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Abstract

Telementoring is a promising, adaptable
educational model for ESS training, expanding

access to expert surgical teaching and
supporting skill development.

Telementoring shows promise as a supportive tool to enhance confidence and comfort in endoscopic sinus surgery training. This

study’s remote guidance model demonstrates the potential of a scalable, low-barrier solution to expand access to expert mentor-

ship in surgical education, particularly in resource-limited or geographically remote settings.
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Telementoring in endoscopic sinus surgery

Introduction

Modern medical practice has increasingly integrated telehealth
in clinical and educational settings . Surgical telementoring
enables expert surgeons to provide remote, synchronous
guidance to trainees, supplementing traditional surgical educa-
tion and supporting junior surgeons in underserved regions .
Advancements in technology have shifted surgical telemento-
ring from passive demonstration to active, bidirectional com-
munication ®. Studies across multiple specialties suggest that
telementoring can achieve comparable technical competency
to in-person instruction “3, However, its application in otola-
ryngology remains limited, primarily to robotic and skull base
surgeries ©7),

This study explores telementoring for training residents in endo-
scopic sinus surgery (ESS), a core otolaryngology competency ©.
ESS is well-suited for telementoring due to its single-surgeon,
video-based nature, allowing for real-time verbal and visual
guidance. We hypothesize that telementored ESS instruction
enhances comfort and confidence of residents in performing
surgical tasks.

Table 1. Participant demographics.

Junior residents (PGY2-3)

Materials and methods

Resident volunteers from Stanford and UCSF were classified as
"junior" or "senior" based on training level and ESS experience
in the operating room (Table 1). To account for the impact of
ESS experience, trainees who had completed no more than two
maxillary antrostomies and anterior ethmoidectomies as pri-
mary surgeons prior to the telementoring session were grouped
in the junior resident cohort. Junior residents (PGY2/3) perfor-
med maxillary antrostomy and anterior ethmoidectomy, while
senior residents (PGY3/4) performed posterior ethmoidectomy
and sphenoidotomy (Table 2).

Each of the 16 residents performed the assigned tasks inde-
pendently and then under telementoring from a remote faculty
surgeon using a two-way audio-video platform with telestra-
tion capabilities (Video 1). An impartial senior otolaryngologist
observed both sessions without providing feedback (Figure 1).
Residents completed a visual analogue scale (VAS)-based self-
assessment before and after telementoring (Figure S1).
Statistical analysis was performed using Student’s t-test to
compare self-efficacy and surgical competency before and after

Senior residents (PGY-3-4)

Number & Handedness 8
Right-handed 8
Left-handed 0

ESS experience

(mean procedures performed)

Maxillary antrostomy 338
Anterior ethmoidectomy 2.5
Posterior ethmoidectomy 1.1
Sphenoidotomy 1.4

Total subjects

8 16
8 16
0 0
11.8 7.8
12.3 74
5.9 35
4.9 3.1

Table 2. Overall trend in change in mean ASK-12 from baseline according to post-op follow-up.

Surgical procedure

Maxillary antrostomy i) identification of the uncinate;

Task Resident training level

Junior (PGY2/3)

ii) complete removal of the uncinate;
iii) identification of the natural os of the maxillary sinus;
iv) enlargement of the natural os to 2cm

Anterior ethmoidectomy

i) identification of the ethmoid bulla;

Junior (PGY2/3)

ii) removal of the bulla with mucosal preservation;
iii) identification of the basal lamella;
iv) identification of the lamina papyracea

Posterior ethmoidectomy
the middle turbinate;

i) entrance into the basal lamella with preservation of the horizontal strut of

Senior (PGY3/4)

ii) identification of the superior turbinate;
iii) removal of posterior ethmoid cells revealing skull base;
iv) superior turbinate and lamina papyracea

Sphenoidotomy

i) identification and enlargement of sphenoid ostia;

Senior (PGY3/4)

ii) demonstration of the internal carotid and optic nerve location within the

sphenoid sinus
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Figure 1. Schematic of independent and telementored ESS for residents in all training stages.

telementoring.

The telementoring system utilized the Nurep telepresence
platform, providing dual video feeds for the mentor—one of
the endoscopic procedures and one of the operating field. The
telestration overlay allowed real-time visual guidance.

The study was reviewed and approved by the Stanford Instituti-
onal Board Review.

Results

Self-efficacy: junior residents

Junior residents reported self-efficacy scores reflecting their
comfort with performing the procedure, averaging 3.6 after
independent dissection versus 8.2 post-telementoring (P<0.01,
Figure 2). The greatest improvement was in identifying the
maxillary os (2.9 to 7.9, P<0.001). Other significant improve-
ments included widening the maxillary os (4.0 to 8.1, P<0.01),
resecting the ethmoid bulla (3.9 to 8.2, P<0.001), and identifying
the basal lamella (3.7 to 8.5, P<0.01).

Self-efficacy: senior residents
Self-efficacy scores among senior residents increased from 5.8

17

(independent) to 8.5 (telementored) (P<0.01, Figure 3). Identi-
fying the superior turbinate and posterior ethmoid cell saw the
greatest improvement (4.6 to 8.3, P<0.01). Significant gains were
also noted in identifying the basal lamella (6.3 to 8.6, P<0.01)
and performing sphenoidotomy (6.6 to 8.6, P<0.01).

Overall impressions

All participants reported improved comfort and confidence
following telementoring. Overall confidence in performing
surgical tasks improved from 3.6 to 7.8 (P<0.01, Figure 4).
Trainees reported that telementoring improved their ability to
perform tasks (9.2; SD +0.99), improved their confidence in their
ESS training (9.1; SD £1.13), and that telementoring would be a
desirable way from to learn a surgical technique de novo (9.2; SD
+1.0). The experience gap between junior and senior residents
narrowed, particularly in basal lamella identification, where
post-telementoring scores were nearly equivalent. However,
technological reliability was a concern (5.2; £5SD 3.6), particularly
in early sessions.
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Junior residents and ESS self-efficacy
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Figure 2. Self-reported comfort levels of junior residents completing
maxillary antrostomies and anterior ethmoidectomies during independ-
ent and telementored ESS sessions. Comfort levels for all key surgical
steps improved with telementoring in statistically significant fashion
(P<0.01). Greater inter-participant comfort levels for each surgical step

were noted for independent ESS compared to telementored ESS.

Senior residents and ESS self-efficacy
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Figure 3. Self-reported comfort levels of senior residents completing
posterior ethmoidectomies and sphenoidotomies during independent
and telementored ESS sessions. Comfort levels for all key surgical steps

improved with telementoring in statistically significant fashion (P<0.01).

Discussion

Telehealth has broadened access to medical education. Many
telemedicine services initiated during the COVID-19 pandemic
have become permanent. Our study demonstrates the feasi-
bility of telementoring in ESS training, significantly enhancing
residents’ comfort and confidence. Potential applications of

ESS telementoring include supplementing residency training
programs, expanding surgical education in resource-limited set-

Overall confidence in ESS
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Figure 4. Overall self-assessed confidence among residents completing
ESS independently and with telementoring. Telementoring interven-
tion results in improved overall confidence in completing discrete steps
within ESS among all trainees (mean independent confidence pre-inter-

vention 3.6, post-telementoring 7.8; P<0.01).

tings, and facilitating expert consultation in complex cases. This
model provides structured ESS exposure to trainees, fostering
mastery through guided mentorship.

A study limitation was the non-randomized sequence of inde-
pendent and telementored sessions. All participants began with
independent dissection to avoid mentorship effects inflating
later performance. Future randomized studies could offer more
clarity on the role of sequence biases. Another limitation was
the absence of a traditional control group. Though improve-
ments in self-efficacy and confidence may reflect some task
familiarity, telementoring offered real-time, structured feedback
that was qualitatively distinct.

Our self-assessment instrument, though not externally valida-
ted, effectively captured learner confidence and perceived skill
development. Self-efficacy is critical in surgical training, influen-
cing skill acquisition and performance. Our findings align with
previous research on the value of self-assessment in surgical
education ©. Further development of ESS telementoring would
benefit from a structured curriculum, potentially following the
previously established ADDIE (Analysis, Design, Development,
Implementation, Evaluation) ©® and GROW models (Goals, Rea-
lity, Options, Wrap-up) 9.

Barriers to broader adoption include internet reliability, cost,
and safety in live surgery. We encountered occasional connec-
tivity and telestration disruptions, underscoring the need for
robust infrastructure. A range of platforms is now available, from
advanced, high-cost commercial systems developed by medical
device companies to widely available, low-cost solutions like
Zoom and Microsoft Teams, which offer sufficient functionality



without the need for additional equipment.

Conclusion

ESS telementoring is a promising educational tool. Our study
provides proof-of-concept evidence that telementoring increa-
ses comfort, self-efficacy, and confidence in surgical execution
among resident trainees, offering a scalable supplement to
traditional surgical education.
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Stanford Telementoring ESS Self-Assessment Instrument

Assessed after independent and telementored dissections

(Mark on the lines below your response based on a scale of 0=completely uncomfortable and

10=completely comfortable)

10

ESS checklist questions for Junior Residents

Q1. How comfortable were you with performing uncinectomy and identification of the natural maxillary
0s7? (0-10)

Q2. How comfortable were you widening the maxillary os? (0-10)

Q3. How comfortable were you with identifying and removing the ethmoid bulla? (0-10)

Q4. How comfortable were you with identifying the basal lamella? (0-10)

ESS checklist questions for Senior Residents

Q4. How comfortable were you with identifying the basal lamella? (0-10)

Q5. How comfortable were you with identifying the superior turbinate, posterior-most ethmoid cell and

lamina papyracea? (0-10)

Q6. How comfortable were you with identifying and widening the sphenoid os? (0-10)

Questions for All Residents

Q7. Please rate your overall confidence in performing the surgical tasks. (0-10)
Q8. Do you think that the telementored FESS improved your ability to perform the tasks? (0-10)

Q9. Do you think that the telementored FESS improved your confidence in performing the tasks? (0-10)

Q10. After comparing the independent FESS vs the telementored FESS, do you think that using a

telementored session could safely and appropriately teach you a new technique? (0-10)

Q11. Did the telementoring system run smoothly with minimal hardware or software issues. (0-10)

Figure S1.Visual analogue scale (VAS)-based self-assessment before and after telementoring.
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