of the
results.Additionally, theevaluationof restorationoutcomesby
five experienced observers introduces the possibility of inter-
observer variability, albeit efforts were made to mitigate this
through pre-evaluation training and consensus building.

Future research in this area could focus on expanding the
sample size, selecting large class I and other types of cavities,
and including other types of teeth to enhance the generaliz-
ability of the findings. Longitudinal studies tracking the
performance of DCRs over time under different magnifica-
tion levels could provide valuable insights into the long-term
durability and clinical outcomes of restorations. Moreover,
investigations into the cost-effectiveness of incorporating
magnification aids into routine clinical practice could inform
decision-making among dental practitioners.

Conclusions

Within the limitations of the study, it can be concluded that
DCRs performed with unaided vision showed significantly
higher scratching of ASE compared with those under the
dental operating microscope at a magnification. This study
contributes to the growing body of evidence supporting
the beneficial effects of magnification aids, particularly
dental operating microscopes, on the quality of DCRs. The
findings underscore the importance of utilizing magnifica-
tion to minimize enamel damage and optimize clinical
outcomes in restorative dentistry. Incorporating magnifica-
tion aids into routine clinical practice has the potential to
enhance the precision, efficacy, and longevity of dental
restorations, ultimately benefiting patient care and
satisfaction.
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