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Abstract
Purpose Transoral robotic surgery (TORS) has become a well-established surgical technique for the treatment of oropha-
ryngeal cancer, but the significant learning curve and lack of standardized credentialing have resulted in wide variability in
surgical outcomes. This study aims to define procedure-specific competence standards for TORS and test whether a hier-
archical task analysis (HTA)-derived procedure-based assessment (PBA) distinguishes experience levels. We examined the
ability of PBA and Global Evaluative Assessment of Robotic Skills (GEARS) scores to discriminate between novice and
experienced surgeons and to assess their association with operative efficiency and margin quality.
Methods Webuilt anHTAby deconstructing the TORS lateral oropharyngectomy into tasks and subtasks. Then, PBAmetrics
for mucosal incision and deep dissection were developed. Two independent raters scored 40 porcine tongue TORS videos (20
novice, 20 experienced) using PBA and GEARS and recorded global and phase times.
Results Experienced surgeons scored higher on total PBA (39.98 vs 35.35, p = 0.0055) and GEARS (22.60 vs 19.63, p
= 0.0009) and showed less score variability. The largest gaps were lateral tasks: lateral mucosal incision 4.65 vs 3.60 (p =
0.0015) and lateral deep dissection 4.58 vs 3.85 (p = 0.0115). Margin scores were higher in experienced surgeons (4.38 vs
3.80, p = 0.0149). Procedures were faster overall (298.47 s vs 466.43 s, p = 0.0003) with shorter mucosal incision and deep
dissection times.
Conclusions AnHTA-derivedPBAreliably differentiatesTORSexpertise, alignswith speed andmargin quality, and identifies
lateral tasks as high-yield training targets. These metrics support standardized training, assessment, and integration into VR
simulation for competency-based credentialing.
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Introduction

The increasing incidence of oropharyngeal squamous cell
carcinoma (OPSCC) has been strongly associated with
high-risk human papillomavirus (HPV) infection, particu-
larly HPV-16 [1–3]. This epidemiologic shift has led to
a paradigm change in clinical management, emphasizing
function-preserving treatment strategies for younger and
generally healthier patients. Within this context, transoral
robotic surgery (TORS) has emerged as a transformative
surgicalmodality, enablingminimally invasive en bloc resec-
tion of oropharyngeal tumors [4, 5]. Compared to open
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approaches such as lip-split mandibulotomy, TORS is asso-
ciated with decreased postoperative morbidity, improved
swallowing function, and reduced rates of tracheostomy and
feeding tube dependence [6, 7].

Early surgical approaches to the oropharynx included
extensive soft tissue dissection and mandibular disruption,
which can contribute to prolonged tracheostomy and gas-
trostomy tube dependence in addition to functional deficits
such as dysphagia and speech impairment [7, 8]. TORS pro-
vides a less invasive approach to oropharyngeal tumors with
enhanced visualization and dexterity through stereoscopic
magnification and wrist-articulating miniature instruments.
TORS may be associated with decreased operative times,
lower complication rates, improved swallowing outcomes,
and shorter hospital stays compared to open approaches [6,
9]. The use ofTORS for the surgical treatment ofHPV-related
OPSCC has facilitated treatment de-intensification strategies
such as the reduction in the dose and volume of adjuvant
radiation therapy. Emerging data suggest that TORS, when
combined with risk-adapted adjuvant therapy, can achieve
excellent oncologic outcomes while reducing radiation field
sizes and total doses compared to primary chemoradiation
protocols, thereby minimizing long-term toxicity in this
favorable-risk population [10].

As with any surgical technique, TORS has an associated
learning curve. Published studies estimate that approxi-
mately 20–30 cases are required for a surgeon to achieve
procedural proficiency and consistent oncologic outcomes
[9, 11]. Complication rates during an early experience may
be higher, but overall TORS demonstrates favorable safety
[12], with systematic reviews reporting major complication
rates—including hemorrhage, fistula, and prolonged gas-
trostomy or tracheostomy dependence—ranging from 5 to
10% [13–15]. However, there is considerable variability in
achieving negative surgical margins across institutions. A
systematic review and meta-analysis of published TORS
series reported an overall positive margin rate of 7.8%
[16]. However, an analysis of the National Cancer Database
(NCDB) reported that 16.9% of patients treated with TORS
for OPSCC have close or positive surgical margins, with pos-
itive margin rates being generally higher in lower-volume
centers [17]. Surgical quality discrepancies are mirrored
in clinical trials. In ECOG 3311, a randomized phase II
de-intensification trial that included a rigorous surgeon cre-
dentialing process, the reported major surgical complication
rate was 5.3% [18]. Conversely, the ORATOR2 trial reported
a 12% rate of serious surgical morbidity—including two
treatment-related deaths—in the TORS arm, leading to early
closure of the surgical arm [19]. These contrasting findings in
high-profile clinical trials highlight the variability in surgical
outcomes across institutions and emphasize the importance
of surgeon training, credentialing, and skill maintenance.

Hierarchical task analysis (HTA) is a well-established
methodology within human factors and ergonomics for
systematically decomposing complex tasks into goals, sub-
goals, and sequential operations [20]. Since its introduction,
HTA has been widely adopted for analyzing safety–critical
activities, supporting training design, workflow evaluation,
and human–system interaction studies [21–24]. In health-
care, HTA has become a common framework for modeling
clinical workflows and complex procedures because it pro-
vides a transparent representation of task structure and
decision pathways [25]. Within surgery, HTA has been used
to formally characterize operative procedures, identify crit-
ical steps and errors, and derive procedure-specific training
and assessment metrics [26–29]. Prior work has shown that
HTA-derived task structures can be used to construct objec-
tive assessment tools, guide simulator development, and
support structured surgical training curricula [30–32]. In
simulation-based surgical education, HTAprovides the foun-
dational framework for defining procedural steps, mapping
performancemetrics to each step, and ensuring that simulator
tasks reflect real operative workflows [28, 33]. For these rea-
sons,HTAhas beenwidely adopted as amethodological basis
for developing procedure-specific performance assessments
and simulation training systems in surgery. Building on this
established approach, we applied HTA to deconstruct TORS
into structured tasks and subtasks, enabling the development
of objective procedure-based assessment (PBA) metrics and
supporting standardized training and evaluation of surgical
performance.

The purpose of this study is to identify the benchmarks
for competence required to perform TORS in the treat-
ment of oropharyngeal cancer, with a focus on training and
skill development. To address the challenges associated with
TORS, a comprehensive HTA was conducted, leading to the
development of objective, PBA metrics. Despite the com-
plexity of TORS procedures, no prior published work has
presented a hierarchical task analysis specific to TORS.

Materials andmethods

Hierarchical task analysis

In this study, an HTAwas used to identify and describe every
task and procedural step involved in transoral lateral oropha-
ryngectomy [34]. While the procedure had been previously
described and broken down into component steps [35], here
we used a structured approach to objectively parse TORS
into a hierarchy of tasks and subtasks while systematically
detailing their relationships and the sequential steps needed to
achieve the surgical goals. Task steps are shown as rectangles
with forward arrows indicating linear surgical progression.
Optional branches are depicted as diamonds, marking points
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where surgeons may choose alternative paths based on pref-
erence or patient needs. The complete HTA can be found in
the supplementary material.

The HTA was developed by reviewing real TORS surgi-
cal videos, narrative walkthroughs, and textbook materials
[36, 37]. Tasks were organized into a hierarchical task tree
reflecting their chronological order. A head and neck sur-
gical oncologist with over a decade of TORS experience
provided the initial narrative walkthrough. Two additional
senior oncologists, eachwithmore than twenty years of expe-
rience and involvement since TORS’s early development,
reviewed and refined the structure. The final HTA provides
a structured guide to the procedure and the foundation for
objective PBA and detailed time-performance analysis.

The HTA organizes the surgery into three main phases
(see Fig. 1): Setup and Exposure, Tumor Resection, and
Post-Resection Procedures. Setup and Exposure cover room
and equipment preparation, airway, eye and tooth protection,
tongue retraction, mouth gag placement, and robot setup.
Tumor Resection includes mucosal incisions, deep dissec-
tion, and tumor removal. Post-Resection Procedures finalize
the case through hemostasis, reconstruction, enteral access,
stomach decompression, specimen orientation, and airway
management.Hemostasis is shownwith a bidirectional arrow
because the surgeon may return to it at any point before com-
pleting the operation.

Procedure

The subtasks of the full procedure including Setup and
Exposure and Post-Resection Procedures are shown in the
supplementary material.

Tumor resection (see Fig. 2) starts by marking mucosal
incision points on the oropharynx, then completing the
planned superior, anterior, medial, and lateral incisions. The
superior incision may include the tonsillar pillars or go
directly over the palatine tonsil. Monopolar energy in cut
mode is used for these superficial cuts. At the tongue base, the
mucosa is incised at least 1 cm anterior to the visible tumor.
Medial cuts open the posterior pharyngeal wall; lateral cuts
release the pterygomandibular raphe and the posterior floor
of the mouth.

After superficial margins are defined, deep dissection
begins. If the soft palate is involved, the palatoglossus and
palatopharyngeus are divided until the pharyngeal constric-
tors are reached. For cases limited to standard palatine
tonsillectomy, dissection follows the subcapsular plane using
coagulation. Anteriorly, tongue-base muscles are resected
with attention to depth and margins. Medially, constrictor
fibers are divided, stopping either at the prevertebral fascia
for full-thickness resections or leaving a thin constrictor layer
if full thickness is not required.

Lateral dissection depends on whether a radical tonsil-
lectomy is needed. If so, palatoglossus fibers are divided to
expose the medial pterygoid and parapharyngeal fat. Deeper
muscles including inferior palatoglossus, styloglossus, and
stylopharyngeus are divided. Sacrifice of the glossopha-
ryngeal and lingual nerves is considered if necessary for
adequate margins.

Once fully mobilized, the tumor specimen is released and
removed. It is inspected, and if margins are uncertain, addi-
tional resection is performed.

Metrics

Currently, there are no widely accepted procedure-specific
performance metrics for measuring the quality or tasks of
TORS. A Procedure-Based Assessment (PBA) for the TORS
procedurewas developedwith the help of experienced attend-
ing surgeons in the field and the data gathered from the
HTA. Each hierarchical task and its subtasks were exam-
ined separately. The PBAmetric scoring system incorporates
performance components that account for optimal and sub-
optimal actions, as well as the time required to complete the
procedure and its tasks.

PBAuses Likert-style scores (e.g., 1 to 5) for each task and
subtask (seeFig. 3). In any task, the optimal action is given the
highest score. For example, in the “Mucosal Incision”metric,
the highest score (e.g., 5) reflects “Ideal incision location
along the entire length,” showing precise and safe execution.
3 indicates a suboptimal but acceptable outcome, such as an
“Adequate incision with minor deviations.” Critical errors,
including causing damage or incomplete incision, receive
the lowest score (e.g., 1). The “Deep Dissection” and the
“Tumor Removal” metrics were scored on the same 5-point
Likert scale. The PBA metrics were reviewed and validated
by experienced attending head and neck surgical oncologists
(EG,AB,CH,SJ), to ensure alignmentwith clinical standards
and procedural expectations.

In addition to the developed PBA metrics, the Global
Evaluative Assessment of Robotic Skills (GEARS) is incor-
porated as a normalized measure for evaluating robotic
surgical performance [38]. The “Autonomy” metric was
excluded as it was not applicable to the recorded videos.
Scores derived fromGEARSwere validated using the dataset
of a prior study to ensure alignment with the PBA metrics
and experienced attending surgeon evaluations [39].

Analysis of TORS videos

Two observers graded and timed 40 full-length porcine
tongueTORSvideos performed on the daVinci robotic surgi-
cal system. These videos were collected during a prior study
that developed a porcine tongue simulator for TORS [39].
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Fig. 1 Overview of the transoral
robotic surgery (TORS)
procedure

Both observers were trained and calibrated by an experi-
enced attending otolaryngologist, who explained and graded
two full-length videos. Two observers then independently
graded three additional videos, after which the expert pro-
vided feedback and calibrated their assessments to maximize
inter-rater reliability.

For each video, a pre-questionnaire was facilitated to
receive demographic data. Only the post-graduate years
(PGY) data were used in the analysis. Surgeons ranged
from PGY-2 to PGY-6. Following ACGME criteria [40],
PGY-2–3 surgeons were classified as novice and PGY-4 or
higher as experienced. On a global basis, there is signif-
icant program-to-program variability for the expectations
for robotic surgical skill for otolaryngology trainees. It is
not uncommon for an otolaryngology resident to gradu-
ate from their training program with no more than a few

hours of console operating time and zero procedures per-
formed beginning-to-end as the primary surgeon. Resident
surgeons from three otolaryngology training programs par-
ticipated in the study for which the video and demographic
data were initially collected. At the highest surgical vol-
ume institution whose residents participated in the study,
PGY-2–3 residents were expected to have little to no expe-
rience as the primary console surgeon and more often had
experience serving as bedside assistants for approximately
20 to 30 cases. PGY-4–5 residents at the highest volume
institution were expected to have several hours of operative
time as the primary console surgeon with zero procedures
performed beginning-to-end. Fellows are expected to have
several cases of robotic oropharyngeal resection performed
beginning-to-end, and attending surgeons are expected to
have dozens to hundreds of cases performed. Furthermore,
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Fig. 2 Decision-making and
procedural steps for tumor
resection

experience varies within PGY grouping based on their indi-
vidual rotation schedules. A PGY-2 resident who happens
to have their head and neck cancer surgery rotation early
during their academic year will have significantlymore expe-
rience than a PGY-2 resident who has that rotation at the
end of the academic year. There are no standards established
by the American College of Graduate Medical Education
(ACGME) for graduation from otolaryngology residency in

terms of robotic surgical case volume [41]. Thus, grouping
by PGY-2–3 and PGY-4–5was the best division that could be
created for the purposes of this study because robotic console
operation at the primary institution starts at the PGY-4 year.
Of the 40 videos, 20 were performed by novice surgeons and
20 by experienced surgeons. All procedures were recorded
using the da Vinci system’s camera. Figure 4 shows a repre-
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Fig. 3 Performance-based assessment metrics
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Fig. 4 Intraoperative image of TORS

sentative intraoperative TORS viewwith robotic instruments
performing soft tissue dissection during tumor resection.

Before analyzing, we hypothesized that procedure times
would correlate with scores. Prior research supports this,
showing that surgeon qualifications and experience affect
both total task durations [28, 33, 42].

Statistical design

To assess performance differences between novice and expe-
rienced surgeons, Mann–Whitney U tests were conducted
across all key outcome variables, including Total PBA
Score, Total GEARS Score, Total Time, and individual task
scores for mucosal incisions, deep dissections, and GEARS
subdomains. Levene’s tests were also applied to examine dif-
ferences in performance variability between groups. These
analyses made it possible to identify the significant differ-
ences in central tendency and to evaluate the consistency
of performance within each group across multiple surgical
domains.

To further investigate the relationship between procedural
time and performance scores, Spearman’s rank correlation
coefficient was used to examine the associations between
Total Time, Total PBA Metric Score, and Total GEARS
Score. Spearman’s correlationwas chosen due to its ability to
capture monotonic relationships without assuming linearity.

A significance threshold of p < 0.05 was applied to deter-
mine whether the observed differences and correlations were
statistically significant.

Fig. 5 Comparison of average total PBA metric scores between novice
and experienced surgeons

Results

The HTA and PBA metrics provided a structured break-
down of the TORS procedure. Experienced surgeons con-
sistently outperformed novices across all evaluated metrics
(see Table 1). For the total PBA score, experienced surgeons
(x = 39.98 and median = 41) achieved a higher score com-
pared to novices (x = 35.35 median= 35.25) with a p value
of 0.0055 (see Fig. 5). A Levene’s test indicated a significant
difference in score variance between the two groups (p =
0.0493). The detailed subtask findings can be found in the
supplementary material.

Experienced surgeons achieved higher scores across most
mucosal incision subregions. The highest difference was in
the lateral subregion (4.65 vs 3.60, p= 0.0015), with a lower
variance (Levene’s test p= 0.0077). Differences in the ante-
rior (4.48 vs 3.85, p = 0.0971) and medial (4.18 vs 3.83, p
= 0.1575) subregions were not significant.

For the deep dissection, the largest performance gap
appeared in the lateral subregion (4.58 vs 3.85, p= 0.0115).
Anterior and medial subregions showed non-significant
results. All dissection and incision results can be seen in
Table 2.

In GEARS, experienced surgeons received a higher mean
score (22.60 vs 19.63, p = 0.0009) (see Fig. 6) and showed
greater consistency (Levene’s test p = 0.0317). Depth per-
ception (p=0.0039) and efficiency (p=0.0118) significantly
differentiated groups, while bimanual dexterity and robotic
control did not (see Table 3).
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Table 1 Experienced and novice
of average scores and total time Margin Total metric score Total time Total GEARS score

Experienced 4.38 39.98 298.47 22.60

Novice 3.80 35.35 466.43 19.63

Mann–Whitney U p value 0.0149 0.0055 0.0003 0.0009

Levene’s p value 0.1461 0.0493 0.2668 0.0317

Table 2 Experienced and novice comparison of mucosal incision and deep dissection tasks

Mucosal incision Deep dissection

Anterior Medial Lateral Posterior Anterior Medial Lateral Posterior

Experienced 4.48 4.18 4.65 4.15 4.75 4.48 4.58 4.33

Novice 3.85 3.83 3.6 4.1 4.13 3.98 3.85 3.95

Mann–Whitney U p value 0.0971 0.1575 0.0015 0.7567 0.0618 0.0761 0.0115 0.2063

Levene’s p value 0.0424 0.1303 0.0077 0.2555 0.0553 0.1303 0.2516 0.077

Table 3 Average GEARS scores
of experienced and novices and
their Mann–Whitney U and
Levene’s p values

Depth
perception

Bimanual
dexterity

Efficiency Force
sensitivity

Robot
control

Experienced 4.45 4.7 4.55 4.45 4.45

Novice 3.85 3.825 3.95 3.975 4.025

Mann–Whitney U p
value

0.0039 0.0578 0.0118 0.3316 0.1066

Levene’s p value 0.6534 0.0004 0.2710 0.0134 0.0534

Fig. 6 Comparison of average total gears scores between novice and
experienced surgeons

Time efficiency was aligned with the findings from the
PBA metrics. Experienced surgeons completed the proce-
dure faster (298.47 s vs 466.43 s, p = 0.0003) (Fig. 7), and

Fig. 7 Comparison of average total times between novice and experi-
enced surgeons

task-level analysis revealed shorter times in both mucosal
incisions (120.95 s vs 166.54 s, p = 0.0020) and deep dis-
section (173.28 s vs 304.06 s, p = 0.0002) phases.
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Fig. 8 Comparison of average margin scores between novice and expe-
rienced surgeons

Margin scores highlighted the performance gap. Experi-
enced surgeons scored higher on average margins (4.38 vs
3.80, p = 0.0149) (Fig. 8). No significant difference in vari-
ance was observed (Levene’s p = 0.1461).

The reliability of the observers was evaluated using:
Cronbach’s alpha for internal consistency and intraclass
correlation coefficient (ICC) for inter-rater agreement. Full
reliability matrices and extended interpretation are provided
in the supplementary material.

Discussion

The results demonstrate the importance of structured training
and assessment in TORS. By developing a TORS-specific
HTA, this study decomposes a robotic lateral oropharyn-
gectomy into discrete tasks, enabling detailed comparisons
between novice and experienced surgeons. Coupling task-
based PBA metrics with GEARS provides a dual framework
for evaluating technical proficiency and procedural quality.

To our knowledge, this is the first HTA developed for
a head and neck oncology procedure. Previous HTAs in
otolaryngology have focused on otologic surgery, thyroidec-
tomy [43], sentinel lymph node dissection for endometrial
cancer [44], and laparoscopic adrenalectomy [45]. A unique
quality of the HTA presented in this work is its acknowledg-
ment of variability between both tumor characteristics and
surgeon approach. Factors such as tumor size, growth pat-
tern, mouth opening, and anatomic variation can influence
the operative path, and the HTA was designed to capture this
complexity.

Construct validity was demonstrated by significantly
higher total PBA scores (mean = 39.98 vs 35.35, p =
0.00551) and GEARS scores (mean = 22.60 vs 19.63, p =
0.00095) among experienced surgeons, consistent with prior
findings by Bur et al. [39].

Lateral regions emerged as good indicators of exper-
tise. Experienced surgeons outperformed novices in lateral
mucosal incision (mean= 4.65 vs 3.60, p= 0.0015) and lat-
eral deep dissection (mean = 4.58 vs 3.85, p = 0.0115) and
showed the largest performance disparities and greater con-
sistency. They also achieved higher margin scores (4.38 vs
3.80, p= 0.0149). These findings suggest that lateral regions
are particularly sensitive to surgeon expertise due to limited
visualization and difficult access.

Some subregion scores did not reach significance (e.g.,
anterior mucosal 4.48 vs 3.85, p = 0.0971; medial mucosal
4.18 vs 3.83, p = 0.1575), but the consistent trends favoring
experienced surgeons imply that a broader samplemay reveal
additional significant differences.

In GEARS, depth perception (p = 0.0039) and efficiency
(p = 0.0118) also distinguished expertise, highlighting the
value of fine motor control and spatial awareness in robotic
surgery.

The time metrics reinforced these conclusions. Experi-
enced surgeons completed the procedure significantly faster
(298.47 s vs 466.43 s, p = 0.00033), with shorter times in
mucosal incision (120.95 s vs 166.54 s, p = 0.0020) and
deep dissection phases (173.28 s vs 304.06 s, p = 0.0002),
without compromising technical performance. Efficient task
execution is clinically relevant, as shorter operative times are
associated with fewer complications and better patient out-
comes [12].

The normalized PBA metrics are a notable contribution
of this study. The PBA metrics provide an objective way
to assess technical skills and efficiency, making it easier to
identify areas for improvement. The observed negative cor-
relation between task time and performance scores shows
that time management is a meaningful indicator of surgical
competence.

Credentialing for TORS remains institution-dependent
and typically includes case log review, online didactic mod-
ules, cadaver laboratories, video review, and proctored cases
[46, 47]. Although structured and simulation-based curricula
can reduce the learning curve, adoption is inconsistent [39,
48].

Access to simulation-based training for the da Vinci
Single-port (Sp) Surgical System (Intuitive Surgical, Sun-
nyvale, California, USA) has been limited to virtual reality
(VR) modules that require a clinical console. Furthermore,
while robotic systems are FDA cleared for oropharynx
tumors, use in adjacent regions such as the parapharyngeal
space, nasopharynx, and larynx remains off-label [49–51].
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These applications underscore the necessity of comprehen-
sive perioperative planning and surgeon familiarity with
region-specific anatomy to reduce the risk of complications.

TORS offers significant benefits for patients with oropha-
ryngeal cancer [51]. However, to reach its full potential,
addressing current challenges in surgeon training and periop-
erative care is essential [39, 52]. To achieve this objective, the
ultimate goal is to develop the Virtual Transoral Robotic Sur-
gical (VTORS) simulator. This simulator will be run through
commercial VR headsets that do not require a robotic con-
sole. VTORS will focus on enhancing surgical outcomes by
offering a risk-free training alternative using PBA metrics
developed in this study and providing a risk-free, high-
fidelity environment to practice the TORS procedure [48,
53–55].

This study has several limitations worth noting. The
reliance on video analysis may introduce subjectivity in the
interpretation of surgical actions, despite efforts to calibrate
scoring between raters. Additionally, the sample size could
be expanded to include a more diverse range of surgeons and
surgical scenarios to further validate the findings. Another
limitation is, despiteHTAaddressing differences in the extent
of resection (e.g., resection of tonsillar pillars), the assess-
ment tools cannot determine whether the correct cuts were
made for complete oncologic resection.

Conclusion

This study provides the first full HTA and PBA framework
for TORS and shows that surgical experience strongly affects
performance. Experienced surgeons achieved clearer mar-
gins, demonstrated more consistent anatomy handling, and
completed tasks with better control. Novices showed uneven
dissection and longer task times. Higher performance scores
correlated with shorter procedure times, especially during
tumor resection where precision and coordination mattered
most. The results highlight the need for structured, standard-
ized training to improve TORS outcomes.

Objective PBAmetrics and HTA-based evaluations create
a foundation for training programs, especially when paired
with simulators like VTORS. VTORS aims to deliver an
immersive, high-fidelity environment that builds skill while
avoiding patient risk. Normalized, objective PBAs support
reliable assessment and improvement of TORS performance.

As robotic surgery grows, future work should validate
these metrics in wider clinical use, refine simulation-based
training, and support competency-based credentialing. Inte-
grating validated PBA metrics into VR systems offers a
scalable training pathway that helps narrow the gap between
novice and expert performance.
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