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Background: The influences of patients’ different mandibular jawlines on transoral
endoscopic thyroidectomy via vestibular approach (TOETVA) have not been described
before. The objective of this study was to introduce a new classification to assess different
mandibular jawlines, and to evaluate the effects on TOETVA in terms of safety, feasibility,
and postoperative feelings in the treatment of papillary thyroid carcinoma (PTC).

Methods: The crossing angle of esthetic plane and mandibular plane was defined as
Wang Angle, used to assess patients’ different mandibular jawlines. Mandibular
classifications of A (angle: 80° ~ 110°), B (angle > 110°), and C (angle < 80°) types
were compared to evaluate the surgical outcomes of TOETVA by a retrospective study.
690 patients of PTC who received TOETVA were included in this study, which were
divided into three groups according to mandibular classifications.

Results: Clinicopathological characteristics of the patients including age, gender, body mass
index, tumor size, Hashimoto thyroiditis were similar in the three groups. Patients’ length of jay
in group C was significantly longer than group A and group B (P < 0.01). The ratios of using
suspension system in group C were significantly higher than group A and group B (P < 0.01).
The scores of postoperative visual analogue scale (VAS) and ratios of mandibular swell in
group C were significantly higher than group A and group B (P < 0.01). There was no
significant difference in the three groups regarding surgical outcomes, including postoperative
vocal cord paralysis, hypocalcemia, serum white blood cells and C-reactive protein levels.

Conclusions: The Wang angle and mandibular jawline classifications were firstly introduced
in TOETVA. All the patients of class A, B, and C mandibular jawline can achieve safe and
effective surgical outcomes in the treatment of PTC with TOETVA. Patients of class C need
more assistance of suspension system, would experience higher scores of VAS, and higher
ratios of mandibular swell compared with class A and B.

Keywords: mandibular jawlines, length of jay, transoral endoscopic thyroidectomy, papillary thyroid carcinoma,
surgical outcomes
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INTRODUCTION

Transoral endoscopic thyroidectomy is new that does not cause neck
scarring and requires a smaller subcutaneous flap elevation than that
of remote access thyroid surgery methods (1). Because of these
advantages above, there has been a rapid development of transoral
endoscopic thyroidectomy via vestibular approach (TOETVA) in the
past 10 years (2). However, the influences of patients’ different
mandibular jawlines on TOETVA have not been described before
(3). The angle’s classifications of malocclusion were initially used to
assess the mesio-distal relationships of the dental arches (4), which
was modified by us and used to assess the mandibular jawlines. The
objective of this study was to introduce a new classification of
mandibular jawlines into transoral endoscopic thyroidectomy, and
to evaluate the effects on TOETVA in terms of safety, feasibility,
surgical outcomes, and postoperative feelings in the treatment of
papillary thyroid carcinoma (PTC).
MATERIALS AND METHODS

Patients’ Enrollment
Between January 2015 and June 2020, we retrospectively enrolled
690 patients with PTC who underwent total thyroidectomy or
Frontiers in Endocrinology | www.frontiersin.org 2
ipsilateral thyroidectomy and lymph node dissection of central
compartment in the Second Affiliated Hospital, Zhejiang
University School of Medicine. All enrolled patients had cosmetic
requirements, and they chose the operation of TOETVA. Patients
were divided into three groups according to the different types of
mandibular jawlines. The clinicopathological characteristics such as
age, gender, body mass index (BMI), tumor size, multiple lesions
ratio, and Hashimoto’s thyroiditis ratio were compared in the three
groups. This study was approved by the ethical committee of the
Second Affiliated Hospital of Zhejiang University School
of Medicine.

Introduction of Wang Angle and
Mandibular Jawlines Classifications
The crossing angle of esthetic plane and mandibular plane was
defined as Wang Angle (Figure 1). Patients’ different mandibular
jawlines were classified into three types according to the degree of
Wang Angle, including A (angle: 80° ~ 110°), B (angle > 110°), and
C (angle < 80°) types. This new classification was firstly introduced
in TOETVA. As shown in the Figure 1, patients’ different
mandibular jawlines were exhibited with schematic diagrams and
realistic photos. The Wang Angle of each patient was defined as the
crossing of esthetic plane and mandibular plane (red line), which
was used to assess the different mandibular jawline classifications.
A B C

FIGURE 1 | Schematic diagram and realistic photos of the three classifications: (A) (angle: 80° ~ 110°), (B) (angle > 110°), and (C) (angle < 80°) types.
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https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Yu et al. Mandibular Classifications on Transoral Thyroidectomy
Measure the Length of Jaw
The length of jaw was measured in the A, B, and C types of
mandibular jawlines. The length of jaw is a quantitative index,
whichmay be useful to evaluate the level of difficulty to maintain the
surgical space in TOETVA. As shown in Figure 2, patients were
chosen horizontal position, and the length of jaw was defined as the
distance from anterior neck plane to the anterior border plane of
jaw (red line). The length was measured by a flexible ruler, which
was analyzed and compared in the three groups.

Procedures of TOETVA
The procedures of TOETVAwere briefly described in the following.
A 10-mm incision for the camera port was cautiously made in the
middle of the vestibule and frenulum. Another two 5-mm trocars
were applied through the mucosa incision at the level of the first
premolars for auxiliary use. A 30° angled camera was then advanced
through the 10-mm port. Ultrasonic coagulation devices (Harmonic
Scalpel, Ethicon Endosurgery, USA) were used to manage thyroid
surrounding vessels and the inferior thyroid arteries (5). Thyroid
gland was completely resected, and central node dissection (CND)
was conducted including the prelaryngeal, pretracheal, and
paratracheal areas (6).

Comparison of Surgical Outcomes
Preoperative laryngoscope, thyroid hormones, parathyroid hormone
(PTH) and calcium were recorded 3 days before surgery.
Postoperative laryngoscope, laboratory tests including PTH,
calcium, white blood cell (WBC), and C-reactive protein (CRP)
were examined at the day next to the operation. Thyroid
hormones, PTH, and calcium were detected at one month
postoperatively. Patients receive postoperative review every 3
months after surgery, thyroid function and cervical B ultrasound
were included each time.

Statistical Analysis
The results are presented as number (%) and average ± SD
appropriate. Data were analyzed by one-way ANOVA, Welch
ANOVA, student t-test, the c2 test, Fisher’s exact test, and non-
parametric Wilcoxon-Mann-Whitney test appropriately using SPSS
Frontiers in Endocrinology | www.frontiersin.org 3
20.0 software (SPSS Inc., Chicago, IL, USA). A p value less than 0.05
was considered to be statistically significant.

RESULTS

Clinicopathologic Characteristics
The clinicopathologic characteristics were summarized in Table 1.
This study enrolled 690 patients, comprising 342 (Type A), 281 (Type
B), and 67 (Type C) patients respectively. Patient’s age, sex ratio, and
BMI were similar in the groups of type A, B, and C. Tumor
characteristics were compared in the three groups, and there was
no significant difference in the max tumor size, multiple lesions ratio,
and Hashimoto’s thyroiditis ratio. Total thyroidectomy ratio was
similar between the three groups of type A, B, and C respectively. The
length of jaw was compared and has significant difference in the three
groups (P < 0.01). In the pairwise comparison, the length of jaw in
group C was significantly more than group A (7.26 ± 0.23 vs. 6.85 ±
0.23, P < 0.01), and group B (7.26 ± 0.23 vs. 6.17 ± 0.42, P < 0.01).
And the length of jaw in group A was also more than group B
significantly (6.85 ± 0.23 vs. 6.17 ± 0.42, P < 0.01).

Postoperative Feelings
The ratio of mandibular swell and visual analogue scale (VAS)
feeling were compared in the three groups. As shown in Table 2, the
ratio of mandibular swell was compared and has significant
difference in the three groups (P < 0.01). In the pairwise
comparison, the ratio of mandibular swell in group C was
significantly more than group A (10.4% vs. 1.2%, P < 0.01), and
group B (10.4% vs. 0.7%, P < 0.01). While there was no significant
difference in the comparison of mandibular swell between group A
and group B (1.2% vs. 0.7%, P = 0.560). The scores of VAS were
compared and has significant difference in the three groups (P <
0.01). In the pairwise comparison, the scores of VAS in group C was
significantly more than group A (2.1 ± 0.6 vs. 1.7 ± 0.5, P < 0.01),
and group B (2.1 ± 0.6 vs. 1.7 ± 0.5, P < 0.01). While there was no
significant difference in the comparison of VAS scores between
group A and group B (1.7 ± 0.5 vs. 1.7 ± 0.5, P = 0.980).
FIGURE 2 | The length of jay was measured from anterior neck plane to the anterior border plane of jaw (red line) in the three groups.
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https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Yu et al. Mandibular Classifications on Transoral Thyroidectomy
Surgical Complications
The surgical complications, including postoperative vocal cord
paralysis and hypocalcemia were recorded. The electromyography
(EMG) changes during the surgery, and the complains of
hoarseness and laryngoscope examinations postoperatively were
recorded. As shown inTable 2, there was no significant difference in
the comparison of EMG changes (8.2% vs. 7.5% vs. 3.0%, P = 0.330)
and post-operative transient vocal cord paralysis (2.0% vs. 3.2% vs.
1.5%, P = 0.563) in the groups of A, B, and C type. No permanent
vocal cord paralysis occurred in all the three groups. The levels of
PTH and serum calcium were recorded at the next day
postoperatively. It was similar in PTH levels (34.7 ± 16.5 vs. 36.0
± 18.4 vs. 35.7 ± 18.9, P = 0.642) and serum calcium (2.09 ± 0.14 vs.
2.11 ± 0.13 vs. 2.08 ± 0.13, P = 0.360) in the comparison of type A, B,
and C. The incidences of numbness in limbs were also similar in the
comparison of type A, B, and C (10.5% vs. 10.7% vs. 14.9%,
P = 0.559).

Comparison of Lymph Node Dissection in
the Central Compartment
The total number and metastatic central lymph nodes (CLN) were
recorded. It was similar in the total number of CLN in the
comparison of group A, B, and C (8.83 ± 5.75 vs. 9.16 ± 6.14 vs.
8.67 ± 4.61, P = 0.715). And no difference was found in the number
of metastatic CLN in the comparison of group A, B, and C (1.70 ±
2.41 vs. 1.64 ± 2.37 vs. 1.84 ± 2.57, P = 0.827).
Frontiers in Endocrinology | www.frontiersin.org 4
Comparison of Postoperative
Inflammatory Response
WBC and CRP were recorded to assess the postoperative
inflammatory response. There was no difference in the number of
WBC in the comparison of group A, B, and C (9.2 ± 2.7 vs. 9.5 ± 4.7
vs. 9.9 ± 2.9, P = 0.330). And it was similar in postoperative CRP
level in the comparison of group A, B, and C (8.3 ± 7.0 vs. 9.3 ± 8.3
vs. 9.4 ± 7.7, P = 0.172).

Operative Assessment and Qof Evaluation
in the Follow-Up
The operative time and postoperative hospital stay were recorded.
And the Quality of life (Qof) was assessed at 3 months
postoperatively during the follow-up. The operative time was
similar in the three groups of type A, B, and C (116.2 ± 44.3 vs.
118.5 ± 46.6 vs. 121.7 ± 40.3, P = 0.601). And it was similar in the
comparation of postoperative hospital stay in the three groups (3.89
± 1.09 vs. 3.99 ± 1.07 vs. 3.88 ± 1.12, P = 0.515). There was no
difference in Qof assessment in the three groups of type A, B, and C
(7.89 ± 0.80 vs. 7.94 ± 0.71 vs. 7.88 ± 0.69, P = 0.609).
DISCUSSION

Since a large case series of transoral endoscopic thyroidectomy was
reported in 2016, multiple hospital centers worldwide have
TABLE 2 | Effective assessment of surgical results in the groups of type A, B, and C malocclusion.

Type A Type B Type C P value
(n = 342) (n = 281) (n = 67)

EMG changes (%) 28 (8.2%) 21 (7.5%) 2 (3.0%) 0.330
Transient vocal cord paralysis (%) 7 (2.0%) 9 (3.2%) 1 (1.5%) 0.563
Postoperative PTH (pg/ml) 34.7 ± 16.5 36.0 ± 18.4 35.7 ± 18.9 0.642
Postoperative calcium 2.09 ± 0.14 2.11 ± 0.13 2.08 ± 0.13 0.360
numbness in limbs (%) 36 (10.5%) 30 (10.7%) 10 (14.9%) 0.559
Total number of CLN 8.83 ± 5.75 9.16 ± 6.14 8.67 ± 4.61 0.715
Number of metastatic CLN 1.70 ± 2.41 1.64 ± 2.37 1.84 ± 2.57 0.827
WBC (×109/L) 9.2 ± 2.7 9.5 ± 4.7 9.9 ± 2.9 0.330
Postoperative CRP (mg/L) 8.3 ± 7.0 9.3 ± 8.3 9.4 ± 7.7 0.172
Operative time (min) 116.2 ± 44.3 118.5 ± 46.6 121.7 ± 40.3 0.601
Mandibular swell 4 (1.2%) 2 (0.7%) 7 (10.4%) <0.01
Visual VAS 1.7 ± 0.5 1.7 ± 0.5 2.1 ± 0.6 <0.01
Hospital stay (days) 3.89 ± 1.09 3.99 ± 1.07 3.88 ± 1.12 0.515
Quality of life 7.89 ± 0.80 7.94 ± 0.71 7.88 ± 0.69 0.609
Fe
bruary 2022 | Volume 13 | Article
EMG, electromyography; PTH, parathyroid hormone; CLN, central lymph nodes; WBC, white blood cell; CRP, C-reactive protein; VAS, visual analogue scale.
TABLE 1 | Comparation of clinicopathological characteristics in the groups of type A, B, and C.

Type A (n = 342) Type B (n = 281) Type C (n = 67) P value

Age (years) 37.3 ± 9.8 37.6 ± 9.9 35.8 ± 9.2 0.423
Male (%) 90 (26.3%) 74 (26.3%) 25 (37.3%) 0.159
BMI (kg/m2) 23.7 ± 3.7 23.7 ± 3.7 23.9 ± 3.8 0.825
Max tumor size (cm) 1.23 ± 0.59 1.20 ± 0.61 1.31 ± 0.71 0.175
Multiple lesions (%) 81 (23.7%) 88 (31.3%) 22 (32.8%) 0.065
Hashimoto’s thyroiditis (%) 100 (29.2%) 97 (34.5%) 25 (27.3%) 0.238
Total thyroidectomy (%) 111 (32.5%) 98 (34.9%) 25 (37.3%) 0.675
Bilateral CND (%) 108 (31.6%) 96 (34.2%) 19 (28.4%) 0.606
Length of jaw (cm) 6.85 ± 0.23 6.17 ± 0.42 7.26 ± 0.23 <0.01
BMI, body mass index; CND, central node dissection.
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introduced this technique and reported their initial experience (7).
Up to now, transoral endoscopic thyroidectomy via vestibular
approach (TOETVA) has become one of the most widely used
techniques in scarless endoscopic thyroidectomy (8). Our group has
reported a large cohort of TOETVA cases, in which we
demonstrated that transoral endoscopic thyroidectomy has the
same surgical safety compared with total endoscopic
thyroidectomy via areola approach, and conventional open
thyroidectomy (9). Recently, it has been found by us that the
surgical outcomes of transoral endoscopic thyroidectomy are safe
in the treatment of PTC with a diameter between > 1cm and
≤ 3.5cm (3).

Hence, we compared the different classified types of
mandibular jawlines on TOETVA. It was found safe of
TOETVA in the treatment of PTC patients with all the three
types of mandibular jawlines. No case was needed to transverse
conventional open choice in all the 690 cases. No significant
difference was found in the comparison of surgical complications
in the types of A, B, and C, including postoperative vocal cord
paralysis and hypoparathyroidism. Mental nerve injury is a
unique complication of TOETVA (10). And the incidence of
mental nerve injury is quite diverse (11). In our institute, only 2
cases of mental nerve injury were detected at the initial period
after TOETVA performed. There was no mental nerve injury
found in this study of 690 PTC cases. These results might provide
evidence mental nerve injury rarely occurs with TOETVA in all
the patients of class A, B, and C mandibular jawline.

The effect and feasibility were also verified with the largest case
series of TOETVA for PTC in the present study. Total and metastatic
number of central lymph nodes were similar in the comparison of all
the three types, which represents the effect was similar during the
implementation of TOETVA in the patients of type A, B, and C. The
postoperative inflammatory response, includingWBC and CRP, were
recorded similar, which represents the feasibility of TOETVA was
comparable in type A, B and C.

According to the results of comparative analyses, the length of
jaw in the patients of type C was significantly more than type A and
B. Due the longer jawline, it had more difficulty in maintaining the
surgical space, and the ratios of using suspension assisted system in
the patients of type C were also higher than type A and B
significantly. Additionally, patients of type C experienced a higher
ratio of mandibular swell, and the mandibular swell would be
absorbed at 7 ~ 10 days post TOETVA. Patients of type C had
higher scores of VAS at the next day post TOETVA, and the pain
feelings would be reduced at 3 ~ 5 days post TOETVA according to
our experience. Moreover, there was no difference found in the
comparison of Qof in the period of follow-up, which represents the
longtime postoperative feelings were similar in the comparison of
type A, B, and C. Furthermore, several innovative techniques were
implemented in TOETVA, which was useful to maintain the
surgical space, especially in the patients of type C.

Injecting Epinephrine Solution
Epinephrine solution of diluted adrenaline solution (1:500 000) was
injected from the vestibule to the anterior of the neck at the
subcutaneous layer (12). The uneven surface of the mandibular
would be topped up by the epinephrine solution. Additionally,
Frontiers in Endocrinology | www.frontiersin.org 5
diluted adrenaline contributed to microvascular constriction, which
would be helpful to reduce bleeding during the process of
space creating.

Real-Time Observation
We firstly designed a visual separation device, which was used for
the separation of skin flap (13). The visual separation bar has a see-
through head, could be used for real-time observation during blunt
separation. The correct fascia layer is shown white, while a yellow
appearance means over superficial or fat layer, and red appearance
been over deep or muscle layer. With this help, the tissue separation
layer could be adjusted at any time during the process of flap
dissection. Additionally, anterior jugular microvascular could also
be observed, which would be helpful to avoid bleeding in the
procedure of building working space.

Hybrid Space-Maintaining Method
The hybrid space-maintaining system combining constant low
pressure gas insufflation with a flap lifting device. We have
reported this method before, which was described briefly in the
following (14). During the operation, the CO2 was insufflated and
maintained at a low pressure of 6 mmHg. Additionally, the flap was
lifted to expand the space by wires or silk sutures, which retracted by
a suspension system. As the critical device of suspension system, a
disinfected L-shaped pole was wrapped by a sterile protective cover
and then fixed on the side of the head as the suspension frame.

Add Another Vacuum Tube for Working
Space Building
The middle curvilinear incision was expanded to 2 cm, which used
for observation port and another vacuum tube. Vacuum tube shore
up and air inhalation were alternatively used for flap suspension
during working space building. Order to reduce the smoke
circumstance, the operation space was kept a negative pressure
during the whole process. Additional vacuum tube was placed next
to the observation port for flap suspension to keep the operation
space under negative pressure (Figure 3). And the vacuum tube
could also be used for air inhalation whenmuch smoke generated in
the surgical circumstance.

The Advantages and Disadvantages
of TOETVA
TOETVA provides a cranial-caudal perspective that can better
expose and more completely central nodes dissection, especially
for the lower part including levels VI and VII (15). However, it
increases difficulty of handling the thyroid superior pole at the
beginning, identifying the superior thyroid artery and superior
laryngeal nerve (SLN) (16). Due to the limitations, it is important
to evaluate whether different mandibular jawline types would
increase the surgical complications in TOETVA. In this study, all
tumors were completely removed, and no skin flap disruption or
permanent SLN injury occurred. And the different mandibular
jawline types, especially for type C, can be overcome with the
development of operative proficiency and the improvement of
surgical instruments. Additionally, patients chosen TOETVA had
February 2022 | Volume 13 | Article 842148
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FIGURE 3 | Introduce another vacuum tube for working space building in TOETVA.
FIGURE 4 | Cosmetic results 1 month and 6 months postoperatively of TOETVA.
Frontiers in Endocrinology | www.frontiersin.org February 2022 | Volume 13 | Article 8421486

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Yu et al. Mandibular Classifications on Transoral Thyroidectomy
much more scores of Qof (17), especially in the aspect of cosmetic
result (18), which can hide incisions in the mouth without any scars
on the body appearance (Figure 4).

Our study has some limitations. Firstly, it was a retrospective
study, we only enrolled patients who had a pathological diagnosis
of PTC from January 2015 to June 2020 at our single center.
Secondly, the operation choices of ipsilateral lobectomy or total
thyroidectomy, and central node dissections were according to
Chinese guidelines. Additionally, all cases were performed within
18 – 36 months period, and the follow-up time was not long
enough to observe tumor recurrence.
CONCLUSION

A new classification was introduced in TOETVA, so as to
evaluate the influence of different mandibular jawlines. It has
been found that the safety, effect and feasibility were similar in
the treatment of PTC with TOETVA in all the mandibular
jawlines of type A, B, and C. However, patients of type C
would experience a higher ratio of mandibular swell, and
higher scores of VAS post TOETVA. New techniques,
including real-time observation, hybrid space-maintaining, and
adding another vacuum tube may be helpful for working space
building of TOETVA, especially in the patients of type C.
Frontiers in Endocrinology | www.frontiersin.org 7
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

XY, YJ, and YW substantial contributed to conception and
design. YL, QH, YJ, LP, and PZ contributed to acquisition of
data. YL analysis and interpretation of data. YW and XY
contributed to draft the article. All authors contributed to the
article and approved the submitted version.

FUNDING

This study is financially supported by Health Innovation Talents
Project of Zhejiang Province (2021RC004) and Basic Public
Welfare Research Project of Zhejiang Province (LGF22H070002).
REFERENCES

1. Ahn JH, Yi JW. Transoral Endoscopic Thyroidectomy for Thyroid
Carcinoma: Outcomes and Surgical Completeness in 150 Single-Surgeon
Cases. Surg Endosc (2020) 34(2):861–7. doi: 10.1007/s00464-019-06841-8

2. Wang Y, Zhou S, Liu X, Rui S, Li Z, Zhu J, et al. Transoral Endoscopic
Thyroidectomy Vestibular Approach vs Conventional Open Thyroidectomy:
Meta-Analysis. Head Neck (2021) 43(1):345–53. doi: 10.1002/hed.26486

3. Liu Z, Li Y, Wang Y, Xiang C, Yu X, Zhang M, et al. Comparison of the
Transoral Endoscopic Thyroidectomy Vestibular Approach and Open
Thyroidectomy: A Propensity Score-Matched Analysis of Surgical
Outcomes and Safety in the Treatment of Papillary Thyroid Carcinoma.
Surgery (2021) 170(6):1680–6. doi: 10.1016/j.surg.2021.06.032

4. Masucci C, Oueiss A, Maniere-Ezvan A, Orthlieb JD, Casazza E. What is a
Malocclusion? Orthod Fr (2020) 91(1-2):57–67. doi: 10.1684/orthodfr.
2020.11

5. Yu X, Liu C, Yan M, Gong W, Wang Y. Hyperthermal Liquid, Spray, and
Smog may be Potential Risk Factors for Recurrent Laryngeal Nerve Thermal
Injury During Thyroid Surgeries. Endocrine (2021) 72(1):198–207. doi:
10.1007/s12020-020-02451-w

6. You JY, Kim HY, Park DW, Yang HW, Kim HK, Dionigi G, et al. Transoral
Robotic Thyroidectomy Versus Conventional Open Thyroidectomy:
Comparative Analysis of Surgical Outcomes Using Propensity Score
Matching. Surg Endosc (2021) 35(1):124–9. doi: 10.1007/s00464-020-07369-y

7. Anuwong A. Transoral Endoscopic Thyroidectomy Vestibular Approach: A
Series of the First 60 Human Cases. World J Surg (2016) 40(3):491–7. doi:
10.1007/s00268-015-3320-1

8. Lira RB, De Cicco R, Rangel LG, Bertelli AA, Duque Silva A, de Medeiros
Vanderlei JP, et al. Transoral Endoscopic Thyroidectomy Vestibular
Approach: Experience From a Multicenter National Group With 412
Patients. Head Neck (2021) 43(11):3468–75. doi: 10.1002/hed.26846

9. Sun H, Zheng H, Wang X, Zeng Q, Wang P, Wang Y. Comparison of
Transoral Endoscopic Thyroidectomy Vestibular Approach, Total
Endoscopic Thyroidectomy via Areola Approach, and Conventional Open
Thyroidectomy: A Retrospective Analysis of Safety, Trauma, and Feasibility of
Central Neck Dissection in the Treatment of Papillary Thyroid Carcinoma.
Surg Endosc (2020) 34(1):268–74. doi: 10.1007/s00464-019-06762-6

10. You JY, Kim H, Park DW, Yang HW, Dionigi G, Tufano RP. Prevention of
Transoral Thyroidectomy Complications: An Analysis of Surgical Outcomes
in 423 Consecutive Series. Surgery (2021) 170(4):1155–9. doi: 10.1016/
j.surg.2021.05.003

11. Tae K. Complications of Transoral Thyroidectomy: Overview and Update.
Clin Exp Otorhinolaryngol (2021) 14(2):169–78. doi: 10.21053/ceo.2020.02110

12. Yan HC, Xiang C, Wang Y, Wang P. Scarless Endoscopic Thyroidectomy
(SET) Lateral Neck Dissection for Papillary Thyroid Carcinoma Through
Breast Approach: 10 Years of Experience. Surg Endosc (2021) 35(7):3540–6.
doi: 10.1007/s00464-020-07814-y

13. Xie QP, Xiang C, Wang Y, Yan HC, Zhao QZ, Yu X, et al. The Patterns and
Treatment of Postoperative Hemorrhage and Hematoma in Total Endoscopic
Thyroidectomy via Breast Approach: Experience of 1932 Cases. Endocrine
(2019) 63(3):422–9. doi: 10.1007/s12020-018-01837-1

14. Wang Y, Zhang Z, Zhao Q, Xie Q, Yan H, Yu X, et al. Transoral Endoscopic
Thyroid Surgery via the Tri-Vestibular Approach With a Hybrid Space-
Maintaining Method: A Preliminary Report. Head Neck (2018) 40(8):1774–9.
doi: 10.1002/hed.25157

15. Wang D, Wang Y, Zhou S, Liu X, Wei T, Zhu J, et al. Transoral
Thyroidectomy Vestibular Approach Versus non-Transoral Endoscopic
Thyroidectomy: A Comprehensive Systematic Review and Meta-Analysis.
Surg Endosc (2021). doi: 10.1007/s00464-021-08836-w

16. Ji YB, Jeong JH, Wu CW, Chiang FY, Tae K. Neural Monitoring of the
External Branch of the Superior Laryngeal Nerve During Transoral
Thyroidectomy. Laryngoscope (2021) 131(2):E671–6. doi: 10.1002/lary.28883

17. Wongwattana P, Laoveerakul P, Santeerapharp A. A Comparison of Efficacy
and Quality of Life Between Transoral Endoscopic Thyroidectomy Vestibular
Approach (TOETVA) and Endoscopic Thyroidectomy Axillo-Breast
Approach (ETABA) in Thyroid Surgery: non-Randomized Clinical Trial.
Eur Arch Otorhinolaryngol (2021) 278(10):4043–9. doi: 10.1007/s00405-021-
06639-2
February 2022 | Volume 13 | Article 842148

https://doi.org/10.1007/s00464-019-06841-8
https://doi.org/10.1002/hed.26486
https://doi.org/10.1016/j.surg.2021.06.032
https://doi.org/10.1684/orthodfr.2020.11
https://doi.org/10.1684/orthodfr.2020.11
https://doi.org/10.1007/s12020-020-02451-w
https://doi.org/10.1007/s00464-020-07369-y
https://doi.org/10.1007/s00268-015-3320-1
https://doi.org/10.1002/hed.26846
https://doi.org/10.1007/s00464-019-06762-6
https://doi.org/10.1016/j.surg.2021.05.003
https://doi.org/10.1016/j.surg.2021.05.003
https://doi.org/10.21053/ceo.2020.02110
https://doi.org/10.1007/s00464-020-07814-y
https://doi.org/10.1007/s12020-018-01837-1
https://doi.org/10.1002/hed.25157
https://doi.org/10.1007/s00464-021-08836-w
https://doi.org/10.1002/lary.28883
https://doi.org/10.1007/s00405-021-06639-2
https://doi.org/10.1007/s00405-021-06639-2
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Yu et al. Mandibular Classifications on Transoral Thyroidectomy
18. Lee DW, Bang HS, Jeong JH, Kwak SG, Choi YY, Tae K. Cosmetic Outcomes
After Transoral Robotic Thyroidectomy: Comparison With Transaxillary,
Postauricular, and Conventional Approaches. Oral Oncol (2021) 114:105139.
doi: 10.1016/j.oraloncology.2020.105139

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
Frontiers in Endocrinology | www.frontiersin.org 8
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Yu, Jiang, Li, He, Pan, Zhu, Wang and Wang. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
February 2022 | Volume 13 | Article 842148

https://doi.org/10.1016/j.oraloncology.2020.105139
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Comparison of Different Mandibular Jawlines Classifications on Transoral Endoscopic Thyroidectomy for Papillary Thyroid Carcinoma: Experiences of 690 Cases
	Introduction
	Materials and Methods
	Patients’ Enrollment
	Introduction of Wang Angle and Mandibular Jawlines Classifications
	Measure the Length of Jaw
	Procedures of TOETVA
	Comparison of Surgical Outcomes
	Statistical Analysis

	Results
	Clinicopathologic Characteristics
	Postoperative Feelings
	Surgical Complications
	Comparison of Lymph Node Dissection in the Central Compartment
	Comparison of Postoperative Inflammatory Response
	Operative Assessment and Qof Evaluation in the Follow-Up

	Discussion
	Injecting Epinephrine Solution
	Real-Time Observation
	Hybrid Space-Maintaining Method
	Add Another Vacuum Tube for Working Space Building
	The Advantages and Disadvantages of TOETVA

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


