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Introduction

Conventional open thyroidectomy via a neck incision has 
long been the standard surgical treatment for thyroid diseas-
es.1) While effective, the transcervical approach inevitably 
leaves a visible neck scar that many patients find cosmetical-
ly undesirable. In response, surgeons have developed “remote 
access” techniques to avoid neck scarring, such as endoscopic 
thyroidectomy via transaxillary or retroauricular (postauric-
ular) approaches.2,3) These alternative routes relocate incisions 
to less conspicuous areas (e.g. under the arm or behind the 

ear), offering improved cosmetic outcomes at the cost of more 
extensive dissection and limited visualization of contralateral 
structures.

Robotic/endoscopic thyroidectomy has emerged in the last 
decade as a truly scarless thyroidectomy technique, entering 
through the oral vestibule (inner lower lip) and leaving no cu-
taneous scar.4) First reported by Anuwong and colleagues,5) the 
transoral approach gained rapid popularity for its superior 
cosmetic result and direct midline access to the thyroid gland. 
Patients motivated to avoid a neck scar, especially younger 
individuals or those prone to keloids, have driven increased 
adoption of robotic/endoscopic thyroidectomy. Initially, con-
cerns were raised about the safety of this approach, given the 
need to create subplatysmal tunnels from the mouth to the 
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neck and the use of carbon dioxide insufflation to maintain 
working space.6) Unique potential complications such as men-
tal nerve injury (resulting in chin/lip numbness) and CO2 gas 
embolism were not encountered in open surgery and became 
topics of interest. Over the past several years, a growing body 
of literature including large series, meta-analyses, and sys-
tematic reviews has examined robotic/endoscopic thyroidec-
tomy outcomes and complications.7-10)

This review synthesizes the current evidence on the clini-
cal outcomes, safety profile, and patient-centered advantages 
of transoral endoscopic thyroidectomy compared to the con-
ventional transcervical approach. We performed a compre-
hensive literature search (PubMed, Scopus, Google Scholar) 
for English-language studies and reviews published through 
late 2025 on robotic/endoscopic thyroidectomy, focusing on 
operative outcomes, complication rates, and patient satisfac-
tion. Key findings from high-volume series, comparative stud-
ies, and relevant meta-analyses are integrated to provide an 
updated narrative on the efficacy and risks of the transoral 
approach. In doing so, we aim to highlight how robotic/en-
doscopic thyroidectomy measures up against the traditional 
technique and to outline best practices that mitigate its unique 
complications.

Clinical Comparison of Robotic/
Transoral Endoscopic Thyroidectomy 

and Conventional Surgery

Early experiences with robotic/endoscopic thyroidectomy, 
in properly selected patients, demonstrated that clinical out-
comes are largely comparable to conventional open thyroid-
ectomy. Several studies and reviews have reported equivalent 
surgical success rates and endocrine outcomes between the 
transoral vestibular approach and the standard transcervical 
approach. In patients with low-risk differentiated thyroid car-
cinoma or benign nodules meeting criteria (generally nodule 
<5 cm, thyroid lobe <8-10 cm, no gross extrathyroidal ex-
tension or bulky nodal metastases), robotic/endoscopic thy-
roidectomy can achieve complete thyroid resection and lymph 
node dissection yields similar to open surgery.11) Short-term 
oncologic outcomes have been promising; for example, lymph 
node harvest numbers, stimulated thyroglobulin levels, and 
early recurrence rates did not significantly differ between ro-
botic/endoscopic thyroidectomy and open thyroidectomy in 
comparative analyses.12) These findings suggest that, when 
applied to appropriate candidates, the transoral route does 

not compromise the fundamental efficacy of thyroid cancer 
surgery.

Critically, the safety profile of robotic/endoscopic thyroid-
ectomy has proven comparable to conventional surgery for 
most major outcomes. The incidence of recurrent laryngeal 
nerve (RLN) injury and hypoparathyroidism, the two most 
common significant complications of thyroidectomym, is simi-
lar between transoral and open approaches in experienced 
hands. A 2021 meta-analysis of 478 robotic/endoscopic thy-
roidectomy cases versus 673 open cases found no significant 
differences in rates of transient or permanent RLN palsy, tran-
sient hypocalcemia, permanent hypocalcemia, or postopera-
tive hematoma between the two techniques.13) Large series 
around the world likewise report low RLN palsy rates with 
robotic/transoral endoscopic thyroidectomy (on the order of 
3%-5% transient and <1% permanent) that mirror traditional 
surgery.14) For example, a global review of robotic/endoscop-
ic thyroidectomy cases documented transient RLN paresis in 
~3.9% and permanent RLN injury in only 0.6%, which is in 
line with historical open thyroidectomy outcomes.15) Tempo-
rary postoperative hypocalcemia from parathyroid gland ma-
nipulation occurs in roughly 10%-20% of patients in both 
approaches, with permanent hypoparathyroidism being rare 
(~1% or less).16) Postoperative bleeding or hematoma requir-
ing re-intervention is uncommon with robotic/endoscopic thy-
roidectomy (~0.4%-1%) and not significantly different from 
the open technique.17) These data reinforce that robotic/tran-
soral endoscopic thyroidectomy, when performed by trained 
surgeons under proper protocols, can achieve an overall safe-
ty profile equivalent to conventional thyroidectomy for major 
complications.

One area where differences do emerge is in operative time 
and perioperative recovery. Transoral thyroidectomy is tech-
nically demanding and tends to have a longer learning curve. 
Consequently, mean operative durations for robotic/endo-
scopic thyroidectomy are consistently longer than for open 
surgery. In a recent meta-analysis comparing endoscopic ap-
proaches, robotic/endoscopic thyroidectomy had an operative 
time about 17-35 minutes longer on average than remote en-
doscopic alternatives, and typically 20-30 minutes longer 
than a standard open thyroidectomy of similar extent.13) De-
spite the prolonged operative time, hospitalization length af-
ter robotic/endoscopic thyroidectomy is similar to or only 
marginally longer than after open thyroidectomy. Most pa-
tients undergoing transoral thyroidectomy can be discharged 
within 1-2 days (or in some series, after a short 3-4 day stay 
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largely comparable to the 2-3 day stay of open surgery).18) 
Postoperative pain levels are also reported to be comparable 
between the two approaches. Some patients experience tran-
sient chin or floor-of-mouth discomfort with robotic/endoscop-
ic thyroidectomy, but severe pain is not typical, and overall an-
algesic requirements are akin to those in open thyroidectomy.19) 
Thus, aside from a modest increase in OR time, the perioper-
ative recovery trajectory (hospital stay, pain control, return to 
diet and activity) for transoral patients parallels that of con-
ventional surgery.

Mental Nerve Injury and 
Sensory Changes

The mental nerve (a branch of the mandibular division of 
the trigeminal nerve) supplies sensation to the chin and low-
er lip, and it represents a unique anatomical consideration in 
the transoral vestibular approach.20) Robotic/endoscopic thy-
roidectomy requires incisions in the oral vestibule (just un-
der the lower lip), and lateral dissection tunnels are created 
in the chin region, an area traversed by the mental nerve and 
its branches. Consequently, surgeons identified mental nerve 
injury as a novel potential complication of transoral thyroid-

ectomy that has no analog in open surgery.21) Even without 
permanent nerve transection, stretching or contusion of the 
mental nerve during flap elevation can lead to numbness, tin-
gling, or paraesthesia in the chin and lower lip postoperatively. 
The good news is that reported mental nerve sensory changes 
are usually transient and preventable with proper technique. 
Meticulous attention to the vestibular incision placement and 
dissection plane has dramatically reduced this risk. Incisions 
are placed within a defined “safety zone,” typically a 2-3 cm 
curvilinear incision in the midline vestibule, at least 10-15 mm 
above the lower lip sulcus to avoid the mental foramen where 
the nerve exits.22) In addition, dissection in the chin flap is 
kept subperiosteal and limited to minimize traction on men-
tal nerve fibers. When robotic/transoral endoscopic thyroid-
ectomy is performed within these safeguards, studies have 
found a low incidence of significant mental nerve injury.23) 
The topography of the established safety zone is elaborated 
by Fig. 1.

Notably, the way sensory changes are evaluated can yield 
different incidence figures. If patients are directly questioned 
or examined grossly, only a minority might report noticeable 
numbness. For instance, one report noted approximately 10% 
of patients had mild transient chin numbness at 1 week post-

A B
Fig. 1. Topography of mental nerve and incision. A: Most medial branch of the mental nerve. B: Safety zone shaded green and danger 
zones shaded red. IL, incision line; Ilm, mid-incision position; ILc, canine-incision position; FHL, front horizontal line; mMN, medial mental 
nerve branch; mMNc, canine-position branch; mMNh, horizontal branch; mMNe, emergence point. Reproduced from Yang et al. Surg 
Endosc 2020;34(8):3414-23 with permission of Surg Endosc.44)
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robotic/endoscopic thyroidectomy. On the other hand, de-
tailed testing will detect some degree of sensory change in 
virtually all transoral patients immediately after surgery.24) 
A recent prospective study by Tae, et al.24) used monofila-
ment touch tests on 10 designated chin and neck zones in 43 
patients: they found no difference in objective sensation of 
the chin and lower lip before vs. after surgery, indicating that 
the mental nerve was largely preserved. However, they did 
observe a temporary increase in pressure threshold in the sub-
mental region (upper neck under the chin), which resolved by 
1-3 months postoperatively. In other words, when performed 
successfully and within proper anatomical bounds, robotic/
endoscopic thyroidectomy did not cause measurable long-
term sensory loss in the mental nerve distribution. Similarly, 
Woo, et al.25) reported that although 100% of patients had 
some immediate postoperative decrease in sensation in the 
chin/lower lip region (when mapped with fine 1 mm grid 
testing), these sensory deficits were transient. The affected 
numb area in transoral patients shrank dramatically from an 
average of ~535 mm² at 1 week to ~114 mm² at 1 month, and 
further down to ~21 mm² by 2 months. By the 2-month fol-
low-up, 5 of 37 patients (14%) had completely recovered nor-
mal sensation, and the remaining 32 patients showed signifi-
cant partial improvement with only minimal residual numb 
areas. No transoral patient in that series had permanent or 
functionally problematic numbness beyond the early postop-
erative period. In contrast, the control group who underwent 
open thyroidectomy had no sensory changes at any time, as 
expected. These results reinforce that mental nerve injury 
from robotic/endoscopic thyroidectomy is typically limited 
to a temporary neuropraxia, resolving within weeks to a few 
months, with proper oral incision placement playing a key role 
in prevention. To date, permanent mental nerve deficits are 
exceedingly rare when the vestibular approach is executed 
correctly.26) Surgeons now universally emphasize the impor-
tance of staying within the safe dissection plane and have pub-
lished cadaveric studies mapping mental nerve variation to 
guide safe zones. 

Unique Risks and Considerations

Beyond mental nerve concerns, robotic/endoscopic thy-
roidectomy introduces a few unique risks not present in open 
thyroidectomy, though all are uncommon. One such compli-
cation is subcutaneous emphysema or CO2 embolism. The 
transoral technique traditionally relies on insufflation of CO2 

gas to maintain the operative working space in the neck.27) If 
the gas inadvertently enters venous channels (for example, 
through injury to the anterior jugular vein), a CO2 embolism 
could occur, a potentially life-threatening event. Fortunately, 
this complication is extremely rare; only isolated cases have 
been reported among thousands of robotic/endoscopic thy-
roidectomy procedures.28) Preventive measures include careful 
patient positioning, meticulous hemostasis (to avoid open ve-
nous lumens), and using the lowest insufflation pressure that 
still provides an adequate working space (typically 4-6 mm Hg 
of pressure).29) Some surgeons have adopted gasless techniques 
using external retractors to eliminate this risk altogether.30) In-
fections and wound complications are another consideration 
due to the oral entry point. There is a theoretical risk of intro-
ducing oral flora into the neck dissection planes, but in prac-
tice, infections have been rare (≈1%) with prophylactic anti-
biotics and povidone-iodine oral rinses.31) A related issue is 
incision site problems: the vestibule incisions can sometimes 
lead to minor issues like wound separation, localized infec-
tion, or even a small perforation of the chin skin if dissection 
is too superficial.32) Airway or swallowing issues are not sig-
nificantly different from open surgery; if anything, robotic/
endoscopic thyroidectomy avoids strap muscle cutting and 
extensive neck muscle retraction, which might contribute to 
the favorable postoperative voice and swallowing outcomes 
reported in some series.33) In fact, one review noted superior 
functional voice outcomes in transoral patients, possibly due 
to reduced cervical tissue trauma. Routine intraoperative nerve 
monitoring (IONM) is recommended for robotic/endoscopic 
thyroidectomy to help avoid RLN palsy, given the restricted 
view and the need to identify the nerve endoscopically.34) With 
IONM and refined endoscopic instruments, surgeons have 
achieved the same standard of nerve preservation as in open 
surgery. Table 1 provides a summary comparison of key out-
comes and considerations between robotic/transoral endo-
scopic thyroidectomy and conventional thyroidectomy.10,24,34-36)

As shown in Table 1, robotic/endoscopic thyroidectomy 
achieves the primary advantage of an invisible scar and im-
proved early postoperative quality-of-life metrics, without 
sacrificing oncologic or safety outcomes. Patients experience 
the psychological and cosmetic benefits of not having a neck 
incision, which can translate into better self-image and satis-
faction in the immediate recovery period. On all major clini-
cal endpoints, RLN injury, hypoparathyroidism, bleeding, 
infection, the transoral approach parallels the conventional 
approach. The one notable trade-off is the possibility of tran-



Transoral and Open Thyroidectomy Outcomes █ Woo K, et al. 

www.kjorl.org   259

sient mental nerve-related numbness, a minor complication 
unique to robotic/endoscopic thyroidectomy, but one that is 
temporary and preventable with meticulous technique.

It should be noted that overall complication rates may ini-
tially appear slightly higher with robotic/endoscopic thyroid-
ectomy when minor issues are included, especially early in a 
surgeon’s learning curve. For example, an early North Amer-
ican series reported a higher rate of “minor complications” in 
the transoral group (17.5%) compared to open surgery (9.3%), 
a difference driven largely by transient issues like mental 
nerve numbness, small skin perforations, or seromas.37) How-
ever, as surgeons gain experience, these minor events have 
decreased significantly. Many high-volume centers now re-
port minimal complication differences after surpassing the 
learning curve of roughly 20-30 cases.38) The literature indi-
cates a clear trend of improved outcomes with increased sur-
geon experience and refinements in technique (such as better 
flap elevation methods and use of nerve monitoring), bring-
ing the minor complication rate of robotic/endoscopic thy-
roidectomy down over time. In essence, the more robotic/en-
doscopic thyroidectomy is practiced, the safer and more routine 
it becomes, much like any innovative surgical technique.

Current Role of Robotic/Transoral 
Endoscopic Thyroidectomy

Proper patient selection is paramount for robotic/endoscop-
ic thyroidectomy to be safe and effective. Not every thyroid 
pathology or patient is suitable for this approach. Ideal candi-
dates are those with a strong desire to avoid a neck scar and 
who have relatively small, non-invasive thyroid tumors or be-
nign nodules. Common selection criteria include: thyroid nod-
ules ≤5 cm, thyroid gland/lobe diameter ≲10 cm, and clini-
cally N0 or small central compartment metastases only.39) 
Most groups limit robotic/endoscopic thyroidectomy to can-
cers <2 cm in size (papillary microcarcinomas or small dif-
ferentiated thyroid carcinomas) for oncologic safety.40) Pa-
tients with known locally advanced cancer (extrathyroidal 
extension invading adjacent structures), large or bulky mul-
tinodular goiters, or extensive lateral neck metastasis are not 
candidates for transoral surgery.3) Additionally, any history 
of radiation or major neck surgery could alter tissue planes 
and is generally considered a relative contraindication for the 
transoral route. Importantly, increased body-mass index is not 
a strict contraindication. Studies have shown obesity does 
not significantly increase robotic/endoscopic thyroidectomy 
complication rates, though it can make dissection more labo-

Table 1. Key comparative outcomes of robotic/transoral endoscopic thyroidectomy vs. conventional open thyroidectomy

Parameter Robotic/transoral endoscopic thyroidectomy Conventional open thyroidectomy
Cosmetic outcome No visible neck scar; excellent cosmetic satisfaction Requires endoscopic instruments (and 

optionally robotic system); higher cost
Operative time Longer (typically by ~20-30 minutes) due to  

endoscopic setup
Shorter operative time for equivalent 

procedure
Hospital stay 1-4 days (comparable to open) 1-3 days
Transient RLN palsy ~3%-5% (similar to open) ~3%-5%
Permanent RLN palsy ~0.5%-1% (no significant difference) ~0.5%-1%
Transient hypocalcemia ~10%-20% (similar range as open) ~10%-20%
Permanent hypoparathyroid ＜1% (no significant difference) ＜1%
Hematoma/bleeding ~0.5% (very low, comparable to open) ~0.5% (very low)

Infection ~1% (low, despite oral access) ~1% (low)

Mental nerve injury Transient chin/lip numbness in some patients  
(mild, resolves by 1-3 month); permanent injury 
exceedingly rare

None (no mental nerve in field)

Other unique risks CO2 embolism (extremely rare); oral vestibule wound 
issues (rare minor); need for endoscopic expertise

No risk of gas embolism; direct open 
access; well-established technique

Patient quality of life Better early post-op QoL (first 4-6 weeks) due to 
lack of scar

High long-term QoL; early QoL slightly 
lower if scar or pain issues

Operative visibility Good view of central compartment; equal access 
to both lobes (midline camera)

Excellent open exposure; direct tactile 
feedback

Cost and equipment Requires endoscopic instruments (and optionally 
robotic system); higher cost

Standard instruments; lower cost

RLN, recurrent laryngeal nerve; QoL, quality of life.
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rious.41-43) 
From a surgeon’s perspective, adequate training in endo-

scopic or robotic thyroidectomy techniques is essential before 
attempting robotic/endoscopic thyroidectomy. The need for 
specialized equipment (endoscopic towers, laparoscopic in-
struments, energy devices, possibly a surgical robot for some) 
and the higher cost per case are practical considerations for 
widespread implementation. In some healthcare settings, the 
cost and longer operative time have limited routine use of ro-
botic/endoscopic thyroidectomy despite patient interest. None-
theless, as instrumentation improves and more surgeons be-
come proficient, the efficiency of the procedure is expected to 
get closer to that of open surgery.

Conclusion

Transoral endoscopic thyroidectomy via the vestibular ap-
proach has proven to be a feasible, safe, and cosmetically re-
warding alternative to conventional open thyroidectomy in 
appropriately selected patients. Over roughly a decade of de-
velopment, accumulating evidence indicates that robotic/en-
doscopic thyroidectomy can achieve oncologic and clinical 
outcomes equivalent to the gold-standard transcervical ap-
proach. The paramount advantage of robotic/endoscopic thy-
roidectomy is the avoidance of any visible scar, which trans-
lates into higher early postoperative quality of life and patient 
satisfaction, particularly among those self-conscious about 
neck scarring. This cosmetic benefit does not come at the cost 
of higher permanent morbidity: major complication rates 
(RLN injury, permanent hypoparathyroidism, hematoma, etc.) 
are statistically no different from open surgery. The transoral 
route does introduce a distinct profile of minor risks, most no-
tably transient mental nerve sensory changes, but with refined 
surgical technique and increased experience, these complica-
tions have been largely mitigated and are almost always tem-
porary. Surgeons can virtually eliminate permanent mental 
nerve injury by adhering to safe zones for incisions and limit-
ing dissection in the chin area. Rare complications like CO2 
embolism are now well-recognized and preventable with prop-
er precautions.

In conclusion, transoral endoscopic thyroidectomy has ex-
panded the surgical armamentarium as a truly scarless thy-
roid surgery that does not compromise patient safety or treat-
ment efficacy. It exemplifies the marriage of technological 
innovation with patient-centered care, addressing patients’ 
cosmetic concerns while maintaining excellent clinical out-

comes. As more surgeons acquire expertise and long-term 
data continue to mature (particularly on recurrence rates and 
survivorship in oncologic cases), robotic/endoscopic thyroid-
ectomy is poised to become an increasingly mainstream op-
tion for thyroidectomy. For the subset of patients intensely 
concerned about neck scars or with a history of keloids, ro-
botic/endoscopic thyroidectomy offers a compelling solution 
with demonstrable benefits. Ongoing research and refinement, 
including comparisons of quality of life and cost-effective-
ness, will further clarify the role of transoral thyroidectomy. 
Based on current evidence, however, it is clear that in the 
hands of experienced surgeons, robotic/endoscopic thyroidec-
tomy is a safe and effective approach that yields outcomes on 
par with conventional surgery, all while leaving patients with 
nothing more than a hidden smile-line incision and an uns-
carred neck. The advent of this technique marks a significant 
advance in thyroid surgery, aligning surgical success with the 
cosmetic and emotional well-being of patients.
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답    ④ 

해 설   �이하선 절제술 후 식사할 때 안면에서 땀이 나는 Frey’s syndrome을 진단하기 위한 Minor’s Starch-Iodine test를 보여주는 

사진이다. 이하선 절제술 후 신경절전부교감신경이 피하층의 땀샘과 잘못된 신경지배를 형성하여 발생하며, 피판을 너무 얇

게 드는 것이 원인이 될 수 있다. 치료 방법으로는 항콜린성 연고를 도포하거나 발한 부위에 보톡스를 주사하는 것이 도움이 

될 수 있다. 
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