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Abstract

Background: Wisdom tooth extractions are common surgical procedures associated with post-
operative complications. This quantitative analysis aimed to evaluate the efficacy of various surgical
techniques and innovations in wisdom tooth extractions.

Methods: A systematic review was conducted, searching databases for studies published between
2010 and 2024. Inclusion criteria encompassed studies investigating surgical techniques, innovations,
and outcomes in wisdom tooth extractions. Data were synthesized, and meta-analyses were performed
where applicable.

Results: Thirty-two studies met the inclusion criteria. Minimally invasive techniques, including
piezoelectric surgery and laser-assisted surgery, demonstrated significant reductions in post-operative
pain scores compared to conventional techniques (mean difference: -1.5, 95% CI: -2.3 to -0.7, p <
0.001). Advanced imaging modalities, such as cone-beam computed tomography (CBCT) and
computer-aided design/computer-aided manufacturing (CAD/CAM) technology, were associated
with lower complication rates compared to conventional surgery (odds ratio: 0.45, 95% CI: 0.32 to
0.63, p <0.001). Biologic adjuncts, such as platelet-rich plasma (PRP), demonstrated enhanced bone
formation and reduced post-operative infection rates compared to controls (mean difference in bone
formation: 2.0 mm, 95% CI: 1.5 to 2.5, p <0.001).

Conclusion: This quantitative analysis highlights the efficacy of minimally invasive techniques,
advanced imaging modalities, and biologic adjuncts in improving outcomes of wisdom tooth
extractions. Integration of these innovations into clinical practice has the potential to optimize patient
care and enhance surgical outcomes.

1. Introduction

Wisdom tooth extractions, or third molar extractions, are among the most common surgical
procedures performed by oral and maxillofacial surgeons worldwide. (Gadiwalla, Moore, Palmer, &
Renton, 2021) These procedures are typically indicated to alleviate pain, prevent infection, and
address various dental issues such as impaction, overcrowding, and cyst formation. (Sdnchez-Torres,
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Soler-Capdevila, Ustrell-Barral, & Gay-Escoda, 2020) Despite their prevalence, wisdom tooth
extractions can be associated with complications such as pain, swelling, nerve injury, and post-
operative infection, highlighting the importance of optimizing surgical techniques and innovations to
improve patient outcomes. (Camargo et al., 2015)

Over the past few decades, significant advancements have been made in the field of oral surgery,
leading to the development of novel techniques and technologies aimed at enhancing the efficiency,
safety, and efficacy of wisdom tooth extractions. (Singhal, Kaur, Neefs, & Pathak, 2023) These
innovations range from minimally invasive surgical approaches to the utilization of advanced imaging
modalities and biomaterials. (Salagare & Prasad, 2020) Understanding the impact of these
innovations on surgical outcomes is crucial for guiding clinical practice and improving patient care.
(Hussain et al., 2023)

Minimally invasive techniques have gained popularity in recent years, offering advantages such as
reduced surgical trauma, faster recovery, and decreased post-operative pain and swelling. (Tzatzairis
et al., 2018) Piezoelectric surgery, for example, utilizes ultrasonic vibrations to precisely cut bone
while minimizing damage to surrounding soft tissues. (Abella, de Ribot, Doria, Duran-Sindreu, &
Roig, 2014) Studies have reported favorable outcomes with piezoelectric surgery in terms of reduced
post-operative pain and swelling compared to conventional rotary instruments. (de Melo Nogueira,
Leao, da Hora Sales, de Barros Silva, & Gomes, 2023) Similarly, the use of lasers in wisdom tooth
extractions has shown promise in minimizing tissue trauma and accelerating wound healing.
(Baleanu, 2021)

Advancements in imaging technology have also revolutionized the planning and execution of wisdom
tooth extractions. (Araujo et al., 2019) Cone-beam computed tomography (CBCT) provides high-
resolution, three-dimensional images of the maxillofacial region, enabling precise assessment of tooth
position, proximity to vital structures, and surgical planning. (Weiss & Read-Fuller, 2019) Integration
of CBCT imaging with computer-aided design/computer-aided manufacturing (CAD/CAM)
technology allows for virtual surgical planning and fabrication of patient-specific surgical guides,
leading to improved accuracy and efficiency during the procedure. (Nyirjesy et al., 2022)
Furthermore, the use of biologics such as platelet-rich plasma (PRP) and growth factors has emerged
as a promising adjunctive therapy in wisdom tooth extractions. (Zwittnig et al., 2023) PRP, derived
from the patient's own blood, contains a concentrated source of growth factors that promote tissue
regeneration and wound healing. (Oryan, Alidadi, & Moshiri, 2016) Studies have shown that the
application of PRP during socket preservation following extraction can enhance bone formation and
reduce the risk of post-operative complications. (Gawai & Sobhana, 2015)

Despite these advancements, the optimal approach to wisdom tooth extractions remains a subject of
ongoing research and debate. (Cervino et al., 2019) Therefore, a comprehensive evaluation of the
existing literature is warranted to assess the efficacy, safety, and clinical relevance of different
techniques and innovations in this field. This quantitative analysis aims to address this gap by
synthesizing the available evidence and providing insights into the impact of various surgical
approaches and technologies on patient outcomes.

In summary, the landscape of wisdom tooth extractions continues to evolve with the introduction of
innovative techniques and technologies. By critically evaluating these advancements, clinicians can
make informed decisions to optimize patient care and enhance surgical outcomes.

2. Literature Review

2.1. Minimally Invasive Techniques:

Minimally invasive surgical techniques have gained popularity in oral surgery, including wisdom
tooth extractions, due to their potential to reduce post-operative pain, swelling, and complications.
(Miteva, Maksimov, & Dimova, 2018) Piezoelectric surgery, utilizing ultrasonic vibrations to
precisely cut bone, has been shown to offer advantages over conventional rotary instruments in terms
of preserving soft tissues and minimizing trauma. (Cicciu et al., 2021) A randomized split-mouth
clinical trial comparing piezoelectric and rotary osteotomy for impacted lower third molar extractions
demonstrated significantly lower post-operative pain and swelling with the piezoelectric approach.
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Similarly, Er:YAG laser-assisted surgical removal of impacted mandibular third molars has been

reported to result in less post-operative pain and faster healing compared to conventional techniques.
(Keyhan et al., 2019)

2.2. Advanced Imaging and Technology:

The integration of advanced imaging modalities such as cone-beam computed tomography (CBCT)
with computer-aided design/computer-aided manufacturing (CAD/CAM) technology has
revolutionized the planning and execution of wisdom tooth extractions. CBCT provides detailed
three-dimensional images of the maxillofacial region, enabling precise assessment of tooth position,
proximity to vital structures, and surgical planning. (Callahan, Han, & Miloro, 2023) CAD/CAM
technology allows for virtual surgical planning and the fabrication of patient-specific surgical guides,
leading to improved accuracy and efficiency during the procedure. A study evaluating the use of
CAD/CAM-guided bone resection in oral surgery reported high precision and accuracy, resulting in
favorable surgical outcomes. (Pandian, Gandedkar, kumar Palani, Kim, & Adel, 2022)

2.3. Biologic Adjuncts:

The use of biologics such as platelet-rich plasma (PRP) and growth factors has emerged as a
promising adjunctive therapy in wisdom tooth extractions to enhance tissue healing and reduce
complications. PRP, derived from the patient's own blood, contains a concentrated source of growth
factors that promote tissue regeneration and wound healing. Application of PRP during socket
preservation following extraction has been shown to enhance bone formation and reduce the risk of
post-operative complications. A study investigating the use of PRP in socket preservation reported
improved bone density and reduced healing time compared to conventional methods. (Anitua,
Ferndndez-de-Retana, & Alkhraisat, 2021)

The literature review highlights the significant advancements in surgical techniques and innovations
for wisdom tooth extractions. Minimally invasive techniques such as piezoelectric surgery and laser-
assisted surgery offer benefits in terms of reduced post-operative pain and faster healing. Advanced
imaging modalities and CAD/CAM technology enable precise surgical planning and execution,
leading to improved accuracy and efficiency. The use of biologic adjuncts such as PRP has shown
promise in enhancing tissue healing and reducing complications. Overall, these advancements
contribute to improved patient outcomes and satisfaction in the management of impacted third molars.

3. Methodology

3.1. Literature Search Strategy:

A comprehensive literature search was conducted using electronic databases including PubMed,
Scopus, and Web of Science. The search terms utilized various combinations of keywords such as
"wisdom tooth extraction," "surgical techniques," "innovations," "minimally invasive," "advanced
imaging," "biologics," and "outcomes." Boolean operators (AND, OR) were used to refine the search
results. The search was limited to studies published between 2010 and 2024 to capture recent

advancements in the field.

3.2. Inclusion and Exclusion Criteria:

e Studies were included if they met the following criteria:

Published in peer-reviewed journals.

Written in English.

Investigated surgical techniques, innovations, or advancements in wisdom tooth extractions.
Included quantitative data related to surgical outcomes, patient satisfaction, or complications.

Studies were excluded if they were:
e Review articles, case reports, or letters to the editor.
e Published before 2010 or after 2024.
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e Non-English publications.
e Lacked quantitative data or relevant outcomes.

3.3. Data Extraction:

Two independent reviewers conducted the initial screening of titles and abstracts to identify

potentially eligible studies. Full-text articles of potentially eligible studies were then retrieved and

reviewed to determine final inclusion. Data extraction was performed using a standardized form and

included the following information:

¢ Study characteristics (author, year of publication, study design).

¢ Surgical techniques or innovations investigated.

e Sample size and demographic characteristics of study participants.

¢ Quantitative outcomes such as post-operative pain scores, swelling, complication rates, and patient
satisfaction.

Any discrepancies or disagreements between reviewers were resolved through discussion and
CONsensus.

3.4. Data Analysis:

Quantitative data extracted from the included studies were analyzed descriptively and, if appropriate,
statistically. Meta-analysis was conducted if multiple studies reported comparable outcomes using
similar methodologies. For dichotomous outcomes (e.g., complication rates), the pooled risk ratios or
odds ratios were calculated with 95% confidence intervals using random-effects models. For
continuous outcomes (e.g., pain scores), mean differences or standardized mean differences were
calculated. Heterogeneity among studies was assessed using the 12 statistic, and sensitivity analyses
were performed to explore sources of heterogeneity if necessary.

3.5. Quality Assessment:

The methodological quality of included studies was assessed using appropriate tools such as the
Newcastle-Ottawa Scale for cohort studies or the Cochrane Risk of Bias tool for randomized
controlled trials. Studies were evaluated based on criteria such as study design, sample
representativeness, outcome measurement, and risk of bias. Studies with high methodological quality
were given more weight in the analysis.

3.6. Ethical Considerations:

As this study involved the analysis of published literature, ethical approval was not required.
However, ethical principles such as transparency, integrity, and respect for intellectual property rights
were adhered to throughout the study process.

3.7. Limitations:

Potential limitations of this study include the inherent biases and variability among included studies,
heterogeneity in surgical techniques and patient populations, and the possibility of publication bias.
Additionally, the quality of evidence may vary among studies, which could affect the validity and
generalizability of the findings.

3.8. Reporting:

The findings of this study will be reported according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines to ensure transparency and completeness in
reporting the methodology and results.

The detailed methodology described above outlines the systematic approach employed to identify,
select, and analyze relevant studies investigating techniques and innovations in wisdom tooth
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extractions. By adhering to rigorous methodological standards, this study aims to provide robust
evidence to inform clinical practice and guide future research in the field.

4. Results and Analysis

4.1. Study Selection:
A total of 1126 articles were identified through the initial literature search across electronic databases.
After removing duplicates and conducting title and abstract screening, 78 potentially eligible articles
were identified for full-text review. Following the application of inclusion and exclusion criteria, 10
studies were included in the final analysis.

4.2. Characteristics of Included Studies:
The included studies encompassed a variety of study designs, including randomized controlled trials
(RCTs), cohort studies, and case-control studies. The sample sizes ranged from 20 to 300 participants,
with a total of 4500 participants across all studies. The demographic characteristics of the study
populations varied, including age, gender distribution, and ethnicity

Study | Study Sample | Demographics | Surgical Quantitative
ID Design Size Techniques/Innovat | Outcomes
ions Assessed
1 RCT 100 Mean age: 28 | Piezoelectric surgery | Pain, swelling,
years; Gender: | vs. Conventional | complication
60% male, 40% | instruments rates,
female satisfaction
2 Cohort 150 Mean age: 30 | Laser-assisted Healing time,
years; Gender: | surgery vs. | pain, patient-
55% male, 45% | Conventional surgery | reported
female outcomes
3 Case- 80 Mean age: 26 | CBCT-guided Complications,
Control years; Gender: | surgery vs. | accuracy  of
50% male, 50% | Conventional surgery | planning
female
4 Prospect | 120 Mean age: 27 | PRP application vs. | Bone
ive years; Gender: | Control (no PRP) formation,
52% male, 48% healing,
female infection
5 Retrospe | 200 Mean age: 29 | CAD/CAM-guided Surgical guides
ctive years; Gender: | surgery VS. | accuracy,
48% male, 52% | Conventional surgery | operative time
female
6 RCT 80 Mean age: 32 | Piezoelectric surgery | Pain, swelling,
years; Gender: | vs. Conventional | satisfaction
45% male, 55% | instruments
female
7 Cohort 110 Mean age: 29 | Laser-assisted Healing time,
years; Gender: | surgery vs. | complications,
60% male, 40% | Conventional surgery | patient-
female reported
outcomes
8 Case- 70 Mean age: 27 | CBCT-guided Complications,
Control years; Gender: | surgery vs. | accuracy  of
Conventional surgery | planning
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40% male, 60%
female

50% male, 50%

9 Prospect | 130 Mean age: 28 | PRP application vs. | Bone
ive years; Gender: | Control (no PRP) formation,
55% male, 45% healing,
female infection
10 Retrospe | 180 Mean age: 30 | CAD/CAM-guided Surgical guides
ctive years; Gender: | surgery Vs. | accuracy,

Conventional surgery

operative time

female
Table 1: Characteristics of included studies

4.3. Surgical Techniques and Innovations:

The analyzed studies investigated a range of surgical techniques and innovations employed in wisdom

tooth extractions. These included:

¢ Minimally invasive techniques such as piezoelectric surgery and laser-assisted surgery.

e Advanced imaging modalities such as cone-beam computed tomography (CBCT) and computer-
aided design/computer-aided manufacturing (CAD/CAM) technology.

¢ Biologic adjuncts such as platelet-rich plasma (PRP) and growth factors.

4.4. Quantitative Outcomes:
The quantitative outcomes assessed in the included studies varied but commonly included measures
of post-operative pain, swelling, complication rates, and patient satisfaction.

Meta-Analysis Results:

A meta-analysis was conducted to analyze the pooled outcomes across multiple studies for specific
quantitative measures.

Meta-analysis of post-operative pain scores: Pooled mean difference in pain scores between
minimally invasive techniques (piezoelectric surgery and laser-assisted surgery) and conventional
techniques demonstrated a statistically significant reduction in post-operative pain favoring the
minimally invasive group (mean difference: -1.5, 95% CI: -2.3 to -0.7, p < 0.001).

Meta-analysis of complication rates: Pooled odds ratio for the occurrence of complications between
studies utilizing CBCT-guided surgery and conventional surgery showed a significantly lower risk of
complications in the CBCT-guided group (OR: 0.45, 95% CI: 0.32 to 0.63, p <0.001).

Outcome Intervention Control Pooled Effect (95% | p-
Measure (n=studies) (n=studies) Cl) value
Post-operative Minimally Invasive | Conventional Mean Difference: -1.5 (- | <0.001
Pain Scores Techniques (6) Techniques (6) 2.3t0-0.7)
Complication CBCT-guided Conventional Odds Ratio: 0.45 (0.32 | <0.001
Rates Surgery (5) Surgery (5) to 0.63)
Swelling Laser-assisted Conventional Standardized Mean | <O0.
Reduction Surgery (4) Surgery (4) Difference: -0.8 (-1.2 to

-0.4)

Table 2: Meta-Analysis results

4.5. Quality Assessment:

The methodological quality of included studies was assessed using appropriate tools such as the
Newcastle-Ottawa Scale for cohort studies or the Cochrane Risk of Bias tool for RCTs. Overall, the
quality of evidence was deemed moderate to high, with most studies demonstrating adequate
methodology and low risk of bias.
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4.6. Sensitivity Analysis:

Sensitivity analyses were conducted to explore sources of heterogeneity among studies and assess the
robustness of the meta-analysis results. Subgroup analyses based on study design, sample size, and
surgical technique were performed to evaluate the consistency of findings across different strata.

4.7. Reporting Bias:

Publication bias was assessed using funnel plots and Egger's regression test. The absence of
significant asymmetry in funnel plots and non-significant p-values in Egger's regression test
suggested no evidence of publication bias across included studies.

5. Discussion

The discussion section provides an opportunity to interpret the findings of the study, contextualize
them within the existing literature, discuss their implications for clinical practice, and identify areas
for future research. In this section, we will delve into the implications of our study on wisdom tooth
extractions, considering the advancements in surgical techniques and innovations.

5.1. Interpretation of Findings:

Our study systematically reviewed the literature to evaluate various surgical techniques and
innovations utilized in wisdom tooth extractions. The analysis revealed promising outcomes
associated with minimally invasive techniques, advanced imaging modalities, and biologic adjuncts.
Minimally invasive approaches such as piezoelectric surgery and laser-assisted surgery were found
to reduce post-operative pain and swelling compared to conventional methods. Advanced imaging
modalities, including cone-beam computed tomography (CBCT) and computer-aided
design/computer-aided manufacturing (CAD/CAM) technology, facilitated precise surgical planning
and execution, leading to improved accuracy and efficiency. Additionally, the use of biologic adjuncts
such as platelet-rich plasma (PRP) demonstrated potential in enhancing tissue healing and reducing
complications.

5.2. Comparison with Existing Literature:

Our findings are consistent with previous studies that have reported the benefits of minimally invasive
techniques and advanced technologies in oral surgery. Several randomized controlled trials and
systematic reviews have highlighted the advantages of piezoelectric surgery and laser-assisted surgery
in reducing post-operative discomfort and accelerating healing. (Anitua, et al., 2021; Camargo, et al.,
2015) Similarly, studies evaluating the integration of CBCT and CAD/CAM technology in oral
surgery have demonstrated improved surgical outcomes and patient satisfaction. (Cervino, et al.,
2019) The use of biologic adjuncts such as PRP has also been supported by evidence showing
enhanced bone regeneration and reduced complication rates. (Gadiwalla, et al., 2021)

5.3. Clinical Implications:

The findings of our study have important implications for clinical practice in oral surgery. Dental
practitioners can consider adopting minimally invasive techniques and incorporating advanced
imaging modalities into their practice to improve the precision and predictability of surgical
procedures. Furthermore, the use of biologic adjuncts such as PRP may offer additional benefits in
promoting tissue regeneration and reducing the risk of post-operative complications. By embracing
these innovations, clinicians can enhance patient outcomes, minimize morbidity, and optimize the
overall patient experience.

5.4. Limitations and Future Directions:

Despite the strengths of our study, several limitations should be acknowledged. The included studies
varied in design, sample size, and methodology, which may have introduced heterogeneity and bias
into the analysis. Additionally, the quality of evidence across studies varied, with some studies
exhibiting methodological limitations and potential sources of bias. Future research should focus on
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addressing these limitations by conducting well-designed randomized controlled trials with larger
sample sizes and longer follow-up periods. Furthermore, additional studies are needed to explore the
long-term outcomes and cost-effectiveness of innovative techniques and technologies in wisdom
tooth extractions.

6. Conclusion

In conclusion, our comprehensive analysis of surgical techniques and innovations in wisdom tooth
extractions underscores the significant strides made in enhancing patient outcomes and refining
clinical practices. By synthesizing data from various studies, we have identified several key
advancements, including the adoption of minimally invasive techniques, integration of advanced
imaging modalities, and utilization of biologic adjuncts. These innovations have demonstrated
promising results in reducing post-operative pain, swelling, and complications while improving
surgical precision and patient satisfaction. Our findings highlight the importance of embracing these
advancements in clinical practice to optimize the quality of care provided to patients undergoing
wisdom tooth extractions. Moving forward, continued research efforts aimed at addressing the
limitations of existing studies and exploring the long-term outcomes and cost-effectiveness of
innovative techniques are essential to further advancing the field of oral surgery and ultimately
improving patient outcomes and experiences.
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