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Impact of dental operative microscopes on precision in
minimally invasive dental restoration procedures
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Abstract: Objective: To evaluate the effect of dental operative microscopes on precision in minimally invasive dental
restoration procedures. Methods: This retrospective analysis included patients who underwent minimally invasive
dental restoration procedure at Nanjing Stomatological Hospital from March 2018 to December 2019. Patients
were categorized into two groups, an observation group treated with microscope-guided provisional restorations,
and a control group treated using conventional methods. Clinical indices, including implant survival rates over five
years, were compared between the groups. Multivariate analysis was employed to identify independent risk factors
for implant failure. Results: After treatment the observation group exhibited significantly lower labial vertical mar-
ginal discrepancies and absolute marginal discrepancies, as well as improved labial gingival indices and periodontal
probing depths compared to the control group (all P<0.001). Additionally, the observation group scored significantly
higher in efficiency, accuracy, and overall quality of tooth preparation (all P<0.001). Clinicians using microscopes
demonstrated significantly lower mean Rapid Upper Limb Assessment scores, indicating reduced ergonomic strain
(P<0.001). Higher age, worn tooth defects, poor oral hygiene, and non-use of a microscope were identified as inde-
pendent risk factors for implant failure at the five-year mark. Conclusion: Dental operative microscopes significantly
enhance the precision, efficiency, and ergonomic comfort in minimally invasive dental restorations for both clini-
cians and patients. Widespread adoption of this technology is strongly recommended.
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Introduction comparison to traditional methods, reduces
trauma and tissue removal, thus decreasing

As the population ages, the prevalence of oral patient discomfort and speeding recovery [6].

diseases among middle-aged and elderly indi-
viduals is increasing [1]. Pathological changes
associated with aging, such as periodontitis

Accurate and visually enhanced tools are cru-
cial for executing precise minimally invasive

and tooth loss, can lead to facial collapse,
affecting speech, chewing, and occlusion [2, 3].
In severe cases, these conditions may also
impair temporomandibular joint function, ulti-
mately affecting facial aesthetics [2, 3].

Oral restoration employs physiologically adap-
tive devices to repair oral dysfunction caused
by defects or deficiencies. Its goal is to restore
oral functionality, enhance aesthetic appear-
ance, and promote overall oral well-being [4].
Precision minimally invasive dental restoration,
which leverages advanced digital technology
and fine surgical skills, aims to minimize dam-
age to dental and oral tissues while ensur-
ing accurate restoration [5]. This technique, in

dental restorations. The dental microscope, an
advanced instrument in clinical medicine, sig-
nificantly improves procedural visibility with its
maghnification capabilities and advanced light-
ing systems, offering an enlarged and detailed
view during surgeries [7, 8]. Its high magnifica-
tion and superior optical quality enable dentists
to precisely identify and treat oral issues, reduc-
ing the risks associated with surgical interven-
tions [9].

This study underscores the lack of comprehen-
sive research on the impact of microscopes on
clinical outcomes in precision minimally inva-
sive dental restoration. By focusing on both
patient outcomes and operator-related factors,
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The medical records of 130 patients who underwent precise minimally
invasive dental restoration in the Nanjing Stomatological Hospital our

hospital from March 2018 to December 2019 were analyzed.

v

Inclusion criteria: Patients required oral restoration treatment due to dental
defect; patients were between 18 and 70 years old; patients had detailed
clinical records; patients had normal cognition without mental iliness;
patients who had received treatment adopted in this study; patients who had
complete case records and follow-up records.

v

criteria were included.

100 patients who met the above inclusion

Exclusion criteria:
Patients were comorbid with serious heart, respiratory, liver or
kidney diseases (3 patients were excluded);

Patients suffered stomatitis or acute infection (2 patients were
xlexcluded);

\ 4

screened out finally.

89 patients who underwent minimally
invasive dental restoration were

7 |Patients were unable to have normal oral function or and
aesthetic effect due to tooth defect or serious damage to
periodontal tissue (4 patients were excluded);

Patients were during pregnancy or lactation (2 patients were
excluded)

Y

assigned to the control group.

Patients who received treatment with microscope-guided provisional
restoration were assigned to the observation group, and those who
received treatment with conventional provisional restoration were

[ Observation group(n=46) I [ Control group(n=43) l

7

Main outcomes

groups before restoration and one week after restoration.

compared.

implants was analyzed using multivariate logistic regression analysis.

(1) The vertical marginal discrepancy and absolute marginal discrepancy were compared between the two groups.
(2) The labial gingival index and labial periodontal probing depth were measured and compared between the two

(3) The efficiency, accuracy and quality of provisional restoration were compared using the self-made scoring table of
the Nanjing Stomatological Hospital at one week after completion of the tooth preparation procedure.
(4) The dental restoration and rapid upper limb assessment (RULA) scores of doctors in the two groups were

(5) The 5-year implant survival rate in patients was calculated, and the factors influencing the effective retention of the

Figure 1. Flow chart for the study.

such as ergonomic benefits, our research aims
to fill this gap. We seek to provide robust evi-
dence of the benefits of using microscopes,
addressing limitations found in previous stud-
ies and highlighting their values in enhancing
the precision of dental restorations.

Materials and methods
General data selection

In this retrospective study, we analyzed data
from 89 patients who underwent precise mini-
mally invasive dental restoration at Nanjing
Stomatological Hospital from March 2018 to
December 2019. Patients were classified into
two groups based on their treatment approach-
es. Those who received treatment with micro-
scope-guided provisional restoration were as-
signed to the observation group (n=46), while
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those treated with conventional provisional res-
toration were categorized into the control group
(n=43). The grouping process is illustrated in
Figure 1. This study received approval from the
Ethical Committee of Nanjing Stomatological
Hospital.

Inclusion criteria: Patients included in the study
required oral restoration for various dental
defects such as dental caries, fractures, tooth
loss, wear, and malformed teeth; patients ag-
ed between 18 and 70 years. Patients had
detailed clinical records; patients had normal
cognitive functions and no mental ilinesses;
patients had previously received the treatment
approaches under investigation.

Exclusion criteria: Patients had severe com-
orbidities affecting the heart, lung, liver, or kid-
ney functions; patients with stomatitis or acute
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infections; patients unable to maintain normal
oral function or achieve aesthetic outcomes
due to significant tooth defects or severe peri-
odontal damage; pregnant or lactating patients.

Treatment protocol

Before treatment, all patients underwent X-ray
examinations to assess dental health and posi-
tioning. During the treatment phase, micro-
scope-guided provisional restoration was im-
plemented for the observation group, while
conventional provisional restoration was used
for the control group. The same medical team
treated both groups. Patients selected their
treatment method based on personal factors
such as cost and insurance coverage, and they
were fully informed of each method’s strengths
and limitations.

Data collection and follow-up

Clinical data for both patients and clinicians
were collected through the electronic medical
record management system, which included
demographics, type of dental defect, and other
relevant indicators. Patients were followed an-
nually via outpatient re-examinations and tele-
phone interviews to monitor dental restoration
outcomes up to five years post-procedure.
Follow-up data collection focused on implant
survival and oral hygiene practices.

Outcome measures

Primary outcome measures: Vertical and abso-
lute marginal discrepancy: The vertical discrep-
ancy was assessed by measuring the shoulder
finish line on the labial side of the prepared
tooth and the outermost point of the labial gin-
gival margin of the porcelain crown using a
dental preparation instrument in the first week
post-restoration. These measurements were
used to calculate the vertical and absolute mar-
ginal discrepancies for each patient.

Gingival index and periodontal probing depth:
These were measured and compared between
the groups both before restoration and one
week post-restoration.

Efficiency, accuracy, and quality of provisional
restoration: Evaluated using a scoring table
developed by Nanjing Stomatological Hospital.
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Each aspect was rated out of 10 points, with
higher scores indicating better outcomes.

Secondary outcome measures: (1) Clinical
baseline data: Baseline data were assessed
and compared between the two groups to
ensure initial comparability. (2) Dental restora-
tion and Rapid Upper Limb Assessment (RULA)
scores: The ergonomic impact on dentists dur-
ing procedures was evaluated using RULA
scores, which assess posture, strength load,
and muscle use in arms, wrists, neck, torso,
and legs. Each component was scored based
on predetermined criteria, with final composite
scores ranging from 1 to 7.

Five-year implant survival rate: The long-term
success of the implants was assessed by cal-
culating the 5-year survival rate, with contribut-
ing factors analyzed using multivariate logistic
regression.

Statistical analysis

Data analysis was performed using SPSS20.0
(SPSS Co., Ltd., Chicago, USA). Descriptive data
were expressed as percentage (%), and ana-
lyzed using the chi-square test, presented as
x2. Measurement data following a normal dis-
tribution were compared using independent
t-tests between groups, while paired t-tests
were used within each group to assess chang-
es over time. Multivariate logistic regression
analysis was utilized to explore factors influenc-
ing implant retention. A p-value <0.05 was con-
sidered statistically significant.

Results
Comparison of baseline data

No significant differences were observed bet-
ween the groups in terms of sex, age, duration,
type and location of dental defects, teeth clean-
ing habits, smoking history, and alcohol use (all
P>0.05, Table 1).

Comparison of labial gingival marginal discrep-
ancy

Post-treatment, the observation group exhibit-

ed significantly lower labial vertical marginal
discrepancy and absolute marginal discrepan-
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Table 1. Comparison of baseline data

Observation group (n=46) Control group (n=43) X2/t P
Sex 0.510 0.475
Male 27 (58.70) 22 (51.16)
Female 19 (41.30) 21 (48.84)
Age (years) 4752+7.31 46.44+6.84 0.718 0.474
Duration of tooth defect (years) 2.37+0.61 2.12+0.73 1.757 0.082
Type of tooth defect 0.568 0.451
Wedge-shaped teeth defect 24 (52.17) 19 (44.19)
Wear-type teeth defect 22 (47.83) 24 (55.81)
Location of teeth defect 0.457 0.499
Anterior teeth area 14 (30.43) 16 (37.21)
Posterior area 32 (69.57) 27 (62.79)
Tooth cleaning method 0.163 0.687
Correct 37 (80.43) 36 (83.72)
Incorrect 9 (19.57) 7 (16.28)
Smoking history 0.215 0.643
Yes 16 (34.78) 17 (39.53)
No 30 (65.22) 26 (60.47)
Alcohol use 0.499 0.480
Yes 9 (19.57) 6 (13.95)
No 37 (80.43) 37 (86.05)
Comorbidities (hypertension or diabetes) 0.069 0.793
Yes 14 (30.43) 12 (27.91)
No 32 (69.57) 31 (72.09)
Treatment history related to oral defects 0.182 0.670
Yes 10 (21.74) 11 (25.58)
No 36 (78.26) 32 (74.42)

Table 2. Comparison of labial gingival marginal discrepancy

compared to the control group

Vertical marginal
discrepancy

Absolute marginal
discrepancy

(both P<0.001, Table 3).

Observation group (n=46) 45.58+11.01
Control group (n=43) 84.36+£16.24
t 13.263
P value <0.001

Comparison of tooth prepara-

51.36+9.34 AL

97.36+15.18 tion indices
17.342 Observations of tooth prepa-
<0.001

ration indices indicated that

cy compared to the control group (both
P<0.001, Table 2).

Comparison of labial gingival index and peri-
odontal probing depth

Initially, there were no significant differen-
ces between the groups in labial gingival in-
dex and periodontal probing depth (both
P>0.05). However, post-treatment, the obser-
vation group showed significantly reduced labi-
al gingival index and periodontal probing depth

3910

the observation group achiev-
ed significantly higher scores in efficiency, ac-
curacy, and quality of tooth preparation com-
pared to the control group (both P<0.001, Table
4).

Comparison of RULA scores
RULA scores were significantly lower for doc-
tors in the observation group than those in the

control group, indicating better ergonomic prac-
tices (P<0.001, Table 5).
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Table 3. Comparison of labial gingival index and periodontal probing
depth

Periodontal probing

Gingival index depth (mm)

Before After Before After
treatment treatment  treatment treatment

Observation group (n=46) 0.67+0.13 0.38+0.08" 1.86+0.19 1.56+0.11"
Control group (n=43) 0.65+0.11 0.50+0.05* 1.90+0.17 1.74+0.08*
t 0.781 8.417 1.044 8.778
P value 0.437 <0.001 0.299 <0.001

Notes: “indicates P<0.001 vs. the observation group before treatment. *indicates
P<0.001 vs. the control group before treatment.

Table 4. Comparison of tooth preparation indexes

Efficiency of tooth  Accuracy of Quality of
preparation preparation preparation
Observation group (n=46) 9.35+0.59 9.21+0.84 9.32+0.61
Control group (n=43) 7.72+0.38 7.9410.62 8.11+0.47
t 15.376 8.069 10.430
P <0.001 <0.001 <0.001

Discussion

The prevalence of oral dis-
eases is increasing rapid-
ly, highlighting the signifi-
cance of effective oral
restoration treatments in
stomatology [10]. Achiev-
ing optimal gingival mar-
gin closure is crucial in
dental preparations to
ensure the effectiveness
and comfort of dental res-
torations [11, 12]. Inade-
quate closure can lead to
gaps at the gingival mar-
gin, fostering an environ-
ment conducive to bac-
terial accumulation. Over
time, this can trigger vari-
ous periodontal inflamma-
tory responses and poten-

tially damage periodontal

Table 5. Comparison of RULA scores

Observation Control group
group (n=46) (n=43)
RULA score 3.3510.24 5.95+0.42
t 36.152
P <0.001

RULA: Dental Restoration and Rapid Upper Limb Assess-
ment.

Univariate analysis of the factors influencing
5-year implant survival

Among the 124 implants analyzed from 89
patients, 109 were successfully retained after
five years, yielding a survival rate of 87.90%.
Univariate analysis suggested that age, type
of tooth defect, location of tooth loss, oral
hygiene practices, and use of a microscope
during prosthetic preparation may influence
implant retention (Table 6).

Multivariate analysis

Further multivariate analysis identified higher
age, worn tooth defects, poor oral hygiene, and
non-use of a microscope during prosthetic
preparation as independent risk factors for
implant failure (Table 7).
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tissues [13, 14].

In this study, the observation group demon-
strated significantly lower labial vertical mar-
ginal discrepancy and absolute marginal dis-
crepancy than the control group after treat-
ment, underscoring the effectiveness of micro-
scopes in precise minimally invasive dental res-
toration. The use of microscopes during dental
procedures allows dentists to enhance tooth
preparation, thereby preserving more healthy
dental tissue and minimizing damage [15].
Furthermore, the observation group showed
significantly lower labial gingival index and labi-
al periodontal probing depth compared to the
control group. This improvement likely results
from the enhanced adaptation and marginal
quality of restorations facilitated by micro-
scope-guided procedures, which in turn reduce
gingival inflammation and periodontal tissue
stimulation.

Quantitative evaluation of operational effec-
tiveness, accuracy, and quality in the restora-
tion process helps both dentists and patients
better understand the treatment outcomes
[16]. This study revealed that the observation
group achieved higher scores in efficiency, ac-
curacy, and quality of tooth preparation, illus-
trating the benefits of microscope-guided preci-
sion in dental restoration. Enhanced vision and
clarity provided by microscopes contribute to
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Table 6. Univariate analysis

Factor Implant survival (n=109) Failure (n=15) X2/t P-value
Sex 0.724 0.395
Male 60 (55.05) 10 (66.67)
Female 49 (44.95) 5(33.33)
Age (Y) 47.15+6.67 53.13+7.01 3.236 0.002
Age of missing teeth (years) 2.25+0.68 2.40+0.63 0.808 0.421
Types of tooth defects 6.480 0.011
Wedge-shaped tooth defect 60 (55.05) 3(20.00)
Worn tooth defect 49 (44.95) 12 (80.00)
Tooth loss location 4.831 0.028
Anterior dental region 34 (31.19) 9 (60.00)
Posterior dental region 75 (68.81) 6 (40.00)
Oral hygiene practices 4.848 0.028
Correct 93 (83.78) 9 (60.00)
Incorrect 18 (16.22) 6 (40.00)
Smoking history 1.928 0.165
Yes 38 (34.86) 8 (53.33)
No 71 (65.14) 7 (46.67)
Alcohol use 0.744 0.388
Yes 19 (17.43) 4 (26.67)
No 90 (82.57) 11 (73.33)
Use of microscope to prepare the prosthesis 4.835 0.028
Yes 62 (56.88) 4 (26.67)
No 47 (43.12) 11 (73.33)
Table 7. Multivariate analysis
Factor B P-value Exp (B)
Age 0.244 0.001 1.276 (1.103-1.477)
Types of tooth defects -2.231 0.012 0.107 (0.019-0.606)
Tooth loss location -0.189 0.804 0.828 (0.186-3.684)
Oral hygiene practices -2.341 0.006 0.096 (0.018-0.504)
Use of a microscope used to prepare the prosthesis -2.522 0.005 0.080 (0.014-0.471)

more accurate and efficient dental procedures,
allowing dentists to make precise adjustments
in preparation shape, marginal quality, and
adaptability [17, 18].

Additionally, this study noted significantly lower
RULA scores among dentists in the observation
group compared to those in the control group,
indicating improved working posture and ergo-
nomic alignment. The magnification and illumi-
nation provided by microscopes enable den-
tists to better observe and address oral issues,
adjust their posture, and experience less mus-
cle fatigue and discomfort in the upper limbs
[19-21].
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The 5-year implant survival rate observed was
87.90%. Multivariate analysis identified higher
age, the presence of worn tooth defects, poor
oral hygiene, and non-use of a microscope for
prosthetic preparation as independent risk fac-
tors for implant failure.

This research underscores the significant role
of microscopes in enhancing the precision, effi-
ciency, and ergonomic benefits of minimally
invasive dental restoration, advocating for their
wider adoption in clinical practice.

The identification of independent risk factors
contributing to implant failure provides crucial
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insights for enhancing the success rates of
dental implant procedures. First, the associa-
tion between higher age and implant failure
underscores the necessity for tailored treat-
ment planning for older patients. Age-related
factors such as diminished bone density and
compromised healing abilities may elevate the
risk of implant failure [22, 23]. It is advisable
for dentists to consider these factors when
assessing the suitability of implant placement
in this demographic and to implement strate-
gies to enhance implant stability and longevity.

The identification of worn tooth defects as a
risk factor highlights the importance of a com-
prehensive assessment and treatment of exist-
ing dental conditions prior to implant place-
ment. Patients with worn tooth defects might
face challenges like occlusal instability or brux-
ism, which can adversely affect the success of
dental implants [23]. Addressing these condi-
tions with appropriate treatment strategies can
significantly enhance implant success rates.

Poor oral hygiene is well-recognized as a poten-
tial risk factor for implant failure [24]. It can
lead to the accumulation of plaque and bacte-
ria around the implant site, resulting in peri-
implantitis and potential implant failure. Em-
phasizing patient education on proper oral
hygiene practices and regular professional
maintenance is critical to minimizing these
risks [25, 26].

Moreover, non-use of a microscope for pros-
thetic preparation has emerged as an indepen-
dent risk factor for implant failure. The use of
microscopes in dental procedures enhances
visualization, precision, and accuracy, leading
to better-fitting restorations and improved long-
term implant outcomes. Dental professionals
should be encouraged to integrate such ad-
vanced technologies into their practice to opti-
mize treatment results.

This study also acknowledges certain limita-
tions. The influence of dental restoration ex-
tends beyond prosthetic materials and devic-
es; it also depends on the dentists’ skills and
experience. The retrospective nature of the
analysis and the limited follow-up period restri-
ct our understanding of long-term patient out-
comes, introducing potential biases. Addition-
ally, the small sample size of failed cases rela-
tive to the number of variables increases the
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risk of spurious associations, highlighting the
need for cautious interpretation of the results
and further validation with larger, prospective
randomized controlled trials. The observed
wide range of 95% confidence intervals also
suggests model instability.

In conclusion, the utilization of microscopes in
precise minimally invasive dental restoration
has demonstrated positive clinical outcomes,
playing a critical role in enhancing the efficien-
cy and quality of provisional restorations and
providing ergonomic benefits for dentists.
Therefore, the widespread adoption and pro-
motion of microscopes in dental practices are
highly recommended due to their significant
clinical values.
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