
healthcare

Article

The Evaluation of Further Complications after the Extraction of
the Third Molar Germ: A Pilot Study in Paediatric Dentistry

Giacomo D’Angeli 1, Francesca Zara 1,* , Iole Vozza 1 , Francesco Maria D’Angeli 2 and Gian Luca Sfasciotti 1

����������
�������

Citation: D’Angeli, G.; Zara, F.;

Vozza, I.; D’Angeli, F.M.; Sfasciotti,

G.L. The Evaluation of Further

Complications After the Extraction of

the Third Molar Germ: A Pilot Study

in Paediatric Dentistry. Healthcare

2021, 9, 121. https://doi.org/10.3390/

healthcare9020121

Academic Editor: Takahiro Kanno

Received: 9 December 2020

Accepted: 22 January 2021

Published: 25 January 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Oral and Maxillo-Facial Sciences, Sapienza University of Rome, 00161 Rome, Italy;
giac.dangeli@gmail.com (G.D.); iole.vozza@uniroma1.it (I.V.); gianluca.sfasciotti@uniroma1.it (G.L.S.)

2 Department of Anesthesiology and Intensive Care, Sapienza University of Rome, 00161 Rome, Italy;
francescomaria.dangeli@uniroma1.it

* Correspondence: francescazara94@gmail.com

Abstract: Some authors suggest germectomy to prevent the impaction of mandibular third molars,
which can cause anterior crowding. The aim of the study, conducted with 2 years of follow-up,
was to clarify when the extraction of the germ of the third molar is optimal, together with possible
post-operative complications. A new surgical approach was performed through the application of a
combined suture, which can provide better wound healing. The study was performed on 25 patients
with a mean age of 15.44 ± 2.06. Based on orthodontic and surgical indications, 46 germectomies
were performed. Follow-ups were conducted after 1 week, 2 weeks, 4 weeks, 1 year and 2 years.
All procedures were carried out by the same operator and were standardized. Data analysis was
conducted using R-Software. Statistical evaluation used the chi-squared test and the Monte Carlo test.
The level of significance was set as 0.05. Results showed that out of 46 germectomies, the prevalence
of complications was 4.2% for two patients (8%). Both complications were observed in male patients.
In the first case, the patient (at Nolla stage 7) showed delayed onset infections after four weeks;
in the second case, the patient (at Nolla stage 6) showed bleeding immediately after surgery and
suture. With reference to delayed onset infections, no statistically significant association was found
among gender (χ2 = 0.719; p = 0.396), germ development stage (χ2 = 2.595; p = 0.658) or Winter’s
classifications (χ2 = 0.046; p = 0.829); similarly, no significant associations were found among bleeding,
gender (χ2 = 0.719; p = 0.396), germ development stage (χ2 = 2.595; p = 0.658) or Winter’s classification
(χ2 = 0.046; p = 0.829). From our results, it is also possible to state that post-operative complications
following germectomy of the mandibular third molar germ in adolescence occur in a significantly
reduced percentage of patients, so this oral surgery treatment becomes a reliable surgical technique
in adolescence.

Keywords: lower third molar; germectomy; pediatric dentistry; complications; suturing techniques

1. Introduction

The term germectomy refers to the extraction of a dental element during its growth,
when the crowns and the roots have not yet completed their development. This is an
elective surgery, performed after an accurate diagnosis and included in specific treatment
plans, especially regarding mandibular third molars, which have a high probability to
be impacted in accordance with their development stages [1]. Allowing the growth of
the wisdom tooth is troublesome, so knowing its development stages might prevent the
recurring inclusions that occur in 24–73% of adolescents in Europe [2,3]. Development of
the wisdom tooth occurs inside the bone crypt at the mandibular surface; between the ages
of 6 and 8, the germ is located at the inner mesial corner between the ramus and the body
of the mandible, on the lower margin of the temporal crest. Between the ages of 8 and
12, the germ goes deeper into the bone and moves further from the surface. After further
development, the third molar germ moves toward the center of the mandibular body
and the connection with the cortical plate starts to close. At this point, the crypt of the
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tooth is located on the geometrical projection of the posterior extension of the line joining
the vestibular cusps of the inferior teeth. Between the ages of 12 and 16, when crown
mineralization is complete, roots develop; the germ is located behind the second molar,
which has now erupted, and lies beneath the occlusal plane [4–7]. In the late 80′s and
early 90′s, there were many opinions about etiology (the prevention and prediction of
third molar impaction). From an orthodontic point of view, the main interest was the
relapse of orthodontic treatment, which can be caused by an impacted lower third molar.
Therefore, some authors have suggested the use of germectomy treatment to prevent
inclusion of the mandibular third molars, avoiding a possible relapse of orthodontic
treatment [8]. In addition, some authors have also proved a correlation between the
inclusion and the number of roots of the third molar, the ramus and the alveolar bone
height [2,9]. Indeed, there is greater probability of inclusion in cases where the tooth
has more than two roots, the ramus has shown a lesser development or the alveolar
nerve is higher [10]. On the whole, no differences between men and women regarding
impaction are present, but it was demonstrated that facial characteristic and inclination
of eruption can influence impaction [11,12]. Indeed, people with brachycephaly have a
lower chance of having an impacted third molar than people with dolichocephaly, so the
length of the mandible and the level of crowding determine whether or not the third molar
remains impacted. Literature reports that, regarding inclination of the third molar, 41% are
impacted with mesio-angular inclination (25% vertically and 11% horizontally), suggesting
that impaction is related to the inclination of the eruption and the angle between the second
and the third molar [3,13–15]. For all of these reasons, it can be said that many aspects
influence the possible inclusion of the wisdom tooth, making it difficult to identify any
indication justifying early germ extraction. Moreover, a surgical indication for an early
extraction is justified only when the germ is close to the alveolar nerve [16]. In this way,
it is possible to prevent further complications, such as the roots being too close to the nerve,
when development of the tooth is completed, which make the surgical approach more
difficult, as it comes with a major risk of post-operative complications.

Unfortunately, few recent articles show a detailed overview of intra-operative draw-
backs or possible post-operative complications in cases of early extraction of the third molar
germ. In light of this, it still remains a challenge to recommend an immediate approach or
offer simplified management for this procedure [17–19].

In light of these considerations, the aim of the study was to investigate possible post-
operative complications with two years of follow-up together with a new surgical approach,
which was performed through the application of a combined suture, helping provide better
wound healing.

2. Materials and Methods
2.1. Study Design and Methodology

A pilot clinical trial was conducted to investigate possible post-operative complica-
tions and clarify a correct management technique for the extraction of the germ of the third
molar. This study used an experimental design based on the guidelines recommended by
the Consolidated Standard of Reporting Trials—CONSORT 2010 [20]. The study protocol
complied with the Guidelines for Good Clinical Practice, according to the Declaration
of Helsinki (1975). Regarding ethical approval, the study received the protocol number
(n. 2803-2017) from the Institutional Review Board of territorial NHS facilities. All pa-
tients with surgical or orthodontic indications were undergoing extraction of the germ
of the third molar. In accordance with the design of the study, a surgeon performed the
oral surgery operation and a different dental practitioner followed the patient during the
follow-up period.
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2.2. Sample Size Calculation

The sample size calculation was performed through G-Power analysis. The calculation
was done by setting 0.05 α, 0.8 β and 0.5 effect size. In addition, the calculation of the total
sample size shows a minimum number of 44 third molar extractions.

Dimension of Sample and Inclusion Criteria

Twenty-five patients were referred to the Oral and Maxillo-Facial Sciences Department,
Pediatric Dentistry Unit, University Hospital Policlinico Umberto I, “Sapienza” University
of Rome from December 2017 to September 2018.

Since some patients needed a bilateral extraction, 46 germectomies were performed
after prior radiographic evaluation. The sample consisted of 15 males (60%) and 10 females
(40%), with a mean age of 15.44 ± 2.06 (range 11–17 years old). Inclusion criteria were:
an age between 11–17 years old, the presence of lower third molar germs (5th, 6th, 7th and
8th stage of development according to Nolla’s classification), the absence of systemic
diseases and signed consent by the legal guardian of each subject. The exclusion criteria
were: the absence of lower third molar germs or their early growth (1st, 2nd, 3rd and
4th stage of development according to Nolla’s classification), the absence of surgical or
orthodontic indication for the potential extraction of the third molars germ, the presence of
osteolytic lesions associated with the lower third molar germ, the absence of the second
molar, the presence of systemic diseases or possible contraindications or the lack of signed
consent by the legal guardian of each subject. Crowding and malocclusion were not
discriminating parameters during the enrollment process; indeed, any malocclusion was
excluded and patients with or without crowding were included.

In accordance with the aim of the study, all germs were classified based on Winter’s
classification and Nolla’s stages [21–23]. Winter’s classification gave information about
the inclination of the third molar germ compared to the longitudinal axis of the second
molar. In accordance with the article of Barroso et al., this classification was used to better
understand the surgical approach (which is simpler when the germ has a mesio-angular
position) [21]. Alternatively, Nolla’s classification was used to standardize the stage of
development of the third molar germ (from 1st to 8th). In this way, it was possible to
understand how best to time the surgical operation.

In addition, the following parameters were considered to evaluate possible post-
operative complications: swelling, delayed onset infections, bleeding, alveolar osteitis,
paresthesia of the inferior alveolar nerve (IAN), paraesthesia of the lingual nerve (LN),
second molar restoration damage, pain and severe trisma (Tables 1 and 2) [24,25].

Table 1. Complications according to patients’ sex.

COMPLICATIONS MALES
N = 27 teeth (%)

FEMALES
N = 19 teeth (%)

Swelling 0% 0%

Delayed oneset infections 1 (3.7%) 0%

Alveolar Osteitis 0% 0%

Paresthesia of IAN 0% 0%

Lingual Paresthesia 0% 0%

Bleeding and Hemorrhage 1 (3.7%) 0%

Pain 0% 0%

2 molar restoration damage 0% 0%

Severe trisma 0% 0%
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Table 2. Complications according to the position of the impacted mandibular third molars (Winter’s
classification). B: mesio-angular position; C: vertical position [21].

COMPLICATIONS B
N = 44 teeth (%)

C
N = 2 teeth (%)

Swelling 0% 0%

Delayed oneset infections 1 (2.3%) 0%

Alveolar Osteitis 0% 0%

Paresthesia of IAN 0% 0%

Lingual Paresthesia 0% 0%

Bleeding and Hemorrhage 1 (2.3%) 0%

Pain 0% 0%

2 molar restoration damage 0% 0%

Severe trisma 0% 0%

2.3. Surgical Protocol

All procedures were carried out by the same operators and with the same assistants,
and all instruments and surgical protocols were standardized.

Firstly, mandibular nerve-block anesthesia was conducted though the use of 0.9 mL
of local anesthesia without using vasoconstrictors and 0.9 mL of local anesthesia with a
vasoconstrictor located at the buccal nerve. Secondly, a mucoperiosteal flap was incised
and elevated, followed by ostectomy of the vestibular cortex with a fissure bur in carbon
tungsten. The germ of the mandibular tooth was always dissected and its odontectomy
was performed with a spherical bur on a high velocity handpiece. We proceeded with an
avulsion of the germ fragments through college pliers or hemostat pliers (Klemmer or kelly
curve) or similar tools. The surgery ended with revision and a saline solution rinse of the
cavity followed by application of the suture (absorbable suture Ethicon Vicryl, Rapide in
polyglactin 910, with a needle 3/8 of 19 mm, USP 3/0—white) (Figure 1A–O).

Figure 1. Cont.
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Figure 1. (A) Clinical examination; (B) flap incision; (C) flap elevation; (D) ostectomy with ball and
fissure burs; (E) odontectomy with spherical bur; (F) avulsion; (G) suture (absorbable suture Ethicon
Vicryl, Rapide in polyglactin 910, with a needle 3/8 of 19 mm, USP 3/0—white).; (H–I) avulsion of
the fragments of the germ; (L): straight handpiece with the ball bur; (M) straight handpiece with
the fissure bur in carbon tungsten; (N) high velocity handpiece with spherical bur; (O) the ball,
fissure and spherical burs.

Description of the Combined Suture

As per the aim of this article, a combined suture was tested to evaluate the wound
healing process. Indeed, if the second molar was partially erupted or possessed disto-
angular inclination, it would be important to stabilize the flap beneath the second molar’s
equator to counter muscular forces. An oblique suture point was created in order to connect
the vestibular and lingual papillae distal to the second molar.

The needle was inserted from the vestibular side (2mm from gingival margin) to
oral side (slightly more than 2 mm) of distal papilla. The distance from the gingival
margin was 2mm and stitched from lingual direction to vestibular direction to stabilize the
flap (Figure 2A–C).

In addition, a Donati suture was performed by inserting the needle from the outer or
mucosa side of the first flap, 2–4 mm from the line of incision. The needle was then turned
on a plane parallel to the incision margin and with a “U” motion (Figure 2F), re-entering
from the lingual mucous side. In this way, it penetrates more apically from the lingual side,
inverting the vestibular flap. This kind of suture crosses the space between the two flaps,
emerging on the mucous side of the first flap at the same distance from the free margin
adopted for the first perforation [26] (Figure 2D–G).
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Figure 2. (A,B) The pre- and post-modified interrupted suture; (C) the modified interrupted suture; (D–G) the external
horizontal mattress suture.

According to the post-operative protocol followed after the operation, antibiotics
(1 g amoxicillin + clavulanic or macrolide antibiotic when the patient had an allergy to
a penicillin) were administered over the following six days, pain killers were given in
accordance to patients’ necessity, and Chlorhexidine 0.2% (Corsodyl spray) was given from
24 h to 7 days after the operation, 2 times a day.

Patients were informed not to rinse the mouth or spit for the first 24–48 h to stabilize
the clot [27,28]. In addition, a liquid diet for the first 3 days was prescribed, together with
specific oral habit indications.

2.4. Statistical Methodology

Data analysis was conducted using R-Software. The associations between the two
complications observed, the gender of patients, the germ development stage (Nolla) and
Winter’s classification were evaluated using a chi-squared test and a Monte Carlo test.
The level of significance was set as 0.05.

3. Results

All patients were put in a follow-up program intended for suture removal after 1 week
and meant to check wound healing and possible further complications after 2 weeks,
1 month, 1 year and 2 years [29,30]. Of the 46 extracted third molar germs, the prevalence of
complications was 4.3% (2 complications out of 46 germectomies, identified in the Table 3
with “V”), occurring in 8% of patients. Two complications were observed in two different
male patients (Table 1), according to Winter’s classification (Table 2). In the first case,
the patient, whose germ had been classified as Nolla stage 7 (Table 3), showed delayed
onset infections after one month (Table 4).
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Table 3. Complications observed during the various checks following the surgery.

COMPLICATIONS Immediately after
the Germectomy 1 week 1 month 1 year 2 year

Swelling X X X X X

Delayed oneset infections X X V X X

Alveolar Osteitis X X X X X

Paresthesia of IAN X X X X X

Lingual Paresthesia X X X X X

Bleeding and Hemorrhage V X X X X

Pain X X X X X

2 molar restoration damage X X X X X

Severe trisma X X X X X

Table 4. Complications according to Nolla’s classification of the impacted mandibular third molars.
11 third molars were in stage 5, 13 were in stage 6–7 and 9 were in stage 8.

COMPLICATIONS 5 6 7 8

Swelling 0% 0% 0% 0%

Delayed oneset infections 0% 0% 1 (7.7%) 0%

Alveolar Osteitis 0% 0% 0% 0%

Paresthesia of IAN 0% 0% 0% 0%

Lingual Paresthesia 0% 0% 0% 0%

Bleeding and Hemorrhage 0% 1 (7.7%) 0% 0%

Pain 0% 0% 0% 0%

2 molar restoration damage 0% 0% 0% 0%

Severe trisma 0% 0% 0% 0%

At the site of infection, the abscess was drained of purulent material (and treated with
antibiotics for a week). In the second case, the patient, whose germ has been classified as
Nolla stage 6 (Table 3), showed bleeding immediately after surgery and suture (Table 4).

The associations between the two complications (delayed onset infection and bleed-
ing) and patient gender, germ development stage (Nolla’s classification) and Winter’s
classification were investigated (Tables 5 and 6).

Table 5. Association between delayed onset infection and gender, Nolla’s classification and Win-
ter’s classification.

Delayed Onset χ2 Df P

Gender 0.719 1 0.369
Nolla’s classification 2.595 3 0.658

Winter’s classification 0.046 2 0.829

Table 6. Association between bleeding and gender, Nolla’s classification and Winter’s classification.

Bleeding χ2 Df P

Gender 0.719 1 0.369
Noll’s classification 2.595 3 0.658

Winter’s classification 0.046 2 0.829

During surgery, the second molar crown was never damaged. At the one-week follow-
up visit to remove the sutures, patients did not show swelling or pain. At the following
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visits, no cases of alveolar osteitis, lingual nerve and inferior alveolar nerve paresthesia or
trismus were reported.

4. Discussion

The results of this study confirm a low presence of complications when the oral
surgery treatment is performed when the germ is in the 5th, 6th or 7th of Nolla’s stages.
The study also proves the efficacy of the modified suture that was tested in the sample,
as it provided good wound healing.

The almost non-existent percentage of complications is certainly linked to the value
of Nolla’s classification, a correct surgical technique, the skills of the operator and the
compliance of the patient in accurately following the post-operative instructions [18,19,29].
Age might be the most significant factor influencing pre- and post-operative management.
Indeed, several studies have shown that adolescents have less surgical and post-operative
complications, together with a faster recovery [14,17,19].

Literature confirms and supports the concept of post-operative risks, which can
increase when there is a delay in surgery, leading to development of a germ with an
higher bone density and a complete root development. Therefore, when patients get
older, third molar extraction becomes more difficult and the procedure needs more time.
Data show that the risk of complication after third molar extraction is 1.5 higher for patients
over the age of 25 [31].

Chiapasco et al. [19] have analyzed and compared complications and side effects
after 1500 impacted third molar extractions among three groups of patients by age [19].
Group A was classified as 9–16 years old, group B as 17–24 years old and group C as over
24 years old. This study did not show any significant difference between group A and B,
while complication rate and side effects rate increased in group C. In particular, group C
experienced neurological lesions, which can be very debilitating, have further therapeutic
consequences and incur further necessities of care. The increase in complications and side
effects was correlated to patients’ age, as shown by the results of group C. These results are
in accordance with what was explained in our study and our statement that germectomy
should be performed after careful cost–benefit analysis and when specific indications
exist [32–34].

Ganss C. et al. [35], in their retrospective study, evaluated the delayed-onset infection
rate correlated to the distal space of the second molar. The ratio between the distal
space and the crown width, both measured according to Ganss’s protocol on panoramic
radiographies, was obtained for 218 germectomies performed due to orthodontic reasons in
134 patients. They observed 20 cases of infection out of 218 germectomies 2–8 weeks after
the surgery. The fact that most infections occurred after 4 weeks post-surgery, when the
effects of antibiotics and chlorhexidine oral rinse terminate (as our experience also reported),
shows that the most important risk factor is the anatomical factor. The delayed infection
rate in this study is higher than the immediate infection rate [36–43]. This low infection rate
might be related to surgical technique, operator experience or treatment with antibiotics—
all factors which have small to negligible effects at 4 weeks after the operation, when the
infection started.

Another study has shown that, among 1151 patients with symptoms, pain was the
most common symptom, followed by swelling, oral discomfort and purulent drainage. [44]
The incidence rate of said complications increased with age [45].

A prospective study evaluated surgical and post-operative complications in 9574
patients, for whom 16,127 third molars had been removed. The removal of the mandibular
third molar during adolescence induced a reduced operative and post-operative morbidity.
The study showed that an increased number of complications (alveolar osteitis, infection
and dysesthesia) occur as a result of the removal of third molars from older patients.
This study suggests that, when indications to do so exist, third molars should be removed
during adolescence, thereby reducing the incidence of post-operative morbidity [46].
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Regarding injuries to the IAN and LN, Rui Sun et al. investigated the characteristics of
the adjacent anatomy of the mandibular third molar germs (MTMG) in their study [47,48].
Patients enrolled in the study, aged between 12 and 17 years, underwent cone–beam
computed tomography (CBCT) and, subsequently, the authors analyzed structures and
parameters by comparing them with age, sex, degree of tooth development and tooth
position [49]. The chances of alteration of the cortical profile of the inferior alveolar canal
(IAC) or of the hard tissues of the germ in contact with the IAC were significantly lower
in the 12 to 13 year old group and when the Nolla stage ≤ 6, i.e., when the germ had just
completed mineralization of the crown and root development began. Anatomical features
studied by CBCT suggest that the risk of IAN and lingual nerve injury were lowest in the 12
to 13 year age group during MTMG removal. Anatomical factors for IAN injury were: the
location of the MTMG relative to the IAC, degree of inclusion and root development. [50]

Among the relationships between MTMG and IAC, IAC cortical integrity was an
important factor in predicting postoperative IAN paraesthesia, and the degree of cortical
interruption was positively correlated with IAN injury [51].

Regarding lingual nerve injury, the CBCT can only show the thickness of the lingual
bony cortex, and the lingual nerve cannot be shown in the CBCT image. Therefore,
the risk of lingual nerve injury is often assessed through observation of the lingual cortex.
The main anatomical factor evaluated for lingual nerve damage is the perforation of
the lingual cortex because the loss of lingual bone cortex in the retromolar area would
have provided for vulnerability of the lingual nerve during surgery. Perforation was
often positively associated with the angulation of mature rooted teeth [52]. After CBCT
analysis, the authors concluded that, in order to avoid a higher chance of damage to the
IAN, germectomies should be performed in the age range of 12 to 13 years old. In their
retrospective study, Zhang Z.-Q. and Zhang Q.-B. evaluated the effects of early extraction
of the immature lower third molar on the prevention of complications, particularly nerve
injury following removal of the lower third molar [53]. Patients were grouped based
on age and radiographic findings: group A ((mean age 17 years) immature teeth with
non-closed apical foramen); group B, (mean age 39 years). mature teeth with closed apical
foramen). In group A, the incidence of complications was very low (all complications
were short-term), with no nerve damage. In group B, the incidence of complications was
greater, with the presence of nerve lesions. All complications were temporary, except
for two permanent (>6 months) inferior alveolar nerve numbness complications. In this
study, early removal of the lower third molar was effective in avoiding some post-operative
complications, particularly nerve injuries. Early extraction of the lower third molar in
young people is recommended after a team consultation.

A study of 4004 patients showed a 1.5 times greater probability of complication if
the patient had their impacted third molar extracted over the age of 25, with general risk
increasing with age up to 65 years [54,55]. Similarly, in a study of 583 patients, age was
related to risk of complication [56]. Other studies also show that post-operative risks
rise in frequency with increasing age [16,57–60]. In a study in which germectomy was
performed on 300 teeth in patients aged 12–19 years, no lingual nerve injury occurred [61].
The 2007 white paper from the American Association of Maxillofacial Surgeons concluded
that early third molar removal may be associated with a lower incidence of morbidity and
less financial hardship for the patient [45,62].

A 2016 Cochrane review examined the prophylactic extraction of asymptomatic im-
pacted third molars with respect to preservation in adolescents and adults. Searching
the electronic database resulted in insufficient evidence to support or refute the need for
routine prophylactic removal of asymptomatic wisdom teeth. Cochrane concluded that
patient values and clinical skills should guide shared decision making with patients who
have asymptomatic impacted wisdom teeth [63].
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5. Conclusions

Based on the results obtained from this clinical study, it is possible to state that there
are no significant associations between gender or germ development according to Nolla or
Winter’s classification and post-operative complications. Moreover, the combined suture,
which was tested in this study, proved to be effective, helping the wound healing process
and avoiding gingival hypertrophy to the distal surface of the second molar.

Therefore, germectomy is becoming a reliable surgical technique with advantages that
must be used when there are surgical and orthodontics indications to do so. Despite the
results obtained, further studies, with a bigger sample, are necessary in order to better
evaluate possible post-operative complications and compare this combined suture with
other kinds.

Author Contributions: Conceptualization, G.D., F.Z. and G.L.S.; methodology G.D., F.Z.; soft-
ware F.M.D.; validation I.V.; formal analysis, F.M.D.; investigation G.D.; resources G.L.S.; data cu-
ration, G.L.S., F.Z.; writing—original draft preparation, F.Z.; writing—review and editing, F.Z., I.V.;
visualization, I.V.; supervision G.L.S.; project administration, G.L.S. All authors have read and agreed
to the published version of the manuscript.

Funding: The work was supported by the Department of Oral and Maxillo-Facial Science, Pediatric
Dentistry Unit, Policlinico Umberto I, Rome, Italy.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Reviewe Board (n.2803-2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data and methods used in the research were presented in sufficient
detail in the paper so that other researchers can replicate the work. Raw data must be publicly avail-
able.

Acknowledgments: All procedures performed in studies involving human participants were carried
out in accordance with the ethical standards of the institutional and/or national research committee
and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Conflicts of Interest: The authors certify that there is no conflict of interest with any financial
organization regarding the material discussed in the manuscript.

References
1. Panzoni, E. Chirurgia Estrattiva; Masson: Milan, Italy, 1986.
2. Lakhani, M.J.; Kadri, W.; Mehdi, H.; Sukhia, H.; Bano, A.; Yaqoob, S. Anterior arch crowding—A possible predictor for mandibular

third molar impaction. J. Ayub Med. Coll. Abbottabad 2011, 23, 63–65. [PubMed]
3. Carter, K.; Wortington, S. Predictors of third molar impaction: A systematic review and metaanalysis. J. Dent. Res. 2016,

95, 267–276. [CrossRef] [PubMed]
4. Gallini, G.; Raguso, C.; Contini, E. Pianificazione della germectomia dell’ottavo inferiore. Dent. Mod. 2004, 10, 71–85.
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35. Smailienė, D.; Trakinienė, G.; Beinorienė, A.; Tutlienė, U. Relationship between the position of impacted third molars and external

root resorption of adjacent second molars: A retrospective CBCT study. Medicina (Kaunas) 2019, 55, 305. [CrossRef] [PubMed]
36. Monaco, G.; Cecchini, S.; Gatto, M.R.; Pelliccioni, G.A. Delayed onset infections after lower third molar germectomy could be

related to the space distal to the second molar. Int. J. Oral Maxillofac. Surg. 2016, 46, 373–378. [CrossRef] [PubMed]
37. Figueiredo, R.; Valmaseda-Castellon, E.; Berini-Aytes, L.; Gay-Escoda, C. Delayed-onset infections after lower third molar

extraction: A case-control study. J. Oral Maxillofac. Surg. 2007, 65, 97–102. [CrossRef] [PubMed]
38. Figueiredo, R.; Valmaseda-Castellon, E.; Berini- Aytes, L.; Gay-Escoda, C. Incidence and clinical features of delayed-onset

infections after extraction of lower third molars. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2005, 99, 265–269. [CrossRef]
[PubMed]

39. Sainz de Baranda, B.; Silvestre, F.J.; Silvestre-Rangil, J. Relationship between surgical difficulty of third molar extraction under
local anesthesia and the postoperative evolution of clinical and blood parameters. J. Oral Maxillofac. Surg. 2019, 77, 1337–1345.
[CrossRef] [PubMed]

40. Candotto, V.; Oberti, L.; Gabrione, F.; Scarano, A.; Rossi, D.; Romano, M. Complication in third molar extractions. J. Biol. Regul.
Homeost. Agents 2019, 33, 169–172. [PubMed]

41. Bello, S.A.; Adeyemo, W.L.; Bamgbose, B.O.; Obi, E.V.; Adeyinka, A.A. Effect of age, impaction types and operative time on
inflammatory tissue reactions following lower third molar surgery. Head Face Med. 2011, 7, 8. [CrossRef] [PubMed]

http://doi.org/10.5005/jcdp-11-6-41
http://www.ncbi.nlm.nih.gov/pubmed/21203736
http://doi.org/10.2319/101712-814.1
http://www.ncbi.nlm.nih.gov/pubmed/23311603
http://www.ncbi.nlm.nih.gov/pubmed/16264374
http://doi.org/10.1016/S0901-5027(87)80072-3
http://doi.org/10.1155/2017/1435348
http://www.ncbi.nlm.nih.gov/pubmed/28607555
http://doi.org/10.1016/0278-2391(95)90715-7
http://doi.org/10.1186/1741-7015-8-18
http://doi.org/10.4317/jced.54310
http://doi.org/10.5958/j.2319-5886.3.2.059
http://doi.org/10.1016/j.ijom.2017.04.006
http://www.ncbi.nlm.nih.gov/pubmed/28473242
http://doi.org/10.1016/j.jormas.2018.10.012
http://doi.org/10.1111/j.1600-051X.2008.01246.x
http://www.ncbi.nlm.nih.gov/pubmed/18498382
http://doi.org/10.1111/prd.12082
http://doi.org/10.23736/S0026-4970.20.04349-6
http://doi.org/10.3390/medicina55060305
http://www.ncbi.nlm.nih.gov/pubmed/31238599
http://doi.org/10.1016/j.ijom.2016.09.011
http://www.ncbi.nlm.nih.gov/pubmed/27746008
http://doi.org/10.1016/j.joms.2005.10.063
http://www.ncbi.nlm.nih.gov/pubmed/17174771
http://doi.org/10.1016/j.tripleo.2004.06.004
http://www.ncbi.nlm.nih.gov/pubmed/15716830
http://doi.org/10.1016/j.joms.2019.02.020
http://www.ncbi.nlm.nih.gov/pubmed/30878593
http://www.ncbi.nlm.nih.gov/pubmed/31538464
http://doi.org/10.1186/1746-160X-7-8
http://www.ncbi.nlm.nih.gov/pubmed/21527036


Healthcare 2021, 9, 121 12 of 12

42. Sayed, N.; Bakathir, A.; Pasha, M.; Al-Sudairy, S. Complications of third molar extraction: A retrospective study from a tertiary
healthcare centre in Oman. Sultan Qaboos Univ. Med. J. 2019, 19, e230–e235. [CrossRef]

43. Halpern, L.R.; Dodson, T.B. Does prophylactic administration of systemic antibiotics prevent postoperative inflammatory
complications after third molar surgery. J. Oral Maxillofac. Surg. 2007, 65, 177–185. [CrossRef]

44. Punwutikorn, J.; Waikakul, A.; Ochareon, P. Symptoms of unerupted mandibular third molars. Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. Endod. 1999, 87, 305. [CrossRef]

45. Kaminishi, R.M.; Kaminishi, K.S. New considerations in the treatment of compromised third molars. J. Calif Dent. Assoc. 2004,
32, 823–825. [PubMed]

46. De Jong, K.J.; Oosting, J.; Abraham-Inpijn, L. Medical risk classification of dental patients in the Netherlands. J. Public Health Dent.
1993, 53, 219–222. [CrossRef] [PubMed]

47. La Monaca, G.; Vozza, I.; Giardino, R.; Annibali, S.; Pranno, N.; Cristalli, M.P. Prevention of neurological injuries during
mandibular third molar surgery: Technical notes. Ann. Stomatol. (Roma) 2017, 8, 45–52. [CrossRef] [PubMed]

48. Sun, R.; Cai, Y.; Yuan, Y.; Zhao, J.H. The characteristics of adjacent anatomy of mandibular third molar germs: A CBCT study to
assess the risk of extraction. Sci. Rep. 2017, 7, 14154. [CrossRef]

49. D’Angeli, G.; Messineo, D.; Riminucci, M.; Corsi, A.; Celli, M.; Vozza, I.; Sfasciotti, G.L. The characteristics of adjacent anatomy
of mandibular third molar germs: A CBCT pilot study in patients with osteogenesis imperfecta. Healthcare (Basel) 2020, 8, 372.
[CrossRef]

50. Yadav, S.; Verma, A.; Sachdeva, A. Assessment of lingual nerve injury using different surgical variables for mandibular third
molar surgery: A clinical study. Int. J. Oral Maxillofac. Surg. 2014, 43, 889–893. [CrossRef]

51. Park, W.; Choi, J.W.; Kim, J.Y.; Kim, B.C.; Kim, H.J.; Lee, S.H. Cortical integrity of the inferior alveolar canal as a predictor of
paresthesia after third-molar extraction. J. Am. Dent. Assoc. 2010, 141, 271–278. [CrossRef]

52. Tolstunov, L.; Brickeen, M.; Kamanin, V.; Susarla, S.M.; Selvi, F. Is the angulation of mandibular third molars associated with the
thickness of lingual bone? Br. J. Oral Maxillofac. Surg. 2016, 54, 914–919. [CrossRef]

53. Zhang, Q.B.; Zhang, Z.Q. Early extraction: A silver bullet to avoid nerve injury in lower third molar removal. Int. J. Oral
Maxillofac. Surg. 2012, 41, 1280–1283. [CrossRef]

54. Chuang, S.K.; Perrott, D.H.; Susarla, S.M.; Dodson, T.B. Age as a risk factor for third molar surgery complications. J. Oral
Maxillofac. Surg. 2007, 65, 1685–1692. [CrossRef]

55. Bui, C.H.; Seldin, E.B.; Dodson, T.B. Types, frequencies, and risk factors for complications after third molar extraction. J. Oral
Maxillofac. Surg. 2003, 61, 1379–1389. [CrossRef] [PubMed]

56. Queral-Godoy, E.; Figueiredo, R.; Valmaseda-Castellon, E.; Berini-Aytés, L.; Gay-Escoda, C. Frequency and evolution of lingual
nerve lesions following third molar extraction. J. Oral Maxillofac. Surg. 2006, 64, 402–407. [CrossRef] [PubMed]

57. Barone, R.; Clauser, C.; Testori, T.; Del Fabbro, M. Self-assessed neurological disturbances after surgical removal of impacted
lower third molar: A pragmatic prospective study on 423 surgical extractions in 247 consecutive patients. Clin. Oral Investig. 2019,
23, 3257–3265. [CrossRef] [PubMed]

58. Yadav, S.; Mittal, H.C.; Malik, S.; Dhupar, V.; Sachdeva, A.; Malhotra, V.; Singh, G. Post-traumatic and postoperative neurosensory
deficits of the inferior alveolar nerve in mandibular fracture: A prospective study. J. Korean Assoc. Oral Maxillofac. Surg. 2016,
42, 259–264. [CrossRef] [PubMed]

59. Al-Khateeb, T.H.; Bataineh, A.B. Pathology associated with impacted mandibular third molars in a group of Jordanians. J. Oral
Maxillofac. Surg. 2006, 64, 1598–1602. [CrossRef] [PubMed]

60. Su, N.; van Wijk, A.; Berkhout, E.; Sanderink, G.; De Lange, J.; Wang, H.; van der Heijden, G.J.M.G. Predictive value of pan-oramic
radiography for injury of inferior alveolar nerve after mandibular third molar surgery. J. Oral Maxillofac. Surg. 2017, 75, 663–679.
[CrossRef]

61. Chossegros, C.; Guyot, L.; Cheynet, F.; Belloni, D.; Blanc, J.L. Is lingual nerve protection necessary for lower third molar
germectomy? A prospective study of 300 procedures. Int. J. Oral Maxillofac. Surg. 2002, 31, 620–624. [CrossRef] [PubMed]

62. Kaminishi, R.M.; Lam, P.S.; Kaminishi, K.S.; Marshall, M.W.; Hochwald, D.A. A 10-year comparative study of the incidence of
third molar removal in the aging population. J. Oral Maxillofac. Surg. 2006, 64, 173–174. [CrossRef]

63. Ghaeminia, H.; Perry, J.; Nienhuijs, M.E.; Toedtling, V.; Tummers, M.; Hoppenreijs, T.J.; Van der Sanden, W.J.; Mettes, T.G.
Surgical removal versus retention for the management of asymptomatic impacted wisdom teeth. Cochrane Database Syst Rev. 2016,
8, CD003879. [CrossRef]

http://doi.org/10.18295/squmj.2019.19.03.009
http://doi.org/10.1016/j.joms.2006.10.016
http://doi.org/10.1016/S1079-2104(99)70213-1
http://www.ncbi.nlm.nih.gov/pubmed/15622706
http://doi.org/10.1111/j.1752-7325.1993.tb02707.x
http://www.ncbi.nlm.nih.gov/pubmed/8258783
http://doi.org/10.11138/ads/2017.8.2.045
http://www.ncbi.nlm.nih.gov/pubmed/29299192
http://doi.org/10.1038/s41598-017-14144-y
http://doi.org/10.3390/healthcare8040372
http://doi.org/10.1016/j.ijom.2014.01.013
http://doi.org/10.14219/jada.archive.2010.0160
http://doi.org/10.1016/j.bjoms.2016.06.005
http://doi.org/10.1016/j.ijom.2012.03.030
http://doi.org/10.1016/j.joms.2007.04.019
http://doi.org/10.1016/j.joms.2003.04.001
http://www.ncbi.nlm.nih.gov/pubmed/14663801
http://doi.org/10.1016/j.joms.2005.11.010
http://www.ncbi.nlm.nih.gov/pubmed/16487801
http://doi.org/10.1007/s00784-018-2747-9
http://www.ncbi.nlm.nih.gov/pubmed/30474748
http://doi.org/10.5125/jkaoms.2016.42.5.259
http://www.ncbi.nlm.nih.gov/pubmed/27847733
http://doi.org/10.1016/j.joms.2005.11.102
http://www.ncbi.nlm.nih.gov/pubmed/17052585
http://doi.org/10.1016/j.joms.2016.12.013
http://doi.org/10.1054/ijom.2002.0236
http://www.ncbi.nlm.nih.gov/pubmed/12521318
http://doi.org/10.1016/j.joms.2005.10.007
http://doi.org/10.1002/14651858.CD003879.pub4

	Introduction 
	Materials and Methods 
	Study Design and Methodology 
	Sample Size Calculation 
	Surgical Protocol 
	Statistical Methodology 

	Results 
	Discussion 
	Conclusions 
	References

