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Defining competencies in robotic thyroidectomy: development of a 
model assessing an expert operator’s intraoperative performance 
skills and cognitive strategies
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Background: The changing medical education environment emphasizes the need for time efficiency, 
increasing the demand for competency-based medical education to improve trainees’ learning strategies. 
This study was performed to determine the competencies required for successful performance of robotic 
thyroidectomy (RT) and to determine the consensus of experts for performance of RT.
Methods: Data were collected through 12 semi-structured interviews with RT experts and 11 field 
observations. Cognitive task analysis was performed to determine the competencies required for experts to 
perform RT. A modified Delphi methodology was used to determine how 20 experts rated the importance of 
each item of RT performance on a Likert 7-point scale. The criteria for the Delphi consensus were set at a 
Cronbach’s α≥0.80 with two survey rounds.
Results: After 11 field observations and 12 semi-structured interviews, 89 items were identified within 
six modules. These items were grouped into sub-modules according to their theme. The modified Delphi 
survey, involving 21 experts, reached the consensus standard during the second round (Cronbach’s α=0.954), 
enabling the identification of the 64 most important items within six modules related to RT performance: 
midline incision to isthmectomy (MID module; n=8), lateral dissection (LAT module; n=7), preservation of 
inferior parathyroid glands (INF module; n=16), preservation of recurrent laryngeal nerve and dissection of 
the ligament of Berry (BER module; n=21), dissection of the thyroid upper pole (SUP module; n=10), and 
specimen removal and closure (END module; n=2). 
Conclusions: This mixed-method study combining qualitative and quantitative methodology identified 
modules of core competencies required to perform RT. These modules can be used as a standard and 
objective guide to train surgeons to perform RT and evaluate outcomes.
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Introduction

Recently, the educational paradigm in surgery has changed 
from the traditional apprenticeship model to competency-
based medical education, which emphasizes the acquisition 
of standard technical and cognitive proficiency for 
performing surgery safely and effectively (1-3). To 
incorporate intraoperative decision-making ability into the 
standard surgical training curriculum, many studies have 
attempted to identify cognitive components associated with 
the success of various types of surgery, such as conventional 
open thyroidectomy, management of trauma patients, 
laparoscopic transabdominal adrenalectomy, and flexible 
pharyngo-laryngoscopy (3-6). Research on the techniques 
required for open thyroidectomy was utilized to develop 
high-definition video teaching modules and interactive web-
based educational platforms (7,8). Although modules and 
platforms have been developed for open and laparoscopic 
surgery, surgeons are still being trained to perform robotic 
surgery through apprenticeship, without a standardized 
educational curriculum (9). 

Robot ic  thyroidectomy (RT) i s  remote-access 
surgery and results in higher cosmetic satisfaction than 
conventional surgical methods (10). These advantages 

have increased demands for RT worldwide, increasing 
the number of training programs for RT. Previously, 
Madani and colleagues defined a model of competencies 
for successful open thyroidectomy performed by expert 
endocrine surgeons to use it as references for trainees in 
the context of competency-based medical education (3). 
RT, however, requires advanced surgical skills and utilizes 
different surgical instruments and approaches including 
behavioral and cognitive strategies compared with open  
thyroidectomy (11). Thus, this study was designed to 
organize key tasks and decision-making procedures for RT 
by modules and to evaluate their importance in determining 
the competencies of expert performance and cognitive 
strategies required for RT. 

Methods

Setting and participants

This study recruited surgeons who perform RT with the 
bilateral axillo-breast approach (BABA). We defined subject 
matter experts (SMEs) as individuals who had conducted 
40 or more BABA RT operations (11-14). Moreover, we 
included individuals with a minimum of 5 years of clinical 
experience to guarantee proficiency in BABA-RT. We used 
convenience sampling to enlist 12 SMEs for the qualitative 
cognitive task analysis (CTA) via email. Additionally, we 
recruited 21 surgeons through email for the modified 
Delphi survey. The purpose and method of the study were 
explained to the recruited surgeons, and they provided 
informed consent before participating in the study via 
telephone or email. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study protocol was approved by the Institutional Review 
Board of Seoul National University Hospital (No. H-1912-
116-1090).

BABA RT

BABA RT is a surgical method in which the thyroid gland 
is dissected using a da Vinci robot inserted through small 
wounds on both sides of the axilla and breast (15). BABA 
RT differs from conventional open thyroidectomy, in that it 
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starts with the lower pole of the thyroid gland and continues 
to the upper pole. BABA RT allows thyroid lobectomy, 
total thyroidectomy, and total thyroidectomy with modified 
lateral neck dissection (16,17). This study, however, was 
restricted to surgery involving a midline incision to remove 
the dissected specimen and midline closure. The RT 
procedures were divided into six modules, as described (15). 

Qualitative study: CTA

This study was of mixed-method design, combining 
qualitative and quantitative methods. To collect qualitative 
data, one of the researchers observed the performance of RT 
by study participants, focusing mainly on communication 
with colleagues, emergency situations and coping methods, 
and changes in decisions during surgery. Each RT was video 
recorded and used as an adjunct in the subsequent semi-
structured interview. The interviewee asked prescribed 
questions about the intent, cautions, and decision-making 
during each step of RT (Table 1) (3). The interviewer was 
careful not to interrupt the interviewee and to not ask close-
ended questions, facilitating open and unbiased answers. 
Each interview was recorded, and each interview took 
roughly 1 hour. The recorded interviews were transcribed 
verbatim.

The qualitative data were analyzed by CTA, a robust 
method that systematically captures automated cognitive 
tasks performed by experts. CTA was based on naturalistic 
decision-making studies and has been used extensively to 
explore cognitive processes in medical settings (18). In this 
study, each surgical procedure performed by the surgeon 
was recorded and reviewed several times, and the cognitive 
factors of the task were analyzed by two task analysis experts 

(Ph.D. in cognitive psychology and medical education and 
two clinical health psychologists). To ensure the saturation 
of data, surgery textbooks that described the steps for open 
thyroidectomy and RT were reviewed to add any missing 
information (15,19-21).

The contents were subsequently reviewed and modified 
by two expert surgeons to develop a structured framework, 
completing it as modules in structured stages for the entire 
operation. This method defined the explicit and implicit 
knowledge and skills required, without bias, for surgical 
judgment and decision making.

Quantitative study: modified Delphi survey

The modified Delphi method, which is effective in drawing 
consensus from experts through iterative survey rounds 
and has been recommended for solving problems in clinical 
practice that lack scientific evidence (22), was utilized for 
quantitative analysis. Survey items were constructed from 
the data obtained from CTA. During the first round of the 
Delphi survey, participants were asked to anonymously 
rate the importance of each item, ranging from 1 (not at all 
important) to 7 (very important). During the second round, 
1 week later, participants were asked to again rate the 
importance of each item. Rounds one and two included 21 
and 20 RT experts, respectively, of various backgrounds and 
experience. The design of this study is shown in Figure 1.

Statistical analysis

To quantitatively verify the results obtained from the 
qualitative study, the responses to each survey round were 
reported as the means and variances. A consensus among 

Table 1 Sample questions used for semi-structured interviews

Structure Questions

General questions Describe the tasks required to perform BABA RT in key steps

Questions by 
module

What is the purpose of this task?

What is the sequence of actions necessary to complete this task?

What conditions must be present before starting this task?

What decisions have to be made during this task, including the various options and criteria to choose among options?

What errors can occur and what tips/tricks can be used to avoid such errors during this task?

What performance standards or quality indicators are used to ensure successful completion of this task?

BABA RT, bilateral axillo-breast approach robotic thyroidectomy.
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experts was defined as a Cronbach’s α≥0.80 for the reliability 
of the participants’ responses to each item. Items evaluated 
by over 80% of respondents as ≥5 on the Likert scale were 
selected as the key component in implementing RT. The 
results were reported as the mean (standard deviation), 
median (range), and N (%). All statistical analyses were 
performed using Microsoft Excel® software. This mixed 
methodology study design has been used in various studies 
that define key operative competencies (2,3,6).

Results 

Qualitative study: CTA

CTA analysis of the data collected by the interviews and the 
review of video recordings of RT identified 89 meaningful 
items, which were divided into six modules based on 
the order of the tasks: midline incision to isthmectomy 
(MID, n=18), lateral dissection (LAT, n=16), preservation 
of inferior parathyroid glands (INF, n=18), preservation 
of recurrent laryngeal nerve (RLN) and dissection of the 
ligament of Berry (BER, n=22), dissection of the thyroid 
upper pole (SUP, n=12), and specimen removal and 
closure (END, n=3). The items within each module were 
categorized based on structural similarities and arranged as 
submodules (Table 2; for the full list, see Table S1).

Quantitative study: modified Delphi survey

In the quantitative study, the participants rated the 89 
identified Delphi items by their importance. Twenty-seven 
RT experts, including participants in the first phase, were 
asked to participate in the Delphi survey, with 21 SMEs 
participating in the first round and 20 in the second round. 
The concordance of the responses among experts met the 
criteria for consensus set in the study, with the Cronbach’s  
α values of 0.91 in round 1 and 0.954 in round 2.

The most important of the 89 items was determined 
by selecting the items (n=64) that received scores ≥5 from 
>80% of respondents, with these items regarded as the 
critical behavioral and cognitive competencies for RT. 
Figure 2 shows the results of this study. 

Table 3 shows the 10 most important items required for 
safe and efficient RT, as determined by experts. The five 
top-ranked items of each of the six modules are graphically 
shown in Figure 3. The order of these modules is not 
necessarily linear and can be altered at the discretion of the 
surgeon (for the full list, see Table S2).

Additional comments regarding the MID module 
included: (I) the need for preoperative evaluation of the 
possibility of isthmectomy, as cancer on the isthmus itself 
may alter the isthmectomy position; and (II) that care 
should be taken not to injure the trachea. An additional 

Figure 1 Flowchart of the study design.
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Table 2 Items synthesized through the cognitive task analysis

MID module (n=18) LAT module (n=16) INF module (n=18) BER module (n=22) SUP module (n=12) END module (n=3)

Identification of the midline Dissection of the surgical plane between the 
thyroid and the strap muscle

Identification of the RLN Dissection between the medial thyroid and trachea Dissection in the upward direction Specimen out

•  Find the correct midline location on the strap 
muscles

•  Separate the strap muscles and thyroid gland 
from cranial to caudal

•  Identify the RLN between the central lymph nodes •  Separate the trachea and cricothyroid muscle 
from the thyroid gland

•  To prevent EBSLN injury, attach as much to 
the thyroid as possible and simultaneously 
ligate the upper thyroid artery well.

•  If the thyroid is too large to remove, expand 
the trocar tunnel site sufficiently

Retract the midline bilaterally with both graspers •  Dissect the surgical plane as close as 
possible to the surface of the thyroid gland

•  Ensure safe distances based on the range of heat 
conduction to prevent thermal injury

Dissection between the thyroid gland and fascia •  Avoid EBSLN injury •  Use a surgical lap bag to safely remove 
the specimen from the operative field to 
prevent metastasis to other sites

•  When retracting the midline with graspers on both 
sides, provide proper symmetrical tension and 
cautions to prevent muscle tearing

•  Be careful when dissecting between the 
thyroid gland and strap muscle

•  Avoid retracting the thyroid gland excessively, as it 
may cause mechanical injury to the RLN

•  Finish the lateral dissection on the lateral side of 
the thyroid gland

•  Map the course of the EBSLN using nerve 
monitoring

Use of hemostatic dressing and anti-
adhesion adjuvant

Midline incision •  Determine whether the strap muscle is injured •  Identify the course and the location of the RLN Thyroid retraction—Zuckerkandl Identification and preservation of the superior 
parathyroid glands

•  Sew the strap muscles with running sutures 
during midline closure (cranial to caudal)

•  Follow the surgical plane well and dissect it Lateral retraction of the strap muscle Identification of the inferior parathyroid gland •  Retract the thyroid to enable entering the 
harmonic

•  Avoid bleeding during the ligation of 
the superior thyroid artery because the 
operative field is narrow

Drain insertion and midline closure

•  Identify the sternothyroid and sternohyoid muscles •  Sufficiently separate the thyroid from the 
strap muscle

•  Recognize the typical location and shape of the 
parathyroid gland

•  Avoid RLN injury caused by traction •  Determine which blood vessels to leave

•  Ensure sufficient incision to Delphian lymph node •  Be careful not to pull the strap muscle 
excessively, as it can tear and bleed

•  Identify the color of the parathyroid gland Preservation of the RLN •  Avoid upper parathyroid injury

•  Avoid muscle injury when making the midline 
incision

Identification of the common carotid artery •  Identify the anatomical variations in the location of 
the parathyroid gland

•  Consider the various shapes of the RLN Identification and preservation of EBSLN

•  Incise from the thyroid cartridge to the suprasternal 
notch (or the location at which central node 
dissection is possible)

•  Identify the correct depth and course of the 
common carotid artery

•  Identify the blood stream distribution and blood 
vessel travel of the parathyroid gland

•  Continue to check the course of the RLN from 
view to view

•  Determine whether the EBSLN is functional

Identification of the trachea •  Avoid the blood vessels around the common 
carotid artery

•  Determine whether to leave the parathyroid or 
perform auto-transplantation after removal

•  Distinguish the artery from the RLN •  Determine whether the signals come from 
the EBSLN using nerve monitoring

•  Avoid injury to the trachea •  Determine whether the common carotid artery 
moves well according to the heartbeat

•  If it is difficult to distinguish between the lymph 
nodes and parathyroid, determine whether to leave 
some or remove all depending on the cancer stage

•  Predict RLN location and angle •  Determine whether the cricothyroid muscle 
twitches

•  Expose the trachea as much as possible •  Determine whether the common carotid artery 
is well exposed along the thyroid gland

•  Avoid damage to the parathyroid gland and blood 
vessels leading to the parathyroid

•  Determine the intensity of pulling when the Berry 
ligament and RLN are adjacent

Ligation of the superior thyroid artery and vein

Identification of the isthmus Thyroid retraction—lower Preservation of the blood stream of the parathyroid •  Dissect the RLN while protecting it by covering 
it with a gauze ball to prevent thermal or 
mechanical injury

•  Adjust robotic arms for better visibility

•  Avoid injury to the trachea •  Accurately locate the parathyroid gland  
and RLN

•  Preserve blood vessels that affect the parathyroid •  Strong retraction of the thyroid may damage  
the RLN

•  Rapidly expose and ligate the superior 
thyroid artery

•  Confirm the location of the isthmus carefully •  Avoid bleeding in the thyroid capsule •  Ensure safe distances considering the range of 
heat conduction to prevent thermal injury

•  Avoid thermal injury Other items related to dissection of the thyroid 
upper pole

•  Determine whether the isthmus was visible as soon 
as the midline was opened from the sternothyroid 
muscle

•  Expose the lower pole and part of the upper 
part of the thyroid gland

•  Identify the inferior and middle thyroidal veins •  Occasionally, a non-recurrent laryngeal nerve is 
present that drives directly into the vagus nerve 
from the upper part of the subclavian artery and 
enters the larynx

•  Use nerve monitoring to identify the vagus 
nerve (located close to the carotid artery)

Table 2 (continued)
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Table 2 (continued)

MID module (n=18) LAT module (n=16) INF module (n=18) BER module (n=22) SUP module (n=12) END module (n=3)

Isthmectomy •  Use a switching motion to support and lift the 
thyroid gland to check the tissue around the 
common carotid artery

•  Preserve the parathyroid as much as possible •  Nerve monitoring determining the amplitude of 
the nerves when initially stimulated (whether the 
signal has been reduced by more than 50%)

•  Preserve the inferior thyroid vein on the non-
operative side

Other items related to lateral dissection •  Avoid injury to the parathyroid and parathyroid 
feeding vessels

Dissection of the ligament of Berry

•  Consider the location of the isthmus •  Determine whether the central lymph nodes 
are removed cleanly along the thyroid gland

Other items associated with the preservation of the 
inferior parathyroid glands

•  Expose Berry ligament sufficiently

•  Avoid vessel injury (such as thyroid ima) •  Determine whether the middle thyroid vein is 
exposed and properly ligated

•  Avoid retracting the parathyroid directly to prevent 
damage to the parathyroid

•  Determine the intensity of pulling when the Berry 
ligament and RLN are adjacent

•  Avoid injury to the cricoid cartilage •  If inevitable, retract tissues around the parathyroid 
or grab the blood vessels going to the parathyroid

•  Dissect the thyroid gland below the Berry 
ligament

•  Determine whether the left and right sides of the 
thyroid are separated

•  Check the cricothyroid muscle in the upper area

Other items related to midline incision and 
isthmectomy

•  Minimize residual thyroid tissue, as microscopic 
amounts of thyroid tissue may remain when the 
thyroid and the RLN are attached, or when the 
thyroid tissue covers the RLN, similar to the ears

•  Determine preoperatively whether the isthmectomy 
is possible (if there is cancer on the isthmus itself, 
the isthmectomy position might have to be changed)

•  Hemostasis is difficult if bleeding occurs in the 
Berry ligament

•  Determine whether the Berry ligament is well 
removed while protecting the RLN

Other items related to preservation of the RLN, 
dissection of the ligament of Berry

•  Use a compression method with energy or a 
gauze ball for hemostasis

MID, midline incision to isthmectomy; LAT, lateral dissection; INF, preservation of inferior parathyroid glands; BER, preservation of RLN and dissection of the ligament of Berry; SUP, dissection of the thyroid upper pole; END, specimen removal and closure; RLN, recurrent laryngeal nerve; EBSLN, external 
branch of superior laryngeal nerve.
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Figure 2 Modules of RT. n, the number of items; M, mean of importance scores; MID, midline incision to isthmectomy; LAT, lateral 
dissection; INF, preservation of inferior parathyroid glands; BER, preservation of RLN and dissection of the ligament of Berry; SUP, 
dissection of the thyroid upper pole; END, specimen removal and closure; RLN, recurrent laryngeal nerve; RT, robotic thyroidectomy. 
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comment regarding the LAT module consisted of accurate 
determination of the locations of the parathyroid gland and 
RLN, whereas additional comments regarding the INF 
module included (I) identifying the course and location 
of the RLN, (II) ensuring safe distances from the heat 
source based on the range of heat conduction thereby 
preventing thermal injury, (III) not retracting the thyroid 
gland excessively as it may cause mechanical injury to the 
RLN. Additional comments regarding the BER module 
included (I) checking the course of the RLN from view to 
view, (II) avoiding thermal injury, and (III) avoiding RLN 
injury caused by traction, whereas an additional comment 
regarding the SUP module noted that to prevent external 
branch of superior laryngeal nerve (EBSLN) injury, 
dissection should be made as close to the thyroid gland 

as possible while ligating the upper thyroid artery well  
(Table S3).

Discussion 

The present study utilized CTA to identify 89 items within 
six modules for RT, with the modified Delphi survey 
identifying the 64 items finally in these six modules most 
important for RT performance, including 8, 7, 16, 21, 10, 
and 2 items in the MID, LAT, INF, BER, SUP, and END 
modules, respectively. The core performance skills and 
cognitive strategies required to perform BABA RT were 
determined using a mixed research method. 

The list of procedural tasks and non-technical skills 
defined throughout this study may function as the basis 

https://cdn.amegroups.cn/static/public/GS-23-467-Supplementary.pdf
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Table 3 Results of modified Delphi consensus on items required to perform robotic thyroidectomy (top 10)

Final 
rank

Module Items

Round 1 Round 2

Mean (SD)
% rating  
over 5 

Rank Mean (SD)
% rating  
over 5 

1 BER Continue to check the course of the RLN from 
view to view

6.67 (0.64) 100 3 6.85 (0.65) 95

2 LAT Accurately locate the parathyroid gland and RLN 6.76 (0.61) 100 2 6.8 (0.68) 95

2 INF Identify the course and location of the RLN 6.81 (0.50) 100 1 6.8 (0.51) 100

4 INF Ensure safe distances based on the range of heat 
conduction to prevent thermal injury

6.67 (0.56) 100 3 6.7 (0.56) 100

5 SUP To prevent EBSLN injury, dissect as close to the 
thyroid as possible, and at the same time, ligate 
the upper thyroid artery well

6.52 (0.59) 100 6 6.55 (0.50) 100

6 MID Determine whether isthmectomy is possible 
preoperatively (if there is a cancer on the isthmus 
itself, the isthmectomy position might be changed)

6.38 (0.79) 100 12 6.5 (0.81) 95

6 BER Avoid thermal injury 6.52 (0.66) 100 6 6.5 (0.50) 100

8 MID Avoid injury to the trachea when identifying the 
isthmus

6.43 (0.85) 100 11 6.45 (0.67) 100

8 INF Excess retraction of the thyroid gland may cause 
mechanical injury to the RLN

6.19 (0.91) 90 20 6.45 (0.86) 95

8 BER Avoid RLN injury caused by traction 6.48 (0.73) 100 10 6.45 (0.74) 100

SD, standard deviation; BER, preservation of RLN and dissection of the ligament of Berry; RLN, recurrent laryngeal nerve; LAT, lateral 
dissection; INF, preservation of inferior parathyroid glands; SUP, dissection of the thyroid upper pole; EBSLN, external branch of superior 
laryngeal nerve; MID, midline incision to isthmectomy.

for developing a standardized and valid training program, 
which can enhance surgeon proficiency in surgical skills and 
ultimately ensure patient safety. In particular, we attempted 
to evaluate the factors associated with competency-based 
medical education, including knowledge, skills, values, and 
attitudes, which could be reflected in both the behavioral 
tasks and cognitive schema of RT (4,23). The skills learned 
in the operative field are based on both situational and 
practice-based learning, both of which could affect the 
development of professional identity throughout the proper 
training and evaluation as a thyroid surgeon. 

Previous studies have attempted to define the competencies 
required for each targeted medical treatment, including 
open thyroidectomy, radiation protection, advanced 
care planning, endoscopic submucosal dissection, and 
laparoscopic transabdominal adrenalectomy (2-4,24-26). In 
some of these studies, when the researchers developed the 
items for the Delphi consensus, they only used literature 
review or task analyses of their own performances (24-26). 

In addition, two of these studies analyzed the performance 
of multiple SMEs, but did not apply modified Delphi 
methodology for validation (2,4). This study adopted a 
mixed-method approach, differentiating this study from 
previous research, enabling the collection of as much 
unbiased information as possible and determining the most 
important competencies for RT, as assessed by various 
experts, thereby improving its validity (3). 

This study, however, did not assess pre-operative steps, 
such as adjusting the settings on the robot. Although 
intraoperative patient care includes pre-operative 
preparation and post-operative management, this study 
assessed operative skills and techniques with the surgical 
robot. Pre-operative preparation for RT may include 
steps associated with the ease of tool usage, as settings 
for the surgical robot before the operative procedure can 
be important factors. Another consideration is that our 
study is demographically homogeneous. Since BABA RT 
is a surgical method that originated in Korea, this initial 
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Figure 3 Top 5 items of each modules. MID, midline incision to isthmectomy; LAT, lateral dissection; INF, preservation of inferior 
parathyroid glands; BER, preservation of RLN and dissection of the ligament of Berry; SUP, dissection of the thyroid upper pole; END, 
specimen removal and closure; RLN, recurrent laryngeal nerve; EBSLN, external branch of superior laryngeal nerve.

Delphi study had to focus on expert surgeons in Korea. 
However, presently, the same surgery is being conducted 
on individuals of different races in various countries 
worldwide. With the insights gained from this study, it 
will be possible to develop surgical guidelines from a 
global perspective in the future. Nevertheless, this study 
focused on the surgical process and analyzed the surgeon’s 
cognitive behavior when performing RT, resulting in 
meaningful results, regarded as offsetting the preoperative 
process. The unique features of RT that is distinct from 
open thyroidectomy identified in the present study were 
the proficient use of robotic instruments and the method of 

securing the operative field visually. These characteristics 
may be regarded as results associated with differences in 
surgical tools. 

Surgeons should be mindful that,  despite their 
proficiency in the surgical skills we provide, complications 
may arise in rare cases. A recent analysis of a large-scale 
robotic surgery study revealed rare complications in 60 
out of 5,011 patients. These rare complications comprised 
hematoma in 4 cases (0.44%), chyle leakage in 15 cases 
(0.3%), flap injury in 4 cases (0.08%), RLN injury in 7 cases  
(0.14%), open conversion in 8 cases (0.16%), and 
pneumothorax in 4 cases (0.08%) (27).

•  Determine whether the 
isthmectomy is possible 
preoperatively (if there is 
a cancer on the isthmus 
itself, the isthmectomy 
position might be changed)

•  Avoid injury to the trachea 
when identifying the 
isthmus

•  Avoid injury to the trachea 
when identifying the 
trachea

•  Carefully follow the surgical 
plane and dissect it

•  Expose the trachea as 
much as possible

•  To prevent EBSLN 
injury, dissect as 
close as possible 
to the thyroid and 
simultaneously ligate 
the upper thyroid artery

•  Avoid EBSLN injury
•  Avoid bleeding during 

the ligation of the 
superior thyroid artery 
because the operative 
field is narrow

•  Avoid upper parathyroid 
injury

•  Adjust the robotic arms 
for better visibility

•  Identify the course and 
location of the RLN

•  Ensure safe distances 
based on the range of heat 
conduction to prevent 
thermal injury

•  Excess retraction of the 
thyroid gland may cause 
mechanical injury to  
the RLN

•  Preserve the parathyroid as 
much as possible

•  Preserve blood vessels that 
affect the parathyroid

•  Accurately locate the 
parathyroid gland  
and RLN

•  Sufficiently separate the 
thyroid from the strap 
muscle

•  Avoid bleeding in the 
thyroid capsule

•  Avoid pulling the strap 
muscle excessively, as it 
can tear and bleed

•  Expose the lower pole 
and part of the upper 
part of the thyroid gland

•  Continue to check the 
course of the RLN from 
view to view

•  Avoid thermal injury
•  Avoid RLN injury 

caused by traction
•  Avoid strong retraction 

of the thyroid, as it may 
damage the RLN

•  Determine whether 
to remove the Berry 
ligament while 
protecting the RLN

•  Use a surgical lap bag to 
safely remove the specimen 
from the operative field to 
prevent metastasis to other 
tissues

•  If the thyroid is too large to 
remove, expand the trocar 
tunnel site sufficiently

MID module SUP module

INF moduleLAT module BER module

END module
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Conclusions

Because of the lack, to date, of step-by-step surgical 
procedure guidelines for BABA-RT, the results of this 
study may be used to develop standardized educational 
criteria for training novice surgeons sufficiently to perform 
operations independently. These systematic and evidence-
based procedures for RT could reduce the quality gap in 
accordance with training settings, and may contribute to the 
long-term narrowing of medical gaps among communities 
and surgeons. It might also help RT trainees to form 
accurate mental representations of successful performance 
and improve their surgical skills based on more detailed 
feedback. 
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Supplementary

Table S1 Full items synthesized through the cognitive task analysis (full list)

Section CTA items

MID phase Identification of midline

Find the correct midline position in the strap muscles

Retract midline bilaterally with both graspers

When retracting the midline with graspers on both sides, give proper symmetrical tension and cautions for muscle 
tearing

Midline incision

Follow the surgical plane well and dissect it

Identify the sternothyroid muscle and sternohyoid muscle

Ensure sufficient incision to Delphian lymph node

Caution of muscle injury when midline incision is made

Incision from the thyroid cartridge to the suprasternal notch (or the location where central node dissection is 
possible)

Identification of trachea

Beware trachea injury

Implement trachea exposure as much as possible

Identification of isthmus

Beware trachea injury

Find isthmus well

Whether you see the isthmus as soon as you open the midline from the sternohyroid muscle

Isthmectomy

Preserve the inferior thyroid vein on the non-operative side

Consider the location of isthmus

Beware vessel injury (such as thyroid ima)

Beware cricoid cartilage injury

Whether the left and right sides of the thyroid is separated

Other items related to midline incision and isthmectomy

Whether the isthmectomy is possible preoperatively (if there is a cancer on the isthmus itself, the isthmectomy 
position might be changed)

LAT phase Dissection of surgical plane between thyroid and strap muscle

Separate strap muscles and thyroid gland from cranial to caudal

Dissect the surgical plane as close as possible to the surface of thyroid gland

Be careful between thyroid gland and strap muscle

Whether the strap muscle is injured

Lateral retraction of the strap muscle

Sufficiently separate the thyroid from the strap muscle

Be careful if you pull the strap muscle excessively, it can tear and bleed

Table S1 (continued)
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Table S1 (continued)

Section CTA items

Identification of common carotid artery

Identify the correct depth and course of the common carotid artery

Leave the blood vessels around common carotid artery

Whether the common carotid artery moves well according to the heartbeat

Whether the common carotid artery is well exposed along the thyroid gland

Thyroid retraction—lower 

Accurately locate parathyroid gland and RLN

Beware of bleeding in thyroid capsule

Expose the lower pole and part of the upper part of the thyroid gland

Switching motion to support and lift the thyroid gland to check the tissue around the common carotid artery

Other items related to lateral dissection

Whether the central lymph nodes is removed cleanly along the thyroid gland

Whether the middle thyroid vein is exposed and ligated certainly

INF phase Identification of RLN

Identify RLN between central lymph nodes

Ensure safe distances considering the range of heat conduction in order to prevent thermal injury

Retracting the thyroid gland excessively may cause mechanical injury of RLN

Identify the course and the location of RLN

Identification of inferior parathyroid gland

Recognize the typical location and shape of parathyroid gland

Identify the color of parathyroid gland

Identify the anatomical mutations in the location of parathyroid gland

Identify the blood stream distribution and blood vessel travel of parathyroid gland

Determine whether to leave parathyroid or auto-transplantation after removal

When the distinction between lymph nodes and parathyroid is difficult, determine whether to leave some or remove 
all depending on the cancer stage

Beware of damage to parathyroid gland and the blood vessels leading to the parathyroid

Preservation of the blood stream of parathyroid

Preserve blood vessels that affect parathyroid

Ensure safe distances considering the range of heat conduction to prevent thermal injury

Identify inferior thyroidal vein and middle thyroidal vein

Preserve parathyroid as much as possible

Beware injury to parathyroid and parathyroid feeding vessels

Table S1 (continued)
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Table S1 (continued)

Section CTA items

Other items to preservation of inferior parathyroid glands

Avoid retracting the parathyroid directly to prevent damage to the parathyroid

If inevitable, retract tissues around the parathyroid or grab the blood vessels going to the parathyroid

BER phase Dissection between medial thyroid and trachea

Separate trachea and cricothyroid muscle from the thyroid gland

Dissection between thyroid gland and fascia

Finish the lateral dissection on the lateral side of the thyroid gland

Thyroid retraction—Zuckerkandl

Retract the thyroid in favor of entering the harmonic

Beware of RLN injury caused by traction

Preservation of RLN

Consider various shapes of RLN

Continue to check RLN's course from view to view

Distinguish artery from RLN

Predict RLN location and angle

When Berry ligament and RLN are placed together, which intensity will you pull to?

Dissect RLN while protect it by covering it with gauze ball to prevent thermal or mechanical injury

Strong retraction on the thyroid may damage the RLN

Beware of thermal injury

Occasionally non-recurrent laryngeal nerve exists that drives directly into the vagus nerve from the upper part of the 
subclavian artery and enters the larynx

Nerve monitoring allows you to see the amplitude of the nerve when initially stimulated (whether the signal has been 
reduced by more than 50%)

Dissection of ligament of Berry

Expose Berry ligament sufficiently

When Berry ligament and RLN are placed together, which intensity will you pull to?

Dissect thyroid gland below Berry ligament

Check the cricothyroid muscle in the upper area

Minimize residual thyroid tissue: may leave microscopic amounts of thyroid tissue when the thyroid and the RLN are 
attached, or when the thyroid tissue is covering the RLN like ears

Hemostasis is difficult if bleeding occurs in Berry ligament

Whether you remove Berry ligament well while protecting RLN

Other items related to preservation of RLN, dissection of the ligament of Berry

Use compression method with energy or gauze ball in some cases for hemostasis

Table S1 (continued)
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Table S1 (continued)

Section CTA items

SUP phase Dissection in the upward direction

To prevent EBSLN injury, proceed dissection as close to the thyroid as possible and at the same time ligate the upper 
thyroid artery well

Beware of EBSLN injury

Mapping the course of EBSLN using nerve monitoring

Identification and preservation of superior parathyroid glands

Be careful of bleeding during the ligation of superior thyroid artery because the op field is narrow

Determine which blood vessels to leave

Beware of upper parathyroid injury

Identification and preservation of EBSLN

Whether EBSLN functions

Whether the signals come from the EBSLN while using nerve monitoring

Whether the cricothyroid muscle has twitching

Ligation of superior thyroid artery and vein

Adjust robotic arms for better visibility

Expose the superior thyroid artery well at once and ligate it at once

Other items related to dissection of the thyroid upper pole

Use nerve monitoring to identify vagus nerve (located close to carotid artery)

END phase Specimen out

If the thyroid is too large to remove, expand the Troca tunner site sufficiently

Use a surgical lap bag to safely discharge specimen out of the op field to prevent the metastasize to other tissues

Use of hemostatic dressing and anti-adhesion adjuvant

Sewing strap muscles with running sutures during midline closure (cranial to caudal)

Drain insertion and midline closure
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Table S2 Results of modified Delphi consensus on items required to perform robotic thyroidectomy (full list)

Final 
rank

Phase Items

Round 1 Round 2

Mean (SD)
% rating 
over 5 

Rank Mean (SD)
% rating 
over 5 

1 BER Continue to check RLN's course from view to view 6.67 (0.64) 100 3 6.85 (0.65) 95

2 LAT Accurately locate parathyroid gland and RLN 6.76 (0.61) 100 2 6.8 (0.68) 95

2 INF Identify the course and the location of RLN 6.81 (0.50) 100 1 6.8 (0.51) 100

4 INF Ensure safe distances considering the range of 
heat conduction in order to prevent thermal injury

6.67 (0.56) 100 3 6.7 (0.56) 100

5 SUP To prevent EBSLN injury, proceed dissection as 
close to the thyroid as possible and at the same 
time ligate the upper thyroid artery well

6.52 (0.59) 100 6 6.55 (0.50) 100

6 MID Whether the isthmectomy is possible preoperatively 
(if there is a cancer on the isthmus itself, the 
isthmectomy position might be changed)

6.38 (0.79) 100 12 6.5 (0.81) 95

6 BER Beware of thermal injury 6.52 (0.66) 100 6 6.5 (0.50) 100

8 MID Beware trachea injury 6.43 (0.85) 100 11 6.45 (0.67) 100

8 INF Retracting the thyroid gland excessively may cause 
mechanical injury of RLN

6.19 (0.91) 90 20 6.45 (0.86) 95

8 BER Beware of RLN injury caused by traction 6.48 (0.73) 100 10 6.45 (0.74) 100

11 BER Strong retraction on the thyroid may damage  
the RLN

6.24 (0.87) 95 15 6.4 (0.66) 100

12 MID Beware trachea injury 6.52 (0.85) 95 6 6.35 (0.57) 100

12 INF Preserve parathyroid as much as possible 6.57 (0.49) 100 5 6.35 (0.85) 95

12 BER Whether you remove Berry ligament well while 
protecting RLN

6.24 (1.11) 90 15 6.35 (0.57) 100

12 SUP Beware of EBSLN injury 6.29 (0.82) 95 13 6.35 (0.79) 95

12 END Use a surgical lap bag to safely discharge specimen 
out of the op field to prevent the metastasize to 
other tissues

6.52 (0.73) 95 6 6.35 (0.79) 95

17 BER Consider various shapes of RLN 6.24 (1.11) 86 15 6.3 (0.71) 95

18 BER Distinguish artery from RLN 6.00 (1.15) 90 27 6.25 (0.77) 100

18 SUP Be careful of bleeding during the ligation of superior 
thyroid artery because the op field is narrow

6.19 (0.91) 95 20 6.25 (0.77) 95

20 INF Preserve blood vessels that affect parathyroid 6.24 (0.68) 100 15 6.2 (0.75) 100

21 INF Ensure safe distances considering the range of 
heat conduction to prevent thermal injury

6.00 (0.69) 100 27 6.15 (0.73) 100

22 BER When Berry ligament and RLN are placed together, 
which intensity will you pull to?

6.00 (0.93) 95 27 6.1 (0.62) 100

23 INF Beware of damage to parathyroid gland and the 
blood vessels leading to the parathyroid

6.05 (1.05) 90 26 6.05 (0.80) 95

Table S2 (continued)
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Table S2 (continued)

Final 
rank

Phase Items

Round 1 Round 2

Mean (SD)
% rating 
over 5 

Rank Mean (SD)
% rating 
over 5 

23 INF Beware injury to parathyroid and parathyroid 
feeding vessels

6.29 (0.76) 100 13 6.05 (0.80) 95

23 SUP Beware of upper parathyroid injury 6.24 (0.92) 95 15 6.05 (0.80) 95

26 BER When Berry ligament and RLN are placed together, 
which intensity will you pull to?

5.90 (0.92) 95 33 6 (0.55) 100

27 INF Identify the blood stream distribution and blood 
vessel travel of parathyroid gland

6.14 (1.17) 86 22 5.95 (0.97) 95

27 BER Predict RLN location and angle 5.90 (1.02) 90 33 5.95 (0.74) 100

27 BER Dissect RLN while protect it by covering it with 
gauze ball to prevent thermal or mechanical injury

6.00 (1.11) 86 27 5.95 (0.97) 90

27 END If the thyroid is too large to remove, expand the 
Troca tunner site sufficiently

6.00 (0.87) 100 27 5.95 (0.59) 100

31 INF Identify the color of parathyroid gland 6.10 (0.97) 90 24 5.9 (0.70) 95

31 BER Expose Berry ligament sufficiently 5.95 (0.95) 90 32 5.9 (0.70) 95

33 INF Recognize the typical location and shape of 
parathyroid gland

6.14 (0.99) 90 22 5.85 (0.73) 95

34 SUP Adjust robotic arms for better visibility 6.10 (0.97) 90 24 5.8 (0.81) 90

35 INF Determine whether to leave parathyroid or auto-
transplantation after removal

5.90 (0.97) 90 33 5.7 (0.71) 95

35 SUP Whether the cricothyroid muscle has twitching 5.86 (1.39) 90 37 5.7 (1.27) 95

37 BER Minimize residual thyroid tissue: may leave 
microscopic amounts of thyroid tissue when the 
thyroid and the RLN are attached, or when the 
thyroid tissue is covering the RLN like ears

5.71 (0.98) 86 43 5.65 (0.73) 90

37 SUP Whether EBSLN functions 5.76 (1.41) 90 38 5.65 (1.39) 90

39 MID Follow the surgical plane well and dissect it 5.67 (1.32) 81 49 5.6 (0.80) 90

39 MID Implement trachea exposure as much as possible 5.57 (1.09) 76 53 5.6 (0.66) 95

39 BER Occasionally non-recurrent laryngeal nerve exists 
that drives directly into the vagus nerve from the 
upper part of the subclavian artery and enters the 
larynx

5.76 (1.11) 81 38 5.6 (0.73) 90

39 BER Hemostasis is difficult if bleeding occurs in Berry 
ligament

5.57 (1.18) 76 53 5.6 (0.73) 90

39 SUP Expose the superior thyroid artery well at once and 
ligate it at once

5.71 (1.12) 81 43 5.6 (0.86) 90

44 MID Beware cricoid cartilage injury 5.67 (1.21) 86 49 5.55 (0.92) 85

44 LAT Sufficiently separate the thyroid from the strap 
muscle

5.62 (0.79) 90 52 5.55 (0.59) 95

Table S2 (continued)
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Table S2 (continued)

Final 
rank

Phase Items

Round 1 Round 2

Mean (SD)
% rating 
over 5 

Rank Mean (SD)
% rating 
over 5 

44 LAT Beware of bleeding in thyroid capsule 5.67 (0.89) 95 49 5.55 (0.80) 95

44 INF Identify RLN between central lymph nodes 5.90 (1.19) 90 33 5.55 (0.92) 90

44 BER Retract the thyroid in favor of entering the Harmonic 5.76 (0.92) 90 38 5.55 (0.80) 90

49 BER Separate trachea and cricothyroid muscle from the 
thyroid gland

5.76 (1.06) 86 38 5.5 (0.67) 95

49 BER Nerve monitoring allows you to see the amplitude 
of the nerve when initially stimulated (whether the 
signal has been reduced by more than 50%)

5.43 (1.43) 76 57 5.5 (1.28) 90

49 BER Use compression method with energy or gauze ball 
in some cases for hemostasis

5.71 (0.93) 90 43 5.5 (0.81) 85

49 SUP Determine which blood vessels to leave 5.48 (1.05) 81 55 5.5 (0.81) 90

53 BER Check the cricothyroid muscle in the upper area 5.71 (1.03) 81 43 5.45 (0.86) 90

54 INF Identify the anatomical mutations in the location of 
parathyroid gland

5.71 (1.08) 86 43 5.4 (0.92) 80

54 INF When the distinction between lymph nodes and 
parathyroid is difficult, determine whether to leave 
some or remove all depending on the cancer stage

5.71 (0.98) 86 43 5.4 (0.80) 85

56 LAT Be careful if you pull the strap muscle excessively, 
it can tear and bleed

5.14 (0.89) 76 64 5.35 (0.65) 90

56 LAT Expose the lower pole and part of the upper part of 
the thyroid gland

5.29 (0.88) 81 62 5.35 (0.73) 90

56 BER Dissect thyroid gland below Berry ligament 5.76 (0.97) 86 38 5.35 (0.85) 80

59 MID Incision from the thyroid cartridge to the 
suprasternal notch (or the location where central 
node dissection is possible)

5.43 (1.18) 81 57 5.3 (0.78) 85

59 INF If inevitable, retract tissues around the parathyroid 
or grab the blood vessels going to the parathyroid

5.24 (1.19) 67 63 5.3 (0.71) 85

61 MID Find isthmus well 5.38 (0.84) 90 59 5.25 (0.70) 85

62 LAT Identify the correct depth and course of the 
common carotid artery

5.48 (1.26) 81 55 5.2 (0.93) 85

63 LAT Whether the middle thyroid vein is exposed and 
ligated certainly

5.38 (1.17) 86 59 5.15 (0.96) 80

63 SUP Whether the signals come from the EBSLN while 
using nerve monitoring

5.38 (1.43) 81 59 5.15 (1.49) 80
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Table S3 Additional comments

Phase Comments

MID If only lobectomy is operated, the lateral approach could be considered

LAT During the LAT phase, the direction of dissection is recommended to be cranial

BER I think it is necessary to discuss whether continuous nerve monitoring should be applied to all patients

SUP Try to identify EBSLN as possible

END “Simple interrupted suture is recommended for midline closure because when there is op bed bleeding, you can secure 
golden time” and “Interrupted inverted suture is recommended because it can buy time by becoming window during bleeding”
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